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GENERAL  REPORT. 


The  contents  of  the  present  volume  comprise  a  report  of  the  gen- 
eral work  of  the  State  Board  of  Health  for  the  year  ending  Sept.  30, 
1894,  and  of  that  which  relates  to  Water  Supply  and  Sewerage  for 
the  calendar  year  1894. 

Tlus  first  portion,  the  general  report,  paged  in  Roman  numerals, 
includes  a  brief  statement  of  the  work  done  under  the  statutes  which 
define  the  work  of  the  Board,  and  contains  a  summary  of  the  vital 
statistics  of  the  State  for  the  year  1893. 

The  second  part  of  the  report,  paged  in  Arabic  numerals,  contains 
the  foller  details  of  the  work  of  the  Board,  under  the  acts  relating 
to  Water  Supply  and  Sewerage,  Food  and  Drug  Inspection,  Report- 
ing of  Infectious  Diseases  and  such  papers  relating  to  special  topics 
as  the  Board  has  deemed  it  desirable  to  publish. 

The  following  members  comprised  the  Board  in  1894  :  — 


Henrt  p.  Walcott,  Chairman. 


Frank  W.  Draper. 

HiRAX  F.   MlLI^. 

Jajies  W.  Hull. 


Joseph  W.  Hastings. 
Gerard  C.  Tobey. 
Charles  H.  Porter. 


C.  H.  Porter  of  Quincy  was  appointed  in  February,  1894,  to  fill 
the  place  made  vacant  by  the  death  of  Dr.  Jones.  Dr.  J.  W. 
Hastings'  term  expired  May,  1894,  and  he  was  reappointed  for 
seven  years. 

During  the  year  1894,  in  addition  to  the  regular  routine  work  of 
the  Board,  the  following  special  lines  of  work  have  been  prose- 
cuted ;  — 

The  investigations  relating  to  a  general  supply  of  water  for  the 
metropolitan  district,  authorized  by  an  act  of  1893,  were  completed, 
and  a  report  upon  the  same  was  transmitted  to  the  Legislature. 
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Under  the  provisions  of  chapter  426  of  the  Acts  of  1894,  a  con- 
tract was  made  with  the  Eastern  Dredging  Company  for  the  purpose 
of  dredging  certain  portions  of  the  Concord  and  Sudbury  rivers, 
and  the  work  is  now  progressing. 

Under  the  organic  act  creating  the  Board  and  requiring  it  to 
<'take  cognizance  of  the  interests  of  health  and  life  among  the 
citizens  of  the  Commonwealth,"  the  Board  has  taken  measures  to 
provide  a  supply  of  antitoxine,  for  use  throughout  the  Common- 
wealth, for  the  purpose  of  diminishing  the  mortality  from  diphtheria. 

Further  investigations  relating  to  the  reduction  in  the  prevalence 
of  trichinosis  among  swine  will  be  found  detailed  in  a  communica- 
tion from  Professor  Mark  of  Harvard  University. 

Progress  has  also  been  made  in  the  investigations  relating  to  the 
prevalence  of  malarial  infection  in  the  Charles  River  valley. 


Infectious  Diseases. 

The  principal  outbreak  of  infectious  disease  worthy  of  note  which 
occurred  during  the  year  was  the  epidemic  of  small-pox,  which 
began  in  the  previous  year,  1893,  and  reached  its  height  in  April, 
1894,  but  had  entirely  subsided  before  midsummer.  The  principal 
data  relative  to  the  earlier  period  of  this  epidemic  are  detailed  in 
the  report  of  1893.  The  following  statement  relates  to  the  closing 
period  of  the  epidemic,  comprising  the  first  half  of  1894.  A  sum- 
mary of  the  ten-year  period,  1885-94,  is  also  presented. 

Small-pox, 

The  epidemic  of  small-pox  of  1893-94  culminated  in  April,  1894, 
60  cases  being  reported  to  the  Board  during  that  month.  The  fol- 
lowing table  presents  the  monthly  record  of  reported  cases  for  the 
two  years,  1893-94 :  — 


Reported  Cases  of  SmcUl-pox,  Massachusetts ,  1893-94. 
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IX 


Reported  Cases  of  Small-pox  in  Mofsaehusetis  by  Months,  1893-94. 
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By  this  table  and  diagram,  it  appears  that  201  cases,  or  nearly 
Dine-tenths  of  all  that  occurred  in  the  two  years,  were  reported  in 
the  seven  months  ending  with  June,  1894.  In  most  of  the  previous 
epidemics  of  the  past  thirty  years  the  height  of  the  epidemic  has 
come  in  midwinter.  The  following  table  presents  a  detailed  state- 
ment of  the  cases  reported  during  the  year  1894,  as  copied  from  the 
indiTidiial  returns  sent  to  the  office  of  the  Board :  — 


Quia  of  Small-pox  reported  to  the  State  Board  of  Health  in  1894,  under  the 
Provisions  of  Chapter  138  of  the  Acts  of  1893. 
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No. 

Tee. 

? 

Yes. 
Yes. 
No. 
No. 
Yet. 
No. 

No. 

Yee. 

No. 

Yes. 

Yes. 

Yes. 

Yes. 

No. 

Yes. 

Yea. 

No. 

No. 

No. 

No. 

No. 

Yes. 

No. 

Yes. 

No. 

No. 

Yes. 

No. 

Yes. 

Yes. 

Yes. 


2 
1 


1 
1 
1 


1 
1 
1 
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XI 


DttB 

Place 

NatlonaUty 

51 

1 

fi 

a 

as 

Of 

Beport 

or 

of 
Patient 

Oocnpation. 

A«e. 

i 

^1 

9S 

^^ 

44    FeU.28. 

LawroDoe, 

United  Statee,  . 

- 

10  weeks. 

F. 

No. 

- 

- 

45    Feb.  SS, 

Boeton,     • 

United  SUtee,  . 

Monlder,  .       • 

61yeare. 

M. 

Tee. 

1 

- 

46    Feb.  21*     Boston,      . 

United  Btatea,  . 

Carpenter, 

37     " 

M. 

No. 

- 

1 

47 

Feb.  23,    Holyoke,   . 

Br.  ProTlncee, . 

Mill  operative. 

23     •• 

F. 

No. 

- 

- 

4S    Feb.  U,  '  Boiton,     . 

G-ermaDy,  • 

Honaewife,      • 

86     «• 

F. 

No. 

1 

4»    Feb. ».    Boston,     . 

1 

United  Statee^  . 

- 

85      •• 

F. 

Tee. 

1 

1 

»    Feb.  28, 

Boeton,     . 

Scotland,  . 

Honeewife,      • 

37      •« 

F. 

No. 

- 

- 

51    Feb.M, 

Boeton,     . 

United  BUtes,  . 

- 

8     •• 

F. 

No. 

- 

- 

53  ,  Feb.  26, 

1 

Boeton,     . 

United  SUtee,  . 

Carpenter,       • 

47      " 

U. 

Tee. 

1 

- 

53    Feb.  28, 

1 

Boeton,     . 

United  Sutee,  . 

Taehteman, 

20      *• 

U. 

Tee. 

1 

- 

54  :  Feb.  27,     Boeton,     . 

United  Statee,  . 

- 

16      " 

F. 

- 

- 

- 

55    Feb.  27, 

1 

Boeton,     • 

United  Statee,  . 

- 

38      " 

M. 

Tee. 

2 

- 

56    Mat.  2, 

Boeton,     . 

United  Statee,  . 

Laborer,  • 

27      •• 

M. 

Tee. 

1 

- 

57  .  Mar.  S, 

Boeton,      •       • 

United  Statee,  . 

- 

8      " 

F. 

Tee. 

2 

- 

56    lUr.  S,  1  Boeton,      • 

IrUh,        .       . 

Laborer,  . 

24     •• 

M. 

Tea. 

2 

- 

li 

Mar.  ft. 

Boeton, 

Irieh,        .       • 

Laborer,  .       • 

47      " 

M. 

Tee. 

1 

- 

81 

Mar.  6. 

Boeton, 

United  Statee,  . 

Bootblmok, 

60      " 

M. 

Tea. 

1 

- 

n    Mw.  7, 

Boeton, 

United  Statee,  . 

- 

26      " 

F. 

Tee. 

2 

- 

«s 

Mar.  7,    Boeton, 

United  Statee,  . 

- 

52      " 

M. 

? 

- 

- 

a 

Mar.  7,    Boeton, 

United  Statee,  . 

- 

ly.  8m. 

M. 

No. 

- 

- 

84 

Mar.  11, 

Lynn,         • 

United  Statee,  . 

Shoe  operator, 

19  years. 

F. 

No. 

- 

1 

85 

Mn.lS, 

United  Btatea,  . 

- 

ly.  6m. 

F. 

No. 

- 

- 

88 

Mar.ie. 

Boeton* 

United  Statee,  . 

Laborer,  .       • 

21  yeare. 

M. 

No. 

- 

1 

87 

Mar.  10^     Boeton,      • 

Irlah, 

Laborer,  •       • 

26     •• 

M. 

Tee. 

1 

- 

88    lUr.tt,    Boston,      • 

United  States,  . 

Laborer,  . 

42     ** 

M. 

Tee. 

1 

1 

m 

Mar.  IS,  :  Boeton,      . 

United  Statee,  . 

- 

8     •• 

F. 

No. 

- 

- 

:«')Cer.I3,'  Holyok«,   . 

Fr.  Canadian,  . 

- 

8     " 

M. 

No. 

- 

- 

n 

Mar.U.    Holyoke,  .       . 

Fr.  Canadian,  . 

- 

6      ♦« 

F. 

No. 

- 

- 

73 

Mar.tt,    Holyoke,   . 

Fr.  Canadian,  . 

- 

4     «• 

F. 

No. 

- 

- 

n\  lUr.U,  IHfilyolw,  . 

Scotland,  . 

Engineer,  peper  mill, 

47      " 

M. 

Tee. 

1 

m 

U^lMer.U, -Hoi  joke,  . 

Scotland,  • 

Cklld  of  No.  73,      . 

2      •• 

M. 

No. 

- 

- 

n    Mar.12.|Eolfoke,  . 

United  Statee,  . 

- 

7      •• 

U. 

No. 

- 

- 

T6j  M«r.U,,Hai]Foke,  . 

United  Statee,  . 

Bricklayer, 

42      «< 

M. 

No. 

- 

1 

77    Mftr.  15,   Helyoke,  . 

Fr.  Canadian,  . 

- 

4     •• 

M. 

No. 

- 

- 

78     lUr.  18, !  Boetoo,     .        . 

United  Statee,  . 

- 

46      " 

F. 

Tee. 

2 

« 

79 

Mat.  10,  i  Boatoo,    • 

United  Statee,  . 

Domestie,        • 

24      •• 

F. 

No. 

- 

- 

m 

M«r.  17,     Beetoo,    . 

United  States,  . 

• 

2y.  6m. 

M. 

No. 

- 

- 

tl'UMT.lS,  I  SMyoke^  .       . 

Br.  ProTinoee, . 

- 

5  yeare. 

M. 

Tee. 

? 

- 

Xll 


STATE   BOARD  OF  HEALTH. 


[Jan. 


s 

p 


Date 

of 

Report. 


Place 

of 

Occarrence. 


Nationality 

of 

Patient 


Occnpation. 


Age, 


w. 

>*'?■. 

O 

—  ft> 

« •« 

M 

eyIou 

ccina 

il 

£ 

i:? 

saCr 

82 

83 
84 
86 
86 
87 
88 
80 
90 
91 
92 
93 
94 
96 
96 
97 
98 
99 
100 
101 
102 
103 

lot 

106 
106 
107 
108 
109 
110 
111 
112 
113 
114 
116 
116 
117 
118 
119 


BCBr.20 
Mar.  20 
Mar.  20 
Mar.  20 
Mar.  21 
Mar.  21 
Mar.  24 
Mar.  24 
Mar.  27 
Mar.  28 
Mar.  80 
Mar.  31 
Mar.  81 
Apr.  2 
Apr.  8 
Apr.  5 
Apr.  7 
Apr.  7 
Apr.  10 
Apr.  11 
Apr.  11 
Apr.  11 
Apr.  11 
Apr.  18 
Apr.  16 
Apr.  15 
Apr.  15 
Apr.  16 
Apr.  16 
Apr.  17 
Apr.  18 
Apr.  18 
Apr.  18 
Apr.  20 
Apr.  20 
Apr.  28 
Apr.  22 
Apr.  12 


Boston, 

Boston, 

Boston, 

Boston, 

Boston, 

Melrose, 

Boston, 

Boston, 

Boston, 

Boston, 

Boston, 

Boston, 

Boston, 

Boston, 

Boston, 

Boston, 

Boston, 

Boston, 

Ctaicopee, 

Chicopee, 

Chicopeo, 

Holyoke, 

Holyoke, 

Holyoke, 

Boston, 

Holyoke, 

Holyoke, 

Holyoke, 

Holyoke, 

Stoneham, 

Boston, 

Holyoke, 

Holyoke, 

Boston, 

Holyoke, 

Boston, 

Holyoke, 

Cbicopee, 


United  States,  . 
United  BUtee,  . 
Ireland,  . 
Ireland,  • 
United  States,  . 
United  States,  . 
United  States,  . 
United  States,  . 
United  States,  . 
United  Sutes,  . 
United  Sutes,  . 
United  States,  . 
Br.  Provlncea, . 
Br.  ProTinoes, . 
Br.  ProTtnoes, . 
United  SUtes,  . 
United  States,  . 
Br.  Provinces, . 
Ireland,  . 
France,  . 
Fr.  Canadian,  . 
Fr.  Canadian,  . 
Fr.  Canadian,  . 
Fr.  Canadian,  . 
Br.  Provinces, . 
France,  •  • 
France,  •  • 
Fr.  Canadian,  . 
Fr.  Canadian,  . 
United  Sutes,  . 
Br.  Provinces, . 
Germany, 
United  States, . 
Scotland,  . 
Fr.  Canadian,  . 
United  States,  . 
France,  . 
Ireland,     • 


Laborer,  •       • 


Clerk,       . 


•       • 


HoQse  servant, 
Teamster, 
Housekeeper,  . 
Teamster,        •       • 
Morocco  worker,     . 
Laborer,  . 


•       • 


Laborer,  •       •       • 


Mill  oporative, 
Mill  operative. 


Weaver,  .       • 

Paper>mt11  operative, 
Mill  operative. 
Housekeeper,  •       . 
Waiter,    . 
School  girl,      •       . 

Housewife,      •       • 

Clerk, 


6  moB. 
6     •• 

36  years. 
46     « 
24      " 
26      " 

5  " 
Imo. 
2  mos. 

28  years. 

6  «• 
28  " 
65  " 
28  " 
26  " 
42  •« 
26  «« 
88      •• 

26  years. 

20  «« 

21  •• 

17  •• 

2  y.  6  m. 

37  years. 
19     " 

4  «• 

22  •• 
14  " 
40  " 
32  «* 
10  " 

27  " 
35  " 

2      " 

18  •• 
6.     •« 

ly.  2  m. 


M. 

F. 

M. 

M. 

F. 

M. 

M. 

F. 

M. 

F. 

F. 

F. 

M. 

F 

M. 

M. 

M. 

M. 

M. 

M. 

F. 

M. 

M. 

M. 

F. 

F. 

M. 

M. 

F. 

F. 

M. 

F. 

F. 

F. 

M. 

M. 

F. 

M. 


No. 

No. 

Yea. 

Tee. 

Yea. 

Yes. 

No. 

No. 

No. 

? 
No. 

? 

? 
No. 
Yes. 
Yes. 
No. 
No. 
Yes. 


No. 

- 

No. 

- 

No. 

- 

No. 

- 

Yes. 

- 

No. 

- 

No. 

- 

Yes. 

8 

Yes. 

1 

No. 

- 

No. 

- 

Yes. 

- 

Yes. 

1 

No. 

- 

Yes. 

8 

No. 

- 

No. 

» 

2 

1 
1 

1 


1 
1 
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xiu 


• 

Date 

Place 

NaUonaUty 

5  •* 

S  m 

'S     1 
»      1  ft 

s 

s 
2 

of 
Report. 

of 
Occurrence. 

of 

Patiant 

Ocenpation. 

Age. 

• 

IS 

ISO 

Apr.  5, 

Chicopee,  . 

United  Btatea, . 

- 

8y. 

6  m. 

M. 

No. 

• 

- 

m  >  Apr.  S, 

* 

Chicopee,  . 

Scotland, . 

Mill  operatire, 

27yeara. 

F. 

Yea. 

2 

.* 

m    Apr.  13,  I  Chlcopee,  . 

United  Btatea,  . 

Laborer,  . 

17 

•« 

M. 

Yea. 

1 

- 

IS    Apr.  12,     Chicopee,  . 

Ireland,    . 

Laborer,  . 

49 

If 

M. 

Yea. 

1 

- 

124  ,  Apr.  IS,     Chlcop«e,  . 

1 

United  Btatea, . 

School  boy,      . 

14 

1 

M. 

Yea. 

1 

- 

IS 'Apr.  IS,     Chicopee,. 

England,  . 

MiU  operative, 

48 

.« 

M. 

Yea. 

1 

- 

£8    Apr.  12,     Chicopee,  . 

United  Btatea,  . 

School  girl, 

12 

•1 

F. 

No. 

- 

- 

127  -  Apr.  12,    Chicopee,  . 

Ireland.    • 

Mieliel  plater,  . 

28 

.. 

M. 

Yea. 

1 

- 

l^    Apr.  12, 

Chicopee,  . 

Br.  Prorinoca, . 

School  girl. 

17 

•• 

F.     No. 

- 

- 

09    Apr.  12,     Chicopee,  . 

Br.  ProTineea, . 

School  girl, 

1ft 

M 

F.     No. 

- 

- 

139 

Apr.  12, 

Chicopee,  . 

Br.  ProTlnoei,  • 

Painter,    . 

42 

H 

M.    Yea. 

1 

- 

SI    Apr.  IS, 

Chicopee,  . 

Fr.  Canadian,  . 

- 

28 

N 

F. 

No. 

- 

1 

122  ;  Apr.  U,     Chicopee,  . 

Ireland,    . 

Mill  operatiTO, 

20 

M 

F. 

No. 

- 

- 

03    Apr.  14,    Chicopee,  . 

Br.  Provincea, . 

Weaver,  .       . 

24 

M 

M. 

No. 

- 

- 

IM  '  Apr.  14,  '  Clfticopee,  . 

\                            1 

Fr.  Canadian,  . 

Barber,     .       • 

22 

!• 

M. '  Yea. 

I 

- 

ns 

ipr.l5. 

Chicopee,  . 

Ireland,    . 

School  girl. 

7 

«f 

F. 

Yea. 

0 

- 

m 

Apr.U,    Chicopee,  . 

Ireland,    • 

Laborer,  . 

81 

•• 

M. 

Yea. 

4 

- 

s? 

Apr.  15,    Chicopee,  . 

United  BUtea,  . 

Mill  operative, 

17 

M 

F.  ,  No. 

- 

- 

I^    Apr.  15,    Chicopee,  . 

Ireland,    . 

ma  operative, 

29 

m 

F. 

No. 

- 

- 

138    Apr.  IT,  '  Chicopee,  . 

Ireland,    • 

Mill  operative. 

82 

H 

F. 

Yea. 

2 

- 

Ua  ,  Apr.  17,    Chicopee,  . 

Fr.  Canadian,  • 

Mill  operative, 

27 

1« 

F. 

Yea. 

1 

- 

1 
Ml    Apr.  25,    Worcester, 

Bngliah,    . 

Hameia  maker. 

28 

U 

M. 

Yea. 

2 

- 

Itt    Apr.a, 

Woreeater, 

Swede  (U.  B.),. 

Hoaaevrife,      .       • 

80 

M 

F.     No. 

1 

- 

- 

1«  j  AF.a. 

Woroeater, 

England,  . 

Honaewlfe,      • 

80 

M 

F. 

Yea. 

2 

- 

144 

Apr.15, 

Woreeater, 

England,  . 

Hameaa  maker, 

10 

M 

M. 

Yea. 

2 

- 

lis    Apr.  26, 

Chicopee,  . 

MiU  operative. 

28 

H 

M. 

? 

0 

- 

IW  1  Apr.  18^    BoelOD,      . 

United  BUtea, . 

- 

10 

•• 

M. 

No. 

- 

- 

Ill  i  Apr.  z;,    Boston,      . 

1               1 

United  Btatea,  . 

Stone  cntUr,    . 

20 

II 

M.  !  No. 

- 

- 

IB    Apr. a,  j  CUeopee,  . 

Irlah,         .       . 

Honaekeeper,  • 

55 

II 

F.     Yea. 

- 

1«  1  Apt.K. '  Boitoo,      . 

1                             1 

United  BUtea,  . 

Phyaieian, 

80 

II 

M.    Yea. 

• 

- 

180    Apr.sa,    Bortoo,      . 

United  Btatea,  . 

- 

8moa. 

M.!  No. 

1 

- 

15 

I    Api.20,   Bo«on,      . 

United  Btatea, . 

Laborer,  . 

41  yeara. 

M. 

Yea. 

- 

» 

t    Apr.»,  i  Holyoke,   . 

United  BUtea,  . 

Tramp,    . 

24 

tl 

M. !  Yea. 

- 

1& 

I    Apr.»,  Holyoke,  . 

Fr.  Canadian,  . 

Butcher,  . 

20 

II 

M.    Yea. 

- 

154  [Maj   «.,BortoB,     .        . 

United  Btatea,  . 

Plnmber, .       .       • 

22 

li 

M. 

Yea. 

- 

159 

May    4, 

Sailck,     .       . 

United  Btatea,  . 

Bartender, 

- 

M. 

Yea. 

- 

- 

IM 

i    May    7,    Woicrtcr,        . 

1 

F^ranoe,     . 

Tramp,    . 

41 

M 

M. 

- 

? 

- 

UT  j  lUj    7,  ,  Woree«er,        . 

German  (U.S.) f 

Tramp,     •       ■       • 

10 

II 

i 
M. 

No. 

- 

- 

158  •  lUy    8,  ,  Holyokt,  .       . 

Fy.  Canadian,  . 

Mill  operative,. 

27 

fl 

M.  '  No. 

1 

- 

- 

XIV 


STATE  BOARD  OF  HEALTH. 


[Jan. 


1 

Date 

of 

Beport. 

Place 

of 

Occnrrenee. 

Nationality 

of 

PaUent 

~  Occupatton. 

Age. 

• 

M 

IS 

Number  of 
Bears. 

m 

5 

o 

169 

May  10, 

Worcester, 

England,  . 

Housewife, 

88  years. 

F. 

Yes. 

1 

- 

160 

Apr.  20, 

Chlcopee,  . 

United  States,  . 

School  girl. 

8     •• 

F. 

No. 

- 

- 

1«1 

May  16, 

Randolph, .       . 

United  Btatea,  . 

Housekeeper,  . 

64     " 

F. 

Yes. 

- 

' 

102 

May  14, 

Boaton, 

United  States,  . 

Telegraph  operator, 

24     " 

M. 

Yes. 

4 

- 

103 

May  18, 

StateAImahouae, 

United  States,  . 

Physician, 

27      " 

M. 

Yea. 

2 

- 

164 

May  26, 

BtateAlmahouae, 

United  States,  . 

Mill  operative, 

27      " 

M. 

No. 

- 

1 

165 

May  26, 

Worcester, 

United  States,  . 

House  painter, 

68      " 

M. 

Yes. 

1 

- 

166 
167 

May  89, 
May  81, 

StateAImahouae, 
Worcester, 

United  States,  . 
United  States,  . 

Medical  student  and 

nurse. 
Housekeeper,  . 

22      •* 
44      " 

M. 

F. 

No. 

? 

. 

168 
109 

May  28, 

Judo  4, 

Dalton,      • 
Qnlncy,     • 

United  States,  . 
United  States,  . 

Paper-mill  operative 

rag  cutter. 
Walter,    • 

22      •* 
46      ** 

F. 
M. 

No. 

? 

? 

„ 

170 

Jane  6, 

Springfield, 

United  States,  . 

- 

1  year. 

F. 

No. 

- 

- 

171 

JuDe  6, 

Springfield, 

United  States,  . 

- 

4  years. 

M. 

No. 

- 

- 

172 

June  6, 

1  Springfield, 

United  States,  . 

- 

8     «• 

M. 

No. 

- 

- 

173 

June  9, 

Chelsea,     • 

United  States,  . 

- 

20     •• 

F. 

Yes. 

1 

- 

174 

Jane  9, 

Chelsea,     •       • 

United  States,  . 

- 

2y.6m. 

F. 

No. 

^ 

- 

176 

Judo  9, 

Chelsea,     . 

England,  . 

Rubber  worker. 

30  years. 

M. 

Yes. 

2 

- 

176 

June  9, 

Chelsea,     • 

United  States,  . 

- 

6y.6m. 

M. 

No. 

- 

- 

177 

Jane  9, 

Chelsea,     •       • 

United  States,  . 

- 

3y.6m. 

F. 

No. 

- 

- 

178 

Jane  9, 

Chelsea,     . 

United  States,  . 

- 

21  years. 

F. 

Yes. 

2 

- 

179 

Jniie  16, 

BtateAlmshouse, 

United  States,  . 

Nurse,      •       •       . 

30      " 

F. 

? 

? 

- 

180 

Jane  20, 

Worcester, 

England,  . 

Machinist, 

68     " 

M. 

Yes. 

0 

- 

181 

Jane  20, 

Worcester, 

United  States,  . 

- 

61      •* 

M. 

Yes. 

1 

- 

182 

July    7, 

Worcester,        . 

United  States,  . 

Book-keeper,  . 

20      «• 

M. 

Yes. 

1 

- 

183 

July    7, 

Worcester, 

United  States,  . 

School  teacher, 

24      " 

F. 

Yes. 

1 

- 

184 

185 

July  16, 
July   8, 

Worcester, 
Chelsea,     • 

United  States,  . 
United  States,  . 

Overseer  public  In- 
stitution. 

37      " 
30      " 

M. 

F. 

Yes. 
Yes. 

2 

' 

Persons  vaccinated  for  the  first  time  within  ten  days  of  date  of  report  are  not  accounted  as  vacci- 
nated. 

Notes.  — 8.  Vaccinated  in  Infancy;  very  faint  acar.  4,  8,  10,  12,  20,  23,  24,  25,27,  36,  39,  41,  42, 
43,  45,  49,  52,  63.  65,  56,  58,  59.  61,  67,  68.  73,  84.  86.  86,  87,  97, 107,  111,  114,  116,  117,  121, 123,  125,  134.  141, 
143, 144, 140, 151. 152.  154, 161, 163, 165, 180. 183.  Vaccinated  In  infancy.  6,  0, 18.  Vaccinated  a  few  days 
before  date  of  report,  but  too  late  to  be  of  service.  13.  One  imperfect  scar.  16.  Vaccinated  ten  years 
ago.  21.  Had  had  smallpox  when  younger.  22.  Vaccinated  14  years  ago.  11.  Says  he  was  vaccinated 
in  childhood,  but  probably  It  did  not  "take."  28.  Vaccinated  six  weeks  previous.  20,  30.  One  week 
previous.  34.  Said  to  have  been  vaccinated  In  infancy;  scar  doubtful.  64,  A7.  Vaccinated  a  few  days 
before  illness.  60.  Forty-five  years  ago.  01, 94.  Said  to  have  been  vaccinated  in  infancy.  96.  Said  to 
have  been  vaccinated ;  imperfect  scar.  110.  Vaccinated  six  years  ago.  113.  Father  worked  la  paper 
mill.  122.  Vaccinated  ten  years  ago.  124.  Vaccinated  five  years  ago.  127.  Vaccination  seven  years  ago. 
135.  Vaccinated  one  year  ago.  136.  Vaccinated  two  years  ago.  140.  Imperfect  scar.  164.  Vaccinated 
unsuccessfully.  163.  Vaccinated  three  years  ago.  159.  Vaccinated  one  and  a  half  years  Ago,  102. 
Vaccinated  thrice.  173.  Vaccinated  twelve  years  ago.  175.  Eight  years  ago.  178.  Twelve  or  foarteen 
years  ago.  181.  Vaccinated  thirty-eight  years  ago.  182.  Twelve  years  ago.  184.  Eight  years  ago.  135. 
Twenty  years  ago. 
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The  cases  and  deaths  reported  in  the  foregoing  table  and  in  the 
table  OD  page  xviii,  together  with  similar  tables  which  have  appeared 
in  previous  reports,  do  not  include  quite  all  which  occurred  in  these 
ten  years,  since  the  law  which  requires  the  reporting  of  cases 
to  the  State  Board  of  Health  only  provides  a  penalty  in  the  case  of 
those  persons  not  reported  to  the  Board  who  have  no  settlement 
in  the  Commonwealth. 

As  compared  with  the  epidemic  of  1872-73,  and  the  still  greater 
prevalence  in  pre- vaccination  times,  the  recent  outbreak  is  scarcely 
worthy  of  mention.  But  the  collection  of  more  careful  records  dur- 
ing the  past  ten  yeard  furnishes  data  for  conclusions  as  to  the  effect 
of  better  methods  of  conti*ol. 

The  first  table  on  page  xvi  shows  the  comparative  prevalence  of 
small-pox  in  Massachusetts  for  the  past  forty  years.  The  data  pre- 
sented are  the  deaths  in  each  year,  the  percentage  of  the  total  mor- 
tality, and  the  death-rate  per  10,000  of  the  living  population. 

According  to  this  table,  it  appears  that  there  have  been  4,548 
deaths  from  small-pox  in  Massachusetts  in  the  forty  years  ending 
with  1894.  Of  this  total  of  4,548  deaths  in  the  forty-year  period, 
4,231  occurred  in  the  first  twenty  years  (1856-74),  and  317  in  the 
aecood  twenty  years  (1875-94).  The  ratio  in  the  first  instance  was 
160  per  million  of  the  population  annually,  and  in  the  second  twenty 
years  ei^ht  per  million.  For  the  decade  ending  with  1894  the  mor- 
tality from  this  cause  was  less  than  four  per  million  annually. 

The  next  table  presents  the  number  of  deaths  from  small-pox  at 
esch  period  of  life,  as  compared  with  the  total  mortality  from  this 
cause.  For  the  sake  of  comparison,  similar  facts  are  presented  for 
popolations  living  in  the  seventeenth  and  eighteenth  centuries. 
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Small-pox  in  Massachusetts* 

—  Forty  Tears  {1855-94). 

1 

1 

& 

^  d 

o 

8^ 

1 

1 

1 

si 

TSAXS. 

Deaths  from  8 
pox. 

il 

Ratio  per  10,0 
Living  Popuii 

TSAB0. 

Deaths  from  8 
pox. 

Percentage  of 
ilorUllty. 

Ratio  per  10.( 
Living  Popul 

1855,    . 

325 

1.56 

2.9 

1875,    . 

34 

.09 

.2 

1856.    . 

140 

.68 

1.2 

1876,    . 

31 

.09 

.2 

1857,    . 

23 

.11 

.2 

1877,    . 

24 

.08 

.14 

1858,    . 

12 

.10 

.1 

1878,    . 

2 

.007 

.012 

1859,    . 

255 

1.22 

2.1 

1879,    . 

7 

.02 

.04 

I860,    . 

334 

1.45 

2.7 

1880,    . 

38 

.11 

.21 

1861,    . 

33 

.14 

.3 

1881,    . 

47 

.13 

.25 

1862.    . 

40 

.17 

.3 

1882,    . 

45 

.12 

.24 

1863,    . 

42 

.15 

.3 

1883, 

5 

.01 

.03 

1864,    . 

242 

.84 

1.9 

1884,    . 

3 

.008 

.01 

1865,    . 

221 

.84 

1.7 

1885, 

19 

.i05 

.10 

1866,    . 

141 

.59 

1.1 

1886,    . 

— 

— 

— 

1867,    . 

196 

.82 

1.5 

1887,    . 

3 

.007 

.015 

1868,    . 

20 

.08 

.2 

1888,    . 

8 

.019 

.04 

1869.    . 

59 

.22 

.4 

1889,    . 

6 

.014 

.03 

1870,    . 

131 

.48 

.9 

1890, 

1 

.002 

.004 

1871,    . 

294 

1.05 

1.9 

1891,    . 

.     1 

.002 

.004 

1872,    . 

1,029 

2.94 

6.7 

1892,    , 

2 

.004 

.01 

1873,    . 

668 

1.97 

4.3 

1893,    , 

9 

.02 

.04 

1874,    . 

26 

.08 

.2 

1894,    . 

32 

.06 

.13 

Totals,     . 

4,231 

- 

- 

Totals,     . 

317 

- 

- 

Averages, 

- 

.83 

1.6 

Averages, 

- 

.04 

.08 

Deaths  from  SmaU-pox  by  Age  Periods.  —  Distribution  of  IftOO  Deaths, 


Ages. 

Geneva, 
158O-17G0. 

Kilmarnock 

(Scotland), 

1728-64. 

Maasachosetta, 
1861-98. 

Under  5  years, 

5  to  10  years, 

10  to  20  years,         .        .        .        , 
20  to  30  years,         .... 

30  to  40  years 

40  and  upward,       .        .        .        , 
Not  stated, 

805.5 

155.5 
26.5 
10. 

942 

34 
5 
5 

14 

327 

69 
118 
265 
101 
107 

13 

1,000 

1,000 

1,000 
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Statistics  giving  deaths  by  ages  are  not  abundant  for  years  prior 
to  1800.  The  foregoing  statistics,  from  authentic  records  of  Geneva 
and  from  the  very  carefully  kept  record  of  a  town  clerk  in  a  Scotch 
village,  are  believed  to  be  trustworthy.  A  comparison  of  these  figures 
for  periods  prior  to  1800  with  the  table  for  Massachusetts  for  a 
recent  period  shows  that  a  very  marked  change  has  taken  place  in 
the  comparative  mortality  at  different  ages,  and  that  some  influence 
has  been  operative  to  effect  a  very  decided  change ;  so  that  small- 
pox, which  was  almost  exclusively  a  children's  disease  prior  to  1800, 
has  in  recent  times  undergone  a  transformation,  from  the  operation 
of  some  cause  or  other.  This  change  has  not  taken  place,  so  far  as 
any  records  show,  in  the  case  of  any  other  disease. 

In  Geneva,  from  1580  to  1760,  out  of  every  1,000  deaths  from 
small-pox,  961  were  those  of  children  under  ten  years  of  age  ;  and 
in  Kilmarnock  during  the  thirty-six  years  (1728-64)  976  out  of 
each  1,000  deaths  from  small-pox  were  also  those  of  children  under 
ten. 

In  Massachusetts,  on  the  contrary,  for  the  period  1861-93,  but 
little  more  than  one-third  (396  out  of  1,000)  of  all  deaths  from 
small-pox  were  those  of  children  under  ten,  and  the  majority  were 
those  of  persons  over  ten  years  old.  The  number  of  such  deaths 
between  the  ages  of  twenty  and  thirty  was  more  than  double  the 
number  of  deaths  between  ten  and  twenty. 

Now,  this  very  decided  change  in  the  incidence  of  small-pox  at 
different  age  periods,  a  change  which  has  not  taken  place  in  the  case 
of  any  other  disease,  can  only  be  explained  by  some  influence  which 
is  exerted  upon  small-pox,  but  not  upon  other  diseases ;  and  this 
factor  is  the  practice  of  vaccination. 

When  the  population  of  a  large  city  invaded  by  small-pox  is  sub- 
jected to  a  critical  investigation,  as  was  done  by  Dr.  Barry  in  his 
searching  examination  of  the  population  of  Sheffield,  Eng.,  id  1887, 
it  was  found  to  be  possible  to  contrast  the  unvaccinated  with  the 
vaccinated  population  living  under  like  conditions  in  the  same  city ; 
and  the  result  was  precisely  similar  to  that  which  appears  in  com- 
paring a  community  living  in  the  last  century  before  vaccination  was 
practised  with  a  vaccinated  community  living  in  the  present  century 
under  an  invasion  of  small-pox. 

Had  the  327  infants  in  each  1 ,000  who  died  of  small-pox  in  Mas- 
sachusetts in  the  period  1861-93  been  successfully  vaccinated,  the 
contrast  between  the  column  for  Massachusetts  and  the  two  pre- 
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ceding  columns  taken  from  pre-vaccination  periods  would  undoubt- 
edly have  been  much  more  striking,  since  the  death  from  small-pox 
of  a  successfully  vaccinated  infant  is  an  almost  unknown  event. 

As  the  protection  afforded  by  primary  vaccination  begins  to  wane, 
and  this  well-known  immunity  is  not  re-established  by  re-vaccina- 
tion, the  deaths  begin  to  increase,  as  is  shown  in  the  column  for 
Massachusetts  by  the  figures  69,  118  and  265  for  the  successive  age 
periods  5-10,  10-20,  20-30,  these  deaths  being  made  up  partly  of 
unvaccinated  persons  who  had  not  been  exposed  to  small-pox  in 
infancy,  and  partly  of  those  who  had  been  vaccinated  in  infancy, 
but  had  never  submitted  themselves  to  re-vaccination. 

During  the  past  ten  years  very  careful  records  have  been  kept,  in 
consequence  of  a  statute  of  1883,  requiring  immediate  notice  of  all 
cases  of  small-pox  to  the  State  authorities.  From  these  records  it 
has  been  possible  to  collect  definite  evidence  relative  to  the  protec- 
tion afforded  by  vaccination  in  this  Commonwealth.  The  following 
table  presents  a  summary  of  the  cases :  — 

Small-pox  in  Massachusetts^   1885-94.*  —  Comparative  Fatality   of  the 

Vacci7iated  and  Unvaccinated, 
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1 
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1 
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2 
2 
1 
2 
7 

15 
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1 
1 
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1 

1 

1 
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IS 
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357 

19.3 

145 

165 

29.1 

27.4 

*  Tbe  reasons  for  the  slight  discrepancy  between  this  table  and  that  which  Is  glyen  on  page 
xyI  are  stated  on  page  xy. 
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Summary. 

Total  cumber  of  reported  cases  of  small-pox,  tea  jears  ending  Dec  31, 

1894 357 

Total  number  of  deaths  from  aroall-poi  in  same  period,     ....  69 

Bado  of  deaths  to  cases  (per  cent.) 19. S 

Oftbeforegoing  there  were  among  the  vaccinated  (cHses),        .        .        .  145 

Of  the  foregoing  there  were  among  the  vaccinated  (deaths),      ...  8 

lUtio  of  deaths  to  cases  among  the  vaccinated  (per  cent.) £.5 

There  were  among  the  unvaccinated  (cases) 164 

There  were  among  the  nnvaceinaled  (deaths), 48 

Buio  of  deaths  to  cases  among  the  unraccinated  (per  cent.),     .        .        .  S9.1 

There  were  among  those  in  whom  the  facts  relative  to  vaccination  were 

donbtfal  or  unknown  (cases) ,.,.....,.  47 

There  were  among  ihase  in  whom  the  facts  relative  to  vaccination  were 

doubtful  or  unknown  (deaths), 19 

Batio  of  deatlis  to  cases  among  these  (per  cent.) , 37 . 4 


tUaHIp  eflln  ratHna/td  , 
BrnMll-pox.    Katio  af 
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The  severe  epidemic  of  1872-73  is  often  quoted  by  the  opponents 
of  vaccination  to  disprove  its  efficacy ;  bat  such  statements,  however, 
have  no  value,  since  they  fail  to  show  any  definite  information  as  to 
the  comparative  mortality  from  small-pox  of  the  vaccinated  and  the 
unvaccinated.  As  a  matter  of  fact,  there  are  no  statistics  upon  this 
point  in  Massachusetts  for  years  prior  to  1885.  Hence  the  value  of 
the  foregoing  tabular  statement  may  be  recognized,  as  confirming 
similar  inquiries  made  in  other  countries.  By  this  table  it  appears 
that  the  mortality  from  small-pox  among  the  unvaccinated  was  29.1 
percent.,  as  compared  with  only  5.5  per  cent,  among  the  vaccinated, 
that  of  the  former  beinor  more  than  five  times  that  of  the  latter. 

These  357  cases  reported  in  the  ten  years  ending  with  1894  oc- 
curred in  the  followins  cities  and  towns :  — 


Boston, 138 

Holyoke, 40 

Chicopee, 81 

Worcester, 24 

New  Bedford,  .        .        .        .17 

Lowell 12 

Spring^eld, 10 

Westfield, 9 

Chelsea, 9 

Huntington, 7 

Fall  River, 6 

State  Almshouse,     ....      4 


Haverhill, 2 

Quincy, 2 

North  Adams, 2 

Brookline, 2 

Pepperell, 2 

Great  Barrington,    ....  2 
Lenox,     .        .        .        .        .        .2 

Milton 2 

Methuen, 2 

Dalton, 2 

Holden, 2 


In  the  following  cities  and  towns,  one  in  each :  Lawrence,  Lynn,  Waltham, 
Cambridge,  Melrose,  Stoneham,  Natick,  Randolph,  West  Springfield,  Marlbor- 
ough, Somerville,  Spencer,  Pittsfield,  Northborough,  Lanesborough,  Russell, 
Chester,  Belchertown,  Attleboroiigh,  Granville,  Blackstone,  Maynard,  Medway, 
Sherborn,  Adams  and  Wllliamstown. 

Thirteen  of  these  cities  and  towns  were  places  in  which  paper 
mills  using  rags  are  located ;  but  the  actual  number  of  paper-mill 
operatives  attacked  with  small-pox  was  only  19,  or  5.4  per  cent.,  a 
smaller  ratio  than  that  which  prevailed  in  earlier  epidemics.  Sev- 
eral other  persons  were  attacked  who  were  doubtless  indirectly 
exposed  to  infection  from  rags,  being  persons  of  other  occupations 
living  in  the  same  families  or  tenements  with  paper-mill  operatives. 
The  outbreak  in  Chicopee  in  1894  was  traced  to  the  neighboring 
paper-mill  city  of  Holyoke. 

Outbreaks  involving  one  or  more  cases  in  each  occurred  in  Bos- 
ton in  nine  years  out  of  the  ten-year  period ;  in  Holyoke,  in  six 
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years ;  Springfield,  four  years ;  Lowell,  three ;  Chelsea,  three ; 
Huntington,  three;  Worcester,  two;  Chicopee,  two;  Dalton,  two; 
Quincy,  two;  New  Bedford,  two;  Westfield,  two;  North  Adams, 
two ;  and  Pepperell,  two.  In  two  instances  the  occurrence  of  small- 
pox in  two  different  years  refers  only  to  the  prolongation  of  an  out- 
break from  December  of  one  year  into  the  winter  months  of  the 
following  year. 

The  sexes  of  those  cases  which  occurred  in  the  first  three  years  of 
this  period  were  not  stated.  Of  those  cases  in  the  remaining  years 
wherein  the  sex  was  stated,  169  were  males  and  139  were  females, 
or  in  the  ratio  of  129  males  to  each  100  females. 

The  nationality  of  reported  cases  was  as  follows,  so  far  as  the 
nationality  was  stated  :  — 


United  States, 
British  Provinces, 
Ireland, . 
Portugal, 


.  118 
.    86* 
.    63 
.    12 


England, 10 

Italy, 10 

Scotland, 9 


France,  . 

Germany, 

Sweden, 

Russia,  . 

Belgium, 

Finland, 


7 
4 
3 
1 
1 
1 


*  Incloding  French  Canadians,  30. 

The  occupations  of  the  persons  attacked  were  as  follows,  so  far 
as  was  stated  in  the  returns  :  — 


Operatives  in  paper  mills,    .        .    19* 
Operatives  in    other   mills   (not 
paper  mills),      ....    2dt 

Housewives, 28 

Laborers,  .        .        .        .21 

House  servants,     .        .        .        .13 
School  children,     .        .        .        .13 

Teamsters, 5 

Carpenters  and  cabinet  makers,  .      6 

Clerks, 4 

Nurses, 4 

Phjsicians, 3 


Seamen,  . 
Cigar  makers. 
Waiters,  . 
Harness  makers, 
Iron  moulders. 
Tramps,  . 
Painters,  .        • 
Weavers, 
Barbers,  . 
Book-keepers, . 
Night  watchman. 
Shoemakers,    . 


4 
4 
4 
3 
3 
8 
2 
2 
2 
2 
2 
2 


Of  the  following  occupations  one  each :  farmer,  milk  pedler,  baker,  engineer, 
mechanic,  draughtsman,  yachtsman,  morocco  worker,  nickel  plater,  stone  cutter, 
bricklayer,  plumber,  butcher,  bartender,  telegraph  operator,  school  teacher,  rub- 
ber worker,  machinist,  expressman,  fishmonger,  whip  maker,  brass  worker,  book- 
binder, salesman,  errand  boy,  hostler,  bootblack,  corset  maker,  overseer  of  public 
institution. 

*  Females,  18 ;  males,  1*  t  Females,  17 ;  males.  6. 
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Small'pox  by  Ages f  and  with  regard  to  Vaccination.  — ThefoUow- 
iDg  table  embraces  the  statistics  of  the  cases  and  deaths  from  small- 
pox by  ages  for  the  vaccinated  and  anvaccinated  and  for  the  cases 
and  deaths  in  which  the  facts  as  to  vaccination  were  unknown  or 
doubtful.  These  relate  only  to  those  cases  and  deaths  which  oc- 
curred in  the  seven  years  1888-94 :  — 


Small'pox,  —  Cases  and  Deaths  in  the  Vaccinated  and  Unva^natedj  Massa- 
chusetts^ 1888-94  (Seven  Years), 


AOKS. 


0-  1  year,  . 

1-  5  years, . 
6-10  years, . 

10-16  years, . 
16-20  years, . 
20-30  years, . 
30-40  years, . 
40-60  years, . 
Over  60  years, 
Age  unkDown, 


Vaccivatbd. 


Caiei. 


4 

1 

18 

17 

61 

16 

16 

9 

3 


130 


Deaths. 


1 
3 
3 
1 


8 


Umvaocimatbd. 


Caaea. 


17 

36 
17 

6 
18 
S3 
16 

3 


146 


Deaths. 


9 
6 


4 

10 

6 

2 


36 


Doubtful 
OS  (Jmkkow-k. 


Caaea. 


2 
6 
12 
1 
3 
3 
4 


31 


Deatha. 


2 

4 
1 


8 


Totals. 


Caaea. 


17 
40 
18 
21 
41 
88 
32 
22 
12 
8 


307 


Deatha. 


9 
6 
0 
0 

7 
17 
9 
3 
1 
0 


42 


The  foregoing  table  contains  much  that  is  suggestive  as  to  the 
efficiency  of  vaccination. 

No  vaccinated  child  under  one  year  of  age  was  attacked  with  small- 
pox, while  there  were  17  attacks  of  un vaccinated  infants  under  one, 
and  of  these  9  died,  or  53  per  cent. 

Among  vaccinated  persons  under  fifteen  years  of  age  there  were 
18  attacks  and  no  deaths. 

Among  unvaccinated  persons  under  fifteen  years  old  there  were 
76  attacks  and  15  deaths,  or  19.7  per  cent. 

Among  vaccinated  adults,  or  persons  over  fifteen  years  old,  there 
were  109  attacks  and  8  deaths,  or  7.3  per  cent. 

Among  unvaccinated  adults  over  fifteen  years  old  there  were  66 
attacks  and  21  deaths,  or  31.8  per  cent. 

It  is  also  worthy  of  note  that  39  school  children,  or  children  of 
school  ages  (5-15)  were  attacked,  and  of  this  number  23  were  un- 
vaccinated.    Out  of  this  whole  number  (39),  there  were  no  deaths, 
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this  being  the  period  of  life  in  which  the  specific  intensity  of  life  is 
greatest,  t.  e.,  the  power  to  resist  fatal  attacks  of  disease. 

Out  of  the  whole  number  of  adults  (109)  who  were  recorded  as 
having  been  vaccinated,  76,  or  nearly  70  per  cent.,  were  recorded 
as  vaccinated  in  infancy  only;  and,  judging  from  the  carefully 
recorded  statistics  of  the  German  government,  it  is  safe  to  presume 
that  the  8  deaths  of  vaccinated  adults  occurred  among  this  class 
exclusively. 

Small-pox  MoRTALrrr. 


Skan  Bvme  dy  Childr^m  umdtr 
10  rears  9f  Age. 


Shars  Burnt  b\f  Ptrsom  over  10  Tean  ^  Ag4. 


41.7%         


100%- 


w/////////////////^^^^^ 


Tbe  Tipper  line  of  the  diagram  refers  to  the  nnvMcliiated,  and  tbe  lower  Hoe  to  the  Taeetoated 


It  is  also  worthy  of  note,  as  shown  in  the  foregoing  diagram,  that 
all  of  the  deaths  of  the  vaccinated  were  among  adults,  while  among 
the  anvaccinated  15  deaths,  or  nearly  42  per  cent,  of  tbe  deaths  of 
iheunvaocinated,  occurred  among  children  under  ten  years  of  age. 
These  facts  show  unmistakably  the  saving  of  child  life  through  vac- 
cination. 
It  is  to  be  regretted  that  statistics  relative  to  revaccination  could 

not  be  included  in  the  foregoing  tables. 

Typhoid  Fever. 

The  mortality  from  typhoid  fever  in  Massachusetts  has  diminished 

with  a  comparatively  uniform  rate  during  the  past  thirty  years  or 

more,  and  the  rapidity  of  its  diminution  may  be  taken  as  an  index 

oi  progress  in  the  introduction  of  public  water  supplies  throughout 

tbe  State. 

The  dd  and  once  accepted  theory  of  its  intimate  connection  with 
'periods  of  deficient  rainfall  and  of  consequent  low  water  in  wells  and 
streams  does  not  appear  to  be  boi*ne  out  by  the  experience  of  Massa- 
chusetts, since  the  disease  has  prevailed  with  about  the  same  fre- 
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quency  in  years  of  delScient  as  well  as  of  abundant  rain,  and  some 
of  the  most  severe  epidemics  have  occurred  in  January  and  February, 
when  the  rainfall  was  abundant.  The  general  tendency,  however, 
in  a  succession  of  years  has  been  in  the  direction  of  a  decrease  in  its 
frequency. 

The  Board  has  been  called  to  investigate  a  few  limited  epidemics 
during  the  year  1894,  an  account  of  one  of  which  is  presented  in  the 
present  report,  by  Prof.  W.  T.  Sedgwick,  whose  excellent  papers  in 
the  report  of  1892  upon  the  same  subject  are  well  known. 

Haverhill. — The  following  statement  relates  to  a  limited  outbreak 
of  illness  which  occurred  in  a  shoe  factory  in  Haverhill,  situated  upon 
the  bank  of  the  Merrimack  River,  near  the  railroad  bridge.  State- 
ments in  regard  to  the  matter  first  appeared  in  the  newspapers,  and 
about  the  same  time  a  letter  was  received  from  a  workman  in  the 
factory,  who  stated  that  he  had  been  ill  for  several  weeks,  and  attrib- 
uted his  illness  to  the  water  used  for  drinking  at  the  factory  in 
question.  On  inquiring  at  the  factory  it  appeared  that  previous  to 
Jan.  20,  1894,  the  water  used  there  was  that  of  the  city  supply. 
About  this  time  (January  20)  a  supply  of  water  was  introduced  to 
this  factory  direct  from  the  river.  Many  of  the  operatives  drank 
of  this  water,  and  a  considerable  number  (25  or  30)  were  taken 
ill  and  remained  ill  for  varying  periods  of  time.  At  the  time  of  the 
visit  of  the  secretary,  in  March,  one  man  then  seen  was  convalescing 
from  an  attack  of  typhoid  fever,  who  had  been  an  operative  in  this 
factory,  and  was  taken  ill  a  few  days  after  drinking  the  water. 

Several  physicians  confirmed  the  statement  as  to  the  effect  upon 
the  operatives  of  drinking  this  water. 

A  public  city  sewer  discharges  its  contents  a  short  distance  only 
above  the  point  from  which  this  water  was  taken. 

The  water  had  been  introduced  by  the  owners  of  the  building 
without  notifying  either  the  tenants  or  the  operatives  as  to  its  source 
or  the  danger  of  using  it  for  drinking.  The  severe  lesson  which  had 
been  taught  higher  up  in  the  same  river  at  Lowell  and  Lawrence 
appears  to  have  had  no  effect  upon  the  owners  of  this  property  at 
Haverhill. 

The  State  Board  of  Health,  upon  learning  these  facts,  recom- 
mended the  board  of  health  of  Haverhill  **  to  put  up  a  warning 
notice  over  each  faucet  where  the  water  of  the  Merrimack  River  is 
provided,  stating  that  the  use  of  such  water  for  drinking  purposes 
is  dangerous.     The  observations  of  the  Board  show  that  the  use  of 
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such  water  bas  in  many  instances  been  attended  with  serious  illness 
and  loss  of  life/'  The  board  of  health  of  Haverhill  complied  with 
the  advice  of  the  State  Board,  and  issued  a  regulation  in  conformity 
with  its  recommendation. 

ITcn^ih  JSaston. — The  Board  was  requested  (Sept.  6,  1894)  to  in- 
vestigate the  circumstances  of  a  limited  outbreak  of  typhoid  fever  in 
North  Easton.  The  secretary  visited  North  Easton  soon  after  the 
receipt  of  information  from  that  town,  and  upon  conference  with  the 
local  board  of  health  and  physicians  found  that  the  number  of  cases 
was  small.  Some  of  these  cases  having  occurred  upon  the  route  of  a 
milkman,  on  visiting  his  dairy  it  appeared  that  he  produced  most  of 
the  milk  which  he  sold  in  North  Easton  from  a  herd  of  twenty-two 
cows,  and  obtained  the  balance  from  a  farmer  who  lived  about  a  mile 
distant.  Both  of  these  dairies  were  in  good  condition,  there  had  been 
no  illness  at  either,  and  there  was  no  reason  to  believe  that  the  cases 
owed  their  origin  to  the  milk  supply. 

Cambridge,  —  In  the  latter  part  of  October  it  was  reported  by  the 
board  of  health  of  Cambridge  that  several  cases  of  typhoid  fever  had 
occurred  on  the  route  of  a  milkman  who  furnished  a  large  number  of 
customers.  His  depot  or  place  from  which  the  milk  was  issued  was  in 
West  Somerville.  The  secretary  visited  this  place  Nov.  5, 1895.  The 
milk  dealer  supplied  three  or  four  hundred  families  with  about  sixty 
cans  of  milk  daily.  The  milk  is  collected  by  a  collector  from  the 
towns  of  Bedford  and  Concord,  Mass.,  and  when  received  is  put 
into  a  large  tin  mixer,  capable  of  holding  one  hundred  gallons  or 
more.  In  continuance  of  this  investigation,  visits  were  made  the 
same  week  to  the  different  dairies  in  Bedford  and  Concord,  which 
supplied  the  milk  route  in  Somerville,  and  to  the  physicians  in  those 
towns.  It  did  not  appear  that  any  illness  had  occurred  upon  the 
farms  which  regularly  supplied  milk  to  the  Somerville  milk  dealer 
which  could  in  any  way  account  for  the  outbreak. 

On  further  inquiry,  it  appeared  that  a  small  dairy  near  the  Shady 
Hill  Nursery,  on  the  line  of  a  branch  of  the  Boston  &  Maine  Rail- 
road, occasionally  furnished  a  few  cans  of  milk  in  times  of  defi- 
ciency, which  were  supplied  to  the  Somerville  milkman.  In  the 
family  of  the  owner  of  this  small  dairy  there  had  been  a  case  of 
•*  gastritis"in  a  young  girl,  not  believed  to  be  typhoid  fever,  and  later 
other  mild  cases  of  illness  in  the  same  family,  not  requiring  medical  at- 
tendance. The  date  of  this  case  of  <<  gastritis  "  was  September  13-23. 
The  next  house  was  occupied  by  a  man  and  wife  and  nine  boarders, 
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the  latter  being  employed  at  the  nursery.  Out  of  this  family  of 
eleven  persons  nine  had  been  ill  with  typhoid  fever,  their  illness 
continuing  from  about  August  20  till  the  last  of  October.  The  milk 
for  the  use  of  this  family  was  supplied  for  most  of  this  time  by  the 
small  dairy  adjoining  the  nursery.  The  connection  of  these  cases 
with  the  milk  supply  referred  to  is  not  clear,  but  the  nearness  of  the 
two  houses  and  the  visits  of  convalescing  or  ambulant  cases  from  the 
boarding-house  to  the  dairy  in  question,  and  possibly  to  the  cow 
stables,  would  seem  to  afford  at  least  a  probable  explanation  of  the 
contamination  of  the  milk  supply.  The  contractor  was  advised  to 
cease  taking  milk  from  this  source  for  a  definite  period. 

For  convenience  of  reference  the  table  published  on  page  xii  of 
the  twenty-third  annual  report  of  the  Board  is  repeated  herewith, 
with  the  addition  of  the  figures  for  the  three  years  1891-93  :  — 
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Offensive  Trades. 

During  1894  two  petitions  were  received  requesting  the  consider- 
ation of  the  Board  under  the  provisions  of  the  offensive  trade  Acts. 

The  two  establishments  referred  to  in  these  petitions  were  located 
in  the  city  of  Wobum.  The  first  was  the  establishment  of  the 
Butchers'  Rendering  Association,  located  near  the  eastern  boundary 
of  Wobum,  and  a  few  rods  south  of  Cedar  Street.  The  complain- 
ants were  residents  of  Woburn  and  Stoneham,  most  of  whom  lived 
within  a  half-mile  of  the  works.  The  establishment  consisted  of  one 
wooden  building,  containing  the  usual  apparatus  for  rendering  the 
refuse  products  of  meat  markets,  which  were  collected  in  the 
neighboring  towns  and  were  brought  to  the  works  for  disposal. 
The  processes  conducted  In  the  building  were  those  of  rendering 
bones  and  grease,  the  making  of  tallow,  the  drying  of  the  refuse  for 
conversion  into  fertilizers,  and  the  burning  of  clay  or  marl.  The 
liquid  matter  from  the  rendering  tanks  was  conducted  through  an 
iron  pipe  to  some  trenches  made  in  a  gravel  bed  a  few  rods  north  of 
the  works. 

The  principal  exhalations  of  foul  odor  appeared  to  arise  from  the 
discharge  of  the  contents  of  the  tanks  when  they  were  daily  opened, 
from  the  drying  of  the  refuse  and  from  the  decomposition  of  the 
liquid  in  the  trenches.  The  trenches  were  covered  with  gravel  to  a 
depth  of  two  or  three  feet,  but  the  foul  odor  came  up  through  the 
gravel  and  was  conveyed  by  the  winds  toward  the  neighboring 
houses.     This  appeared  to  be  the  source  of  the  most  offensive  odor. 

In  compliance  with  the  provisions  of  the  statutes  (chapter  80, 
section  93,  Public  Statutes),  a  hearing  was  given  by  the  Board  at 
its  office  on  June  7,  1894,  at  which  the  petitioners  and  the  associa- 
tion were  represented  by  counsel  and  several  witnesses. 

As  a  result  of  this  hearing,  it  was  Voted ^  **That  the  Butchers' 
Rendering  Association  be  advised  to  modify  and  improve  its  present 
methods  of  operation  at  its  works  in  Woburn,  and  that  further  con- 
sideration of  the  matter  of  the  petitioners  be  continued  until  the  first 
Thursday  of  July  next." 

Upon  receipt  of  this  communication  the  association  took  measures 
to  improve  its  methods  of  work.  The  interior  of  the  building  was 
put  in  more  cleanly  condition,  and  apparatus  was  purchased  for  the 
more  satisfactory  treatment  of  the  material.  The  use  of  sulphuric 
acid   in  the    trenches  outside  the  building  was  abandoned,    and 
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chloride  of  lime  was  substituted.  A  larger  and  deeper  trench  was 
dug  and  covered,  and  the  liquor  was  conducted  into  it.  The  foul  odor 
from  this  trench  was  now  evidently  the  chief  source  of  annoyance, 
and,  although  it  was  not  so  serious  as  it  had  been  when  the  smaller 
trench  was  used,  an  extremely  offensive  stench  still  continued  to  arise 
through  the  gravel. 

About  this  time,  Oct.  1,  1894,  the  works  were  destroyed  by  fire, 
and  all  operations  and  consequently  all  further  nuisance  ceased  at 
this  establishment. 

In  November,  1894,  a  petition  was  received  from  the  board  of 
health,  selectmen  and  one  hundred  and  fifty  citizens  of  Reading, 
requesting  that  the  nuisance  caused  by  the  Pantasote  works  at  North 
Woburn  should  be  abated.  Complaint  had  already  been  made  to 
the  board  of  health  of  the  city  of  Woburn  in  March,  1893,  to  the 
same  effect,  and  a  temporary  cessation  of  operation  at  these  works 
followed  for  nearly  a  year  and  a  half. 

The  establishment  is  located  in  the  north-east  part  of  Woburn, 
near  Wilmington  and  Reading,  west  of  the  Boston  &  Maine  Rail- 
road, Lowell  division,  and  quite  near  the  Merrimac  Chemical  Works. 
The  process  conducted  here  was  the  boiling  of  linseed  oil  at  a  high 
temperature  (500°  F.  or  more).  An  extremely  pungent  and  offen- 
sive odor  was  given  off,  which  was  even  more  offensive  at  a  distance 
than  it  was  in  the  immediate  neighborhood  of  the  works.  This 
process  is  distinctly  recognized  as  an  offensive  trade  in  Ballard's 
efiluvium  nuisances,  and  is  subject  to  strict  regulations  in  England. 

All  of  the  complainants  lived  in  Reading,  at  a  distance  of  between 
one  and  two  miles  from  the  works,  while  the  odor  had  been  dis- 
tinctly recognized  in  other  towns  at  a  distance  of  four  miles  and 
more  when  the  wind  favored. 

On  Nov.  20,  1894,  the  secretary  visited  the  establishment,  in 
company  with  the  board  of  health  of  Woburn,  and  while  the  work 
was  in  operation.  As  a  result  of  this  visit,  and  in  compliance  with 
the  petition,  a  hearing  was  appointed  for  Dec.  1,  1894;  but  before 
the  date  of  the  hearing  the  board  of  health  of  Woburn  issued  an 
order  prohibiting  the  further  exercise  of  the  business,  and  the 
annoyance  ceased.  - 

Green  Harbor  River. 

A  petition  was  received  in  September  from  citizens  of  Marshfield 
living  at  Green  Harbor  River  upon  the  sea-shore  in  that  town,  hav- 
ing reference  to  certain  conditions  existing  at  that  place  since  the 


XXX  STATE  BOARD  OF  HEALTH.  [Jan. 

construction  of  a  dike,  which  was  built  across  the  river  or  estuary 
about  twenty  years  since.  This  dike  was  built  under  the  proTiaions 
of  chapter  303  of  the  Acts  of  1871,  and  had  for  its  object  the  re- 
claiming of  a  tract  of  salt  marsh,  having  an  area  of  two  or  three 
square  miles.  The  desired  object  was  accomplished,  this  tract 
being  transformed  into  a  fresh-water  region.  As  a  result,  however, 
the  harbor  below  the  dike  has  become  very  much  shallower  than 
before,  and  above  the  dike  in  the  various  creeks  and  inlets  an 
abundant  growth  of  algsB  in  summer  produces  an  offence  to  the  eye 
and  to  the  sense  of  smell.  It  was  to  this  latter  condition  that  atten- 
tion was  particularly  directed  in  the  petition. 

It  did  not  appear,  upon  examination,  that  the  health  of  the  neigh- 
boring population  had  been  affected  by  the  existing  condition  of  the 
marshes  and  creeks  above  the  dike,  nor  that  this  condition  was  likely 
to  prove  harmful  in  the  future.  For  the  other  condition  —  the  silt- 
ing of  the  harbor  below  the  dike  —  an  adequate  remedy  is  provided 
in  the  statute  which  authorized  its  construction. 

Impure  Ice. 

In  1886,  the  following  statute  was  enacted,  having  for  its  object 
the  prevention  of  the  sale  of  impure  ice :  — 

[Acts  of  1886,  Chapter  287,  Sbctiow  1.] 

Upon  complaint  in  writing  of  not  less  than  twenty-five  consumers  of  ice 
which  is  cut,  sold  and  held  for  sale  from  any  pond  or  stream  in  this  Com- 
monwealth, alleging  that  said  ice  is  impure  and  injurious  to  health,  the 
state  board  of  health  may  appoint  a  time  and  place  for  hearing  parties  to 
be  affected  and  give  due  notice  thereof  to  such  parties,  and  after  such  hear- 
ing said  board  may  make  such  orders  concerning  the  sale  of  said  ice  as  in 
its  judgment  the  public  health  requires. 

The  two  remaining  sections  of  the  law  provided  for  an  injunction 
to  enforce  such  orders  and  for  the  right  of  appeal  to  a  jury. 

In  August,  1894,  a  petition  was  received  from  summer  residents  at 
Clifton  in  Marblehead,  having  the  required  number  of  signatures, 
asking  the  Board  to  investigate  the  ice  supply  of  that  place,  which 
was  procured  from  Ware's  Pond,  a  small  body  of  water  in  Marble* 
head  near  Swampscott.  A  death  had  occurred  at  Clifton  from 
typhoid  fever  among  the  persons  using  this  ice,  and  attention  had  been 
attracted  to  this  pond  as  a  possible  source  of  illness.     An  investiga- 
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tion  of  the  pond  and  its  sarrouadings,  and  an  analysis  of  the  water 
and  ice  were  made  by  the  Board. 

The  pond  is  a  small  one,  having  an  area  of  about  four  or  five 
acres.  It  is  shallow,  and  the  bottom  is  muddy.  It  is  near  the  rail- 
road tracky  and  a  few  rods  from  the  sea-shore.  A  short  distance  to 
the  west  is  another  pond  of  smaller  size  and  similar  character.  The 
immediate  borders  of  these  ponds  consist  of  meadow  land,  and  on  the 
Boath  side  there  is  a  small  wooded  swamp.  On  the  immediate  water- 
shed of  these  ponds  are  not  more  than  a  half-dozen  houses,  none  of 
which  drain  directly  to  the  ponds*  There  is  also  one  large  stable 
north  of  Ware's  Pond. 

The  ice  supply  was  exhausted  in  August,  and  the  local  dealer  was 
obliged  to  go  to  New  Hampshire  for  an  additional  supply ;  hence  at 
the  time  of  the  investigation  in  the  autumn  no  ice  remained  for 
examination.  A  sample  of  water  was  then  taken  for  analysis,  and 
as  soon  as  the  ice  had  acquired  a  thickness  sufficient  for  cutting 
(twelve  inches),  a  sample  of  ice  was  taken  (Jan.  15,  1895).  The 
following  is  the  result  of  the  analysis  of  the  water  and  ice :  — 
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No.  Jilil.  PoDd.   SMnpIe  of  water  collected  Oct.  16, 1694. 
Ko.  19689.  Top  of  cake  eoow  lee.    Sample  of  loe  collected  Jan.  16, 1895. 
BTo.  13686.  Bottom  of  cake  clear  loe.    Sample  of  ice  collected  Jao.  15, 1895. 

The  onn^  ratio  of  chlorine  in  thla  sample  Is  readily  acoouoted  for  by  the  proximity  of  this  pood 
tolhei 
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As  a  result  of  this  investigation  and  analysis,  the  Board  found  no 
reason  to  believe  that  the  ice  of  Ware's  Pond  had  proved  injurious 
to  health.  It  was,  however,  required  that  the  local  dealer  should 
follow  certain  directions  to  insure  a  crop  of  ice  of  good  quality ; 
namely,  that  the  pond  should  not  be  flooded  over  existing  ice,  for 
the  purpose  of  obtaining  thicker  ice,  and  that  the  upper  two  inches 
of  ice  should  be  shaved  off  and  rejected. 

Notification  op  Infectious  Diseases. 

The  laws  relating  to  the  notification  of  infectious  diseases  have 
been  revised  from  year  to  year,  and  are  now  in  a  more  efficient  form 
than  ever  before. 

The  early  laws  requiring  notice  to  be  given  by  householders  and 
physicians  in  cases  of  small-pox  or  other  diseases  dangerous  to  the 
public  health  were  amended  in  1884  by  specifying  also  diphtheria 
and  scarlet-fever. 

A  further  amendment  required  the  disinfection  of  rooms  occupied 
and  articles  used  by  the  sick. 

A  later  amendment  required  the  physician  to  give  notice  in  writ- 
ing over  his  own  signature. 

The  Statutes  of  1884,  chapter  98,  also  required  boards  of  health 
to  keep  records  of  cases  of  infectious  diseases,  and  to  give  notice  of 
such  cases  to  the  school  committees.  It  also  required  the  Secretary 
of  State  to  furnish  the  blank  record  books  for  recording  such  cases 
of  illness. 

By  the  Statutes  of  1893  it  was  still  further  required  that  the  local 
boards  of  health  should  notify  the  State  Board  of  the  occurrence  of 
all  cases  of  diseases  dangerous  to  the  public  health  which  had  within 
twenty-four  hours  been  reported  to  such  local  boards  of  health.  This 
law  of  1893  has  therefore  been  in  operation  a  year  and  a  half,  and 
affords  a  useful  method  of  obtaining  frequent  information  as  to  the 
prevalence  of  infectious  diseases  throughout  the  State.  Definite 
information  as  to  the  operation  of  this  law  may  be  found  under  the 
title  of  Infectious  Disease  Notification  in  the  following  pages. 

Trichinosis. 

Since  the  occurrence  of  the  two  outbreaks  of  trichinosis  which 
occun-ed  in  Colerain  and  in  Boston  in  the  winter  of  1892,  compris- 
ing about  fifty  cases  and  five  deaths,  no  further  cases  have  been 
reported  in  the  State.     The  Board  has,  however,  continued  its  inves- 
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tigatioDs  as  to  the  causes  of  the  disease,  which  were  made  the  sub- 
ject of  a  report  by  Prof.  E.  L.  Mark  of  Cambridge  in  the  twentieth 
annual  report  of  the  Board  (p.  713).  These  additional  investiga- 
tions have  been  conducted  at  one  of  the  State  institutions,  and  pre- 
sent valuable  information  relative  to  the  effects  of  careful  methods  of 
feeding  in  reducing  the  extent  of  trichinosis  in  swine.  It  is  pro- 
posed to  repeat  the  same  series  of  experiments  at  another  State 
institution* 
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The  Vital  Statistics  of  Massachusetts  for  1893. 


By  the  Secretary  of  the  Board. 


Among  the  duties  which  were  proposed  and  carefully  defined  by 
the  Massachusetts  Sanitary  Commission  of  1850  as  properly  belong- 
ing to  a  general  or  State  board  of  health,  special  prominence  was 
given  to  that  of  supervising  the  vital  statistics  of  the  State. 

The  intimate  connection  between  the  vital  statistics  of  a  State  or 
nation  and  its  public  health  must  be   everywhere  acknowledged , 
since  the  former  constitutes  the  only  accurate  measure  of  the  effi- 
ciency with  which  public  health  measures  have  been  administered. 
An  annually  increasing  demand  made  upon  the  Board  for  informa- 
tion relative  to  the  vital  statistics  of  the  State  makes  it  necessary  to 
supply  this  information  through  the  annual  reports  of  the  Board. 

Dr.  Billings,  the  highest  American  authority  upon  the  subject, 
says :  <'  My  observation  of  the  progress  of  public  health  work  in 
this  and  in  other  countries  for  the  past  twenty  years  leads  me  to  be- 
lieve that  this  progress,  in  any  locality,  for  any  considerable  length 
of  time,  depends  on  the  completeness  of  its  vital  statistics,  and  the 
Qse  that  is  made  of  them''  (<< Transactions  of  American  Public 
Health  Association,"  Vol.  15,  1880,  page  43). 

Id  the  introduction  of  improved  methods  in  the  presentation  of  the 
following  summary  it  has  been  the  aim  of  the  compiler  to  secure 
clearness  and  simplicity  in  the  methods  adopted,  and  to  bring  them 
into  line  with  those  of  other  countries,  in  order  that  comparison  may 
thereby  be  more  readily  made.     The  compiler  acknowledges  his 
indebtedness  to  M.  Korosi  of  Budapesth  for  valuable  advice.     To 
him  the  world  owes  much  for  his  earnest  efforts  in  securing  inter- 
na tional  aniformity  in  the  method  of  presentation  of  statistics. 

2few  Features  in  the  Following  Summary. 

Beginoing  with  1855,  a  table  appears  in  the  registration  reports 
of  Massachusetts  which  presents  the  numbers  of  persons  dying  in 
each  je&T  from  certain  diseases,  by  sexes,  months  of  the  year  and 
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ages  of  life.  Othet  tables  are  appended  in  the  reports  of  the  follow- 
ing years  in  which  the  same  facts  are  presented  for  a  group  of  years. 
The  percentages  of  deaths  in  each  sex  were  also  given,  the  percent- 
ages of  deaths  in  each  month ,  and  also  those  of  each  age  period,  as 
compared  with  the  total  mortality.  The  fallacy  of  employing  the 
total  mortality  as  the  only  standard  of  comparison  has  been  so  fre- 
quently pointed  out  *  that  it  was  deemed  best  in  1887  to  introduce  a 
new  table,  in  which  the  deaths  at  each  age  of  life  are  compared  with 
the  living  population  of  the  same  age. 

These  important  and  valuable  tables  are  now  reproduced  in  this 
Summary,  and  have  been  still  further  improved  by  the  comparison  of 
the  deaths  by  sexes  in  the  same  manner  with  the  living  population  of 
each  sex.  The  effect  of  the  inequalities  in  the  lengths  of  the  months 
is  eliminated  by  adopting  a  standard  of  equal  lengths  of  time  in  each 
month,  and  of  reducing  the  numbers  of  deaths  in  such  uniform 
divisions  of  time  to  a  standard  of  100,  which  answers  the  pur- 
pose, since  the  object  in  such  a  seasonal  table  is  not  to  deter- 
mine the  absolute  number  of  deaths  from  a  given  cause  in  each 
month,  but  the  relative  intensity  of  a  given  disease  or  cause  of 
death  as  shown  by  the  mortality  in  these  different  portions  of  the 
year. 

The  difference  in  the  two  methods  becomes  most  apparent  so  far 
as  seasonal  prevalence  is  concerned  in  the  case  of  a  disease  which, 
like  consumption,  shows  a  comparatively  uniform  mortality  through- 
out the  year. 

The  same  method  has  been  employed  in  treating  the  monthly 
distribution  of  marriages,  births  and  deaths,  and  is  nearly  iden- 
tical with  that  which  is  employed  by  Dr.  R.  Bockh,  director  of 
the  statistical  office  of  the  city  of  Berlin,  in  his  comprehensive  year 
book. 

It  is  deemed  advisable  to  omit  altogether  from  the  discussion  of 
diseases  the  comparison  with  the  total  mortality,  and  to  give  only 
the  ratio  to  the  living  population,  except  in  Table  24,  relating  to  the 
statistics  of  certain  causes  of  death  (1874-93). 

Comparison  with  the  living  population  can  be  made  with  com- 
parative accuracy  in  Massachusetts  in  consequence  of  the  fact  that 

*  See  papers  of  Dr.  W.  E.  Smtth  on  consumption  and  pneumonia  in  Mafisachnsetts,  in 
**  Transactions  of  Massachusetts  Medical  Society/'  1887;  and  by  Dr.  £.  Farnham  on  consump- 
tion in  Cambridge,  in  "Transactions  of  Massachusetts  Association  of  Boards  of  Health,*' 
Vol.  IV.,  1894. 
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a  census  is  here   made  every  five  years,  either   by   the  State  or 

national  goverDmenty  and  within  the  limits  of  a  five-year  period  it 

is  not  difficult  to  estimate  the  population  of  each  year  with  a  fair 

degree  of  accuracy.     The  annual  rate  of  growth  for  a  century  has 

never  been  less  than  one  per  cent.,  except  in  the  war  period  1860- 

65,  when  it  was  about  one-half  of  one  per  cent.,  and  but  once  was  it 

above  three  per  cent,  (in  the  period  1840-50). 

Another  feature  of  importance  is  the  table  of  vital  statistics  of 
cities  and  towns  having  over  10,000  inhabitants,  which  embraces  the 
period  of  three  years,  1891-93.  The  fact  that  the  urban  popula- 
tion (cities  and  towns  over  10,000)  had  grown  from  a  percentage 
of  less  than  one-fourth  of  the  total  population  in  1840  to  more  than 
65  per  cent,  in  1890  sufficiently  explains  the  importance  of  this 
table.  A  portion  of  the  statistical  tables  for  counties  is  presented ; 
but  the  rapidly  increasing  prominence  of  the  urban  population  makes 
it  essential  to  devote  a  greater  amount  of  space  to  the  municipalities 
having  over  10,000  population  in  each. 

Becent  discussions  upon  infant  mortality  have  also  made  it  desira- 
ble to  present  this  important  portion  of  the  subject  with  more  than 
ordinary  fulness  of  detail ;  the  death  rates  of  children  from  all  causes 
and  from  several  of  the  diseases  of  childhood  are  for  the  first  time 
presented  for  each  separate  year  of  life  up  to  five  years. 

The  legislative  discussions  upon  tuberculosis  have  induced  us  to 
introduce  a  comparatively  greater  number  of  carefully  prepared  sta- 
tistics in  regard  to  this  disease. 


General  Summary. 

The  number  of  registered  marriages  in  1893  was  22,814,  the 
births  were  67,192  and  the  deaths  were  49,084.  The  still-births 
numbered  2,444. 

The  ratios  to  the  estimated  living  population  were  as  follows  :  — 

rtrl,OO0L 

Marriageiate, 9.86 

Persons  married. 18.71 

Birthwe, 27.66 

Deathnte, 20.13 

Excess  of  birthrate  over  death  rate, 7.42 
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International  Vital  Statistics. 

In  Table  1  are  presented  the  marriage,  birth  and  death  rates 
of  the  New  England  States  and  those  of  the  principal  countries  of 
Europe  having  registration  for  a  period  of  twenty  years  (1871-90) 
and  for  the  years  1892  and  1893. 

The  six  New  England  States  had  in  1890  a  population  of  4,700,745, 
the  estimate  for  1893  being  a  little  more  than  5,000,000,  and  all  the 
countries  embraced  in  this  summary  had  about  265,000,000  at  the 
latest  census. 

The  estimates  of  population  upon  which  the  ratios  for  each  country 
are  based  are  made  by  the  authorities  having  in  charge  the  registra- 
tion of  these  countries.  Those  of  the  New  England  States  are 
based  upon  the  census  of  1890,  and  the  rate  of  growth  in  the  pre- 
ceding intercensal  period. 


Population. 

"  Population,  as  the  natural  basis  of  all  vital  statistics,  necessarily  demands  pre- 
liminary consideration  in  any  work  dealing  with  that  subject/*  —  Da.  Fakr. 

The  population  of  Massachusetts  in  1890,  as  enumerated  by  the 
United  States  census  officials,  was  2,238,943. 

Sex.  — Of  this  number,  1,087,709  were  males  and  1,151,234  were 
females. 

Age. — Table  2  presents  the  6gures  of  six  census  enumerations 
of  the  State  by  age  periods,  with  the  percentages  at  each  age 
period.  The  total  numbers  of  each  sex  are  also  given,  with  the 
percentages  of  each.  The  table  shows  that  the  percentages  of 
males  and  females  were  more  nearly  alike  at  the  census  of  1890 
than  at  either  of  the  preceding  census  enumerations,  being  in  the 
ratio  of  1,000  males  to  1,058  females,  as  compared  with  1,000  males 
to  1,076  females  as'the  mean  of  the  six  census  enumerations.  The 
percentages  of  persons  living  at  the  two  age  periods  under  five,  and 
five  to  nine,  had  diminished,  while  those  of  the  agd  periods  above 
twenty  years  had  increased,  —  a  fact  which  is  probably  not  due  to  a 
diminishing  birth  rate,  but  to  an  increased  accession  by  immigration 
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at  the  later  age  periods.  The  birth  rates  have  slightly  increased 
from  1880  to  1890. 

In  this  table  the  censas  figares  are  presented  without  correction 
or  adJQstment. 

The  population  of  the  counties  in  1890  was  as  follows  :  — 


Barnstable, .... 

29,172 

Hampshire, 

51359 

Berkshire,  .... 

81,108 

Middlesex,  .... 

431,167 

Bristol,       .... 

186,466 

Nantucket,  .... 

3,268 

Dakea,.       .... 

4,869 

Norfolk 

118,950 

Essex, 

299,995 

Plymoath,  .... 

92,700 

Franklin,     .... 

88,610 

Suffolk,       .... 

484,780 

Hampden,   .        . 

i 

185,713 

1  Worcester,  .... 

1 

280,787 

Thb  State, 


2,238,943 
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In  the  section  of  this  summary  which  treats  of  deaths,  the  figures 
for  the  first  five  years  of  life  for  the  census  of  1890  have  been  redis- 
tributed or  adjusted,  in  order  to  estimate  the  death  rates  at  each 
separate  year  of  life  up  to  five  years  from  all  causes,  and  for  certain 
of  the  destructive  diseases  of  childhood  with  greater  accuracy.  For 
this  purpose  the  general  principles  laid  down  in  Mr.  E.  B.  Elliott's 
article  in  the  second  volume  of  the  ninth  census  have  been  employed. 
(See  further  discussion  of  this  subject  under  the  title  of  Deaths  by 
Ages.) 

The  estimate  of  the  population  of  Massachusetts  for  1893,  upon 
which  the  marriage,  birth  and  death  rates  in  this  summary  are  calcu- 
lated, is  2,488,362. 

Marriages. 

The  whole  number  of  marriages  registered  in  Massachusetts  in 
1893  was  22,814,  which  was  a  greater  number  than  was  registered 
in  any  previous  year.  This  number  indicated  a  marriage  rate  of 
18.71  per  thousand  of  the  estimated  population  (persons  married), 
and  9.35  marriages  per  1,000. 

The  marriages  and  marriage  rates  for  the  ten  years  1884-93  were 
as  follows :  — 

Table  3.  —  Marriages  and  Marriage  Rales,  1884-93, 


TEARS. 


Marriages. 


Marriage  Rates. 


1884,  . 

1885,  . 

1886,  . 

1887,  . 

1888,  . 

1889,  . 

1890,  . 

1891,  . 

1892,  . 

1893,  . 
ToUl, 
Mean, 


18.2 
17.6 
18.0 
19.0 
18.7 
18.7 
18.6 
18.8 
20.0 
18.7 


18.6 
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The  marriage  rate  has  declined  daring  the  period  of  registration, 
the  highest  marriage  rate  being  that  of  1854,  when  it  was  24.8  per 
1,000 :  and  the  minimum  was  in  1878,  when  it  was  14.9.  The  mean 
rate  for  the  five-year  period  1851-55  was  23.2,  and  that  of  the 
five-year  period  187.6-80  was  15.7. 

In  the  past  ten  years  or  more  it  has  remained  fairly  aniform,  the 
rate  for  the  five-year  period  1881-85  being  18.5,  and  that  of  1886-90 
being  18.6.     For  the  three  years  1891-93  it  was  18.9. 

The  marriage  rate  of  England  has  declined  slightly,  from  a  maxi- 
mam  of  17.9  in  1853  to  a  minimum  of  14.2  in  1886,  and  a  slight 
increase  to  15.6  in  1891.  Those  of  Denmark,  Sweden  and  Hungary 
haye  declined  slightly,  while  those  of  Prussia,  Italy  and  France 
have  remained  nearly  stationary. 

Marriages  by  Oounties.  — The  number  of  marriages  in  each  county 
daring  the  three  years  1891,  1892,  1893,  together  with  the  marriage 
rates  for  1890,  was  as  follows :  — 


Table  4.  —  Marriages  by  Counties,  1891-93,  and  Marriage  Bates,  1890. 


MarrlAiv 

18»1. 

ISM. 

ISM. 

Ratet, 
1890. 

The  State,    ..... 

21,676 

22,507 

22,814 

1 

18.62 

Bsmstable,      .         .          ... 

245 

221 

209 

16.78 

Bericshire, 

605 

625 

613 

15.12 

Bristol,   . 

1350 

2,045 

2,089 

20.22 

Dakffi,    « 

33 

38 

39 

18.54 

Essex,     . 

2,905 

2,899 

8,108 

18.48 

FraQklin. 

■ 

310 

331 

335 

14.76 

Hampden, 

1,388 

1,479 

1,401 

17.64 

Hampshire,     . 
Hiddlesex, 

■                    * 

448 

438 

410 

16.26 

►                    • 

4,083 

4,259 

4,373 

17.80 

KaatTKkei, 

9 

16 

28 

21 

11.00 

:Sor!o\k,  .       . 

»                                       1 

944 

956 

976 

15.76 

P\ymonJth, 

■ 

798 

804 

840 

17.32 

anfEoVk,   . 

• 

5,574 

5,708 

5,745 

21.94 

WoTcester,     . 

• 

P                                    •                             • 

2,476 

2,676 

2,655 

17.70 

Note.— Marriages  and  marriage  rates  of  the  urban  population  may  be  found 
on  a  later  pap. 

Age.  — The  average  ages  at  marriage  of  all  men  and  women 
married,  aod  of  men  and  women  married  for  the  first  time,  were  as 
follows :  — 
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Table  6.  —  Average  Ages  ai  Marriage^  1891-93^  expressed  in  Tears  and  Frao- 

lions  of  a  Year. 


Average  A^ 

ofAU 
Bridegrooms. 

Average  Age 

of 
All  Bridea. 

Average  Age  of 

Alen 

Marrying  for  the 

Flnt  Time. 

Average  A.tK  of 

Women 

Marrylnff  for  the 

First  Time. 

18«llf     •                   •                   a                   •                   • 

lo9«,  •          «          .          •          t 
jLowO,  *          •          *          .          * 

28.86 
28.86 
28.90 

26.68 
26.87 
26.47 

26.82 

26.76 
26.86 

24.28 
24.24 
24.40 

Four  hundred  and  forty-one  men  and  3,628  women  married  when 
under  twenty  years  of  age,  and  64  men  and  5  women  married  when 
over  seventy.  Of  the  former  class  there  were  46  women  aged  fifteen, 
10  aged  fourteen  and  1  of  thirteen  years ;  all  the  men  were  over 
fifteen  years  of  age. 

Seasons.  —  The  marriages  by  calendar  months  were  as  follows  for 

1893 :  — 

Table  G.  — Marriages  by  Months  (1893). 


Marrlagea. 

Monthly  Batio 

compared  with 

a  Standard 

of  100.* 

• 

Marrlacea. 

Monthly  RaUo 

compared  with 

a  Standard 

of  100.» 

January,    . 
February,  , 
March, 
April, 
May,  . 

.Timp 

1,999 
1,692 
1,000 
2,396 
1,636 
2,830 
1,570 
1,678 

103.2 
91.0 
61.6 

127.9 
84.5 

151.0 
81.1 
86.7 

September, 
October,  . 
November, 
December, 
Unknown, 

Total, . 
Mean, . 

1,953 
2,319 
2,414 
1,413 
14 

104.2 
119.8 
128.8  . 
73.0 

July,  . 
August, 

22,814 

100.0 

*  In  this  colamn  the  inaccuracies  due  to  the  anequal  lengths  of  the  months  are  eliminated  by 
finding  the  daily  number  of  marriages  in  each  month  and  compariog  this  number  with  a  daily 
standard  of  100  for  the  whole  year. 

The  mean  daily  number  of  marriages  for  the  year  was  62.5. 

Births. 

The  whole  number  of  living  births  registered  in  Massachusetts  in 
1893  was  67,192,  which  was  larger  than  that  of  any  previous  year 
since  the  beginning  of  registration.  The  birth  rate  was  27.6  per 
1,000  of  the  estimated  living  population,  which  was  larger  than  that 
of  any  year  since  1874  except  that  of  1892,  which  was  27.8. 

The  births  and  birth  rates  for  the  ten  years  1884-93  were  as 
follows :  — 
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Table  7.  -^  Births  and  Birth  Boies,  Ten  Tears,  1884-93. 

TXAXS. 

Blrtba. 

Birth  Bates. 

Tbaxs. 

Blrthi. 

Birth  Ratef . 

1884, 
1885, 
1886, 
1887. 

m 
■                         • 

48,615 
48,790 
60,788 
53,174 
54,893 
57,075 

25.5 
25.1 
25.4 
25.9 
25.9 
20.2 
35.8 

1891,  . 

1892,  . 

1893,  . 

Total, 
Mean, 

63,004 
65,824 
67,192 

27.4 
27.8 

27.6 

1888, 
1889, 
1890, 

567,132 

26.3 

8ex.  —  Of  the  whole  number  of  living  children  bom  in  189.S, 
34,328  were  males  and  32,829  were  females,  indicating  a  ratio  of 
1,046  males  to  1,000  females,  that  of  the  period  of  forty-one  years 
(1853-93)  having  been  1,055  males  to  1,000  females. 

The  following  were  the  numbers  by  sexes  for  the  three  years 
1891-93:  — 

Table  8.  —  Births  by  Sexes,  1891, 1892  and  1893. 


MalM. 

FeoMlM. 

Males  to  1,000 
Females. 

1891, 

1892 

1893 

32,532 
33,758 
34,328 

80,434 
31,961 
32,829 

1,069 
1,057 
1,046 

The  ratio  of  male  to  female  births  in  England  for  the  fifty-six 
years  ending  with  1893  was  1,043  males  to  1,000  females. 

Seasons,  —  The  number  of  births  in  each  month  and  the  monthly 
ratio  reduced  to  a  standard  of  100  was  as  follows :  — 

Table  9.^  Births  by  Months  (1893). 


Monthly  BaUo 

Monthly  Ratio 

McoTBa. 

Birtha. 

redoccd  to  a 
SUnOardoflOO. 

MOVTHB. 

Birtha. 

reduced  to  a 
Sundard  of  100. 

Jannary, . 

6,611 

98.3 

October, . 

6,716 

100.2 

Febraaiy, 

6,107 

99.1 

November,     . 

5,519 

99.9 

March,    . 

6,549 

97.2 

December, 

5,767 

101.0 

April, 

6,391 

97.6 

May,       .      . 

6,163 

90.4 

Unknown, 

6 

— 

Jnnfi 

5,467 
6,095 

98.8 
106.8 

JnJj, 

Total, 

67,192 

— 

August^    ' 

;     6,173 

108.1 

Scomber, 

6,638 

102.1 

Mean, 

^ 

100.0 
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The  mean  daily  number  of  births  was  184.1,  and  from  the  foregoing 
table  it  appears  that  the  highest  daily  number  of  births  occurred  in 
August,  July  and  September,  and  the  least  in  May,  March  and  April. 

The  highest  quarterly  percentage  of  births  registered  was  in  the 
third  quarter  of  the  year,  and  the  same  may  be  said  of  the  births  in 
each  year  of  the  previous  twenty-year  period,  except  1873  and  1878, 
in  which  the  greatest  number  was  in  the  fourth  quarter. 

Births  by  Counties.  —  The  numbers  of  living  births  in  each  county 
during  the  three  years  1891,  1892  and  1893,  together  with  the 
birth  rates  for  1890,  were  as  follows  :  — 


Table  10,— Birt?i8  by  Counties,  1891-93,  and  Birth  Rates,  1890. 


Birth  Rates, 

1891. 

ISM. 

189S. 

tS9: 

The  State,     . 

1 

1               • 

63,004 

65,824 

67,192 

25.81 

Barnstable, 

630 

646 

616 

16.88 

Berkshire, 

2,179 

2,083 

2,283 

26.32 

Bristol, 

6,436 

6,924 

6,200 

26.68 

Dukes, 

66 

71 

73 

18.08 

Essex, 

7,804 

7,784 

8,392 

23.68 

Franklin,  . 

813 

898 

908 

19.68 

Hampden, 

4,611 

4,708 

4,864 

30.47 

Hampshire, 
Middlesex, 

1,126 

1,229 

1,194 

20.90 

12,347 

12,879 

13,197 

25.85 

Nantucket, 

62 

60 

56 

16.80 

Norfolk,    . 

2,947 

2,956 

3.132 

22.78 

Plymouth, 

1,905 

1,946 

2,144 

18.96 

Siiflfolk,     . 

15,227 

16,542 

16,538 

28.98 

Worcester, 

7,971 

8,208 

8,696 

26.07 

Note  —  Births  and  birth  rates  of  the  iu:ban  population  may  be  found  on  a 
later  page. 

Illegitimacy. — The  number  of  illegitimate  births  registered  in 
1893  was  540.  The  statistics  of  the  years  1891,  1892  and  1893, 
with  the  ratios  per  1,000  of  living  births,  are  as  follows  :  — 

Table  11, -^  niegitimate  Births. 


Trau. 


Batio  per  1,000  Births. 


1891, 

1892, 
1893, 


17.1 

16.0 

8.0 


The  mean  ratio  for  the  ten  years  1884-93  was  17.47  per  1,000 
births. 
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Table  12. 

—  lUegUimaU  Births  by  Counties  (1891, 1892  and  1893). 

•      THB 

I  State. 

1 

i 

m 
1 

• 

e 

1 
•a 

• 

1 

pa 

• 
M 

• 

1 

£ 

■ 

1 

• 

1 
S 

n 

• 

1 

5 

6 

• 

1 

1 

^ 

5 

• 

1891,  .  1 1.078 

1892,  .      990 

1893,  .      640 

11     21 

8     27 

10     26 

50 
65 
59 

3 
1 

79 
81 
94 

5 
10 
10 

44 
62 
46 

7 

12 

8 

121 
171 
149 

1 

3 
2 

22 

21 
23 

14 
13 
U 

654 

445 

14 

49 

69 
87 

In  the  foregoing  table  are  presented  the  statistics  of  illegitimate 
births  by  counties  for  the  three  years  ending  with  1893.  The  special 
point  worthy  of  note  in  this  table  is  the  apparently  defective  record 
of  Suffolk  County  for  the  year  1893. 

The  following  are  illegitimate  birth  rates  for  several  countries  for 
the  five-year  period  1878-82,  and  for  the  year  1889  (Bertillon). 


Table  13. 


CorsTSiss. 


Iltegltlinato  BIrthi  per 
1,000  BIrtbi.* 


lS78-Sa. 

1SS9. 

Ireland,  ...         .         •        .       / 

25 

28 

Rossia,    . 

ft                    • 

28 

27 

Holland.. 

80 

88 

Switzerland,   . 

47 

47 

Endand  and  Wales, 
My,     .        .         . 

48 
78 

46 
78 

Fraaee,  ... 

74 

84 

Belgium, 

77 

88 

Jforwav. ... 

82 

74 

Scodaiid. 

84 

79 

Gennan  Empire, 

89 

- 

Denmark, 

101 

98 

Sweden, ... 

101 

101 

Saxony,  ... 

127 

125 

Bavaria,. 

182 

141 

Angina,  ... 

* 

148 

147 

Illegitlnute  Blilbi  to 
Each  10,000  Unmarried 

Women  OTtr 
Ftfleen  Yean  of  Aft. 


81 

66 
74 
108 
169 
109 
189 
146 
151 
206 
208 
158 
848 
295 
880 


*  StilWhirais  ue  exdaded  in  tbe  column  for  1889,  in  estimating  the  ratio  in  all  the  countries 
nd  ]3awari«. 


Plural  Biriht.  —  In  1893  there  were  registered  619  cases  of 
plaral  births,  being  in  the  ratio  of  9.1  per  1,000  births.  The  num- 
ber of  children  bom  ^ras  1,247,  of  which  number  1,220  were  twins 
and  27  were  triplets.  Of  the  whole  number,  627  were  males  and 
618  were  females. 
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The  statistics  for  the  throe  years  1891,  1892  and  1893  were  as 

follows :  — 

Table  14. 


YEARS. 


Cases 
of  Twins. 


Cases 
of  Triplets. 


Cases  of 
Qaad- 
niplets. 


Nambers  of 

Living  HIrtha 

to  one  Case  of 

Twins. 


Xiiml>«?rof 

Living  Births 

to  one  (.'ttse  of 

Triplets. 


1891, 
1892, 


1893, 


Total  3  years. 

Mean, 

Total  cases  1874-93, 

Mean, 


616 
572 
610 


1,798 


8,847 


7 

1 

8 

- 

9 

- 

24 

1 

99 

- 

- 

- 

102 
116 
110 


109 


114 


9,000 
8.228 
7,466 


8,168 


10,148 


There  has  been  a  notable  increase  in  the  number  and  ratio  of  cases 
of  triplet  births  in  the  past  six  years,  from  1  in  27,446  in  1888  to  1 
in  7,466  in  1893. 

Still-birtha.  — The  total  number  of  still-births  registered  in  1893 
was  2,444,  the  numbers  for  the  two  preceding  years  being  2,222  in 
1892  and  2,293  in  1891. 

The  following  are  the  statistics  relative  to  the  sexes  of  the  still- 
born for  1893  and  for  the  period  1853  to  1893,  forty-one  years :  — 

189S.        1898-99. 

Total  number  of  the  still-born, 2,444  63,435 

Males, 1,420  29,617 

Females 921  19,914 

Not  stated, 103  4,004 

Ratio  of  males  to  1,000  females,  among  those  whose  sex  was 

known, 1,642  1,482 

Deaths. 

*'  Moitality  statistics  surpass  all  other  vital  statistics  in  importance,  whether  they 
are  considered  from  a  social,  an  actuarial  or  a  sanitary  standpoint/^  —  Newsholme. 

» 

The  number  of  deaths  registered  in  1893  was  49,084;  this  was 
greater  than  that  of  any  previous  year  of  registration. 

The  death  rate  per  1,000  of  the  estimated  living  population  was 
20.13,  that  of  the  decade  ending  with  1893  having  been  19.66. 
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The  following  are  the  deaths  and  death  rates  for  the  teo-year 
period  1884-93  :  — 

Table  15. 


Beatbt. 

I>eath  Bates. 

1 

TSAM. 

DmUm. 

Death  Rates. 

1884. 
1885, 
1886, 
1887, 

36,990 
38,094 
87,244 
40,763 
42,097 
41,777 

19.4 
19.6 
18.6    , 
19.8 
19.9 

19.2 

1 

1890,       . 

^  1891,       . 

1892,       . 

1  1893,       . 

Total, 

Mean, 

43,528 
45,185 
48.762 
49,084 

19.4 
19.6 
20.6 
20.1 

1888, 
1889,       ' . 

423,524 

19.66 

Deaths  by  Sexes,  — The  namber  of  deaths  of  males  recorded  in 
1893  was  24,899  and  that  of  females  was  24,185.  Estimating  the 
distribution  of  the  sexes  upoD  the  same  basis  as  in  1890,  the  death 
rates  of  the  sexes  were  21.02  per  1,000  for  males  and  19.29  for 
females. 


Table  16.  —  Mortality  of  the  Sexes,  CensuB  Tears  and  1893. 


1 



DfKthinf  Mnlesto 

Deaths 

Deaths 

Death  Rate 

Death  Rate  of 

1.0(K)  Deaths  of 

TlABS. 

of  Males. 

of  Females. 

Of  Males. 

remales. 

Females  In  Kqual 
Numbers  LlTtng. 

I860, 

11,444 

11,547 

19.3 

18.4 

1,048 

1865, 

13,085 

13,024 

21.7 

19.6 

1,107 

1870.        .        . 

13,699 

13,598 

19.5 

18.6 

1,048 

1875, 

17.329 

17,619 

21.8 

20.5 

1,063 

1880, 

17,426 

17,852 

20.3 

19.3 

1,052 

1885,        .       . 

18,889 

19.205 

20.2 

19.0 

1,063 

1890,        .       . 

21,767 

21,761 

20.0 

18.9 

1,058 

1893,        .      .         . 

24399 

24,185 

21.0* 

19.8* 

1,089* 

•  Estimated. 


The  disparity  between  the  death  rates  of  the  sexes  in  Massachu- 
setts Yfas  generally  less  than  that  of  England,  which  was  as  1,117 
deaths  of  males  to  1 ,000  deaths  of  females  in  equal  numbers  living 
for  1891,  and  as  1,102  to  1,000  for  the  whole  period  of  registration 
(1838-93). 
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Deaths  by  Seasons.  —  In  the  following  table  are  presented  the 
statistics  of  deaths  in  Massachusetts  by  months  and  by  sexes.  For 
the  purpose  of  presenting  the  seasonal  mortality  as  fully  and  as 
clearly  as  possible,  the  method  employed  by  Dr.  B5ckh  of  Berlin  in 
his  year  book  has  been  followed.  The  exceedingly  accurate  and 
careful  statistical  methods  adopted  in  Berlin  give  to  the  mortality 
statistics  of  that  city  a  value  which  cannot  be  attained  here  under 
present  American  modes  of  collection  of  statistics.  The  figures  in 
columns  1,  2,  3,  5  and  6  may  be  taken  as  correct,  while  those  in 
column  4  are  subject  to  such  slight  corrections  as  the  next  census 
may  require. 

« 

Table  17,^  Mortality  by  Months,  Massachusetts  (1893). 


1 

1 



— » 

5 

1 

• 

s 

4 

Monthly  Mor- 

6 

Months. 

Death  Rate 

tality  UedDccd 

Deatbs  per 

Halei. 

Females. 

Totals. 

per  1,000. 

to  a  .Standard 
of  100  • 

Day. 

January, 

2,027 

2,134 

4,161 

20.23 

99.8 

134.2 

February, 

1,905 

1,809 

8,714 

19.99 

98.6 

132.6 

March,  . 

2,230 

2,145 

4,375 

21.27 

104.9 

141.1 

April,    . 

2,253 

2,082 

4,385 

21.63 

107.4 

144.5 

May,     . 

2,231 

2,090 

4,321 

20.87 

103.6 

139.4 

June,    . 

1,654 

1,596 

8,250 

16.22 

80.5 

108.8 

July,     . 

2,309 

2,047 

4,356 

20.88 

104.5 

140.5 

August, 

2,545 

2,389 

4,934 

23.65 

118.4 

159.2 

September, 

1,991 

2,064 

4,055 

20.09 

100.5 

135.2 

October, 

1,831 

1,848 

3,679 

17.52 

88.3 

118.7 

November, 

1,720 

1,760 

8,480 

17.12 

86.3 

116.0 

December, 

2,203 

2,221 
24,185 

4,424 

21.06 
20.13 

106.1 

142.7 

24,899 

49,084 

100.0 

134.6 

*  Colamn  5.  In  this  oolamn  100  U  taken  as  the  annaal  mean  for  a  monthly  period  of  anl- 
form  length. 

In  the  foregoing  table,  in  the  figures  presented  in  columns  4  and  5 
the  inaccuracies  due  to  the  unequal  length  of  the  months  have  been 
eliminated  by  comparing  the  daily  number  of  deaths  in  each  month 
with  the  mean  daily  number  for  the  year.  It  is  also  quite  plain  that 
an  estimate  of  population  which  may  be  applied  in  calculating  the 
death  rate  in  January  and  February  cannot  reasonably  be  applied  to 
the  same  purpose  in  November  and  December,  since  the  annual 
increase  of  the  population,  amounting  in  recent  years  to  about 
70,000  annually,  is  thus  disregarded.  Hence,  in  estimating  the 
mortality  rates  given  in  column  4,  a  quarterly  estimate  has  been 
adopted  based  upon  the  rate  of  growth  from  1885  to  1890,  after  the 
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manner  adopted  by  the  Registrar  General  of  England  in  his  weekly 
reports.  By  this  table  it  appears  that  the  months  in  which  the 
greatest  daily  nnmber  of  deaths  occurred  were  August,  April  and 
December,  and  those  which  had  the  least  were  June,  November  and 
October. 

The  percentages  of  deaths  in  each  quarter  of  the  year  were  as  fol- 
lows:— 

In  the  first  quarter, 25.0 

In  the  second  quarter, 24.3 

Id  the  third  qaarter, 27.1 

In  the  fourth  quarter, 23.6 

100.0 

Deaths  by  Counties.  —  The  number  of  deaths  in  each  county  dur- 
ing the  three  years  1891,  1892  and  1893,  together  with  the  death 
rates  for  1890,  were  as  follows,  still-births  being  in  every  instance 
excluded  in  this  table  :  — 

Table  IS. -^Deaths  by  Ccurdies,  1891,1892  and  1893, and  Death  Bates,  1800^ 


Dcatb  Rfttet, 

IWl. 

18M. 

ISM. 

ISM. 

The  State,     . 

45,185 

48,762 

49,084 

1 

19.4 

Barnstable, 

615 

640 

592 

19.4 

Beikshire, 

1,436 

1,560 

1,605 

18.2 

Bristol,     . 

4,109 

4,367 

4,608 

20.3 

Duke,     . 

109 

99 

115 

25.4 

Essex,      . 

5,916 

6,272 

6,064 

20.0 

Franklin,  . 

699 

766 

654 

15.8 

Hampdeo, 

2,644 

3,181 

2,999 

19.6 

Hampshire, 

969 

1,051 

1,037 

18.5 

Middle^x, 

8,506 

9,038 

9,420 

18.4 

Kantncket, 

80 

120 

88 

24.5 

KoTfolk,   . 

1,945 

2,087 

2,294 

16.5 

Plymouili, 

> 

1,580 

1,759 

1,751 

16.9 

Suffolk,     . 

• 

11,357 

12,013 

12,280 

22.3 

Woreester, 

• 

5,220 

5309 

5,677 

17.8 

KoTK.— Deaths  and  death  rates  of  the  urban  population  maybe  found  on 
a  later  page. 


Deaths  by  Ages.  ~  No  statement  of  mortality  at  different  ages  of 
life  can  hare  much  value  which  fails  to  take  into  account  the  numbers 
of  the  liying  population  at  the  same  ages.  In  the  absence  of  other 
figures  the  ceusas  must  be  the  only  guide,  but  in  those  States  which 
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have  a  trustworthy  system  of  registration  of  vital  statistics  the  regis- 
tration of  births  and  that  of  the  deaths  of  children  under  five  years 
of  age  may  be  employed  to  correct  the  defects  which  are  found  to 
exist  in  all  census  enumerations  of  the  first  years  of  life.  In  the 
United  States  census  of  1870  (volume  on  vital  statistics),  a  method 
is  proposed  for  the  redistribution  of  the  figures  of  these  ages  of  life 
and  for  supplying  deficiencies.  The  defects  of  distribution  referred 
to  are  due  chiefly  to  the  tendency  of  parents  to  state  the  ages  of 
children  inaccurately. 

The  following  figures  illustrate  this  point :  — 

Table  19.  —  Census  of  Children  under  Five  Tears  of  Age, 


Aqbs. 


POPtTLATfON  or 


United  SUtM 
Censnt,  1880. 


MMMchusetts, 

1885 
(State  Cenias). 


Maisftchoietti, 

1890 
(U.  8.  Ceusiu). 


England  (1891). 


0-1  year,    . 

1  year,    . 

2  years,  • 
8  years,  . 
4  years,  . 

Total  population, 


1.447,983 
1,256.956 
1,427,086 
1,381.274 
1,401,217 

50,155,788 


35,888 
27.327 
40,353 
88,064 
86,706 

1,942,141 


48.043 
28,462 
46,726 
41.367 
41.160 

2,238.948 


754,533 
691,590 
707.179 
706,274 
693,914 

29,002,525 


Percentages  of  Total  Population. 


0-1  year,    .... 

2.89 

1.85 

1.92 

2.60 

1  year,    .... 

2.50 

1.41 

1.27 

2.38 

2  years,  .... 

2.85 

2.08 

2.09 

2.44 

3  years,  .... 

2.75 

1.96 

1.98 

2.43 

4  years.  .... 

2.79 

1.89 

1.84 

2.89 

It  is  quite  apparent  that  the  foregoing  numbers  for  Massachusetts 
especially  those  for  the  first  three  years  of  life,  are  seriously  defective, 
not  only  in  their  proper  distribution,  but  also  in  actual  omissions  of 
considerable  numbers,  when  the  births  and  the  deaths  of  infants  under 
one  and  successive  ages  are  considered.  Hence  an  adjusted  table  for 
the  first  five  years  becomes  necessary,  either  with  or  without  the  actual 
addition  of  some  assumed  number.  Mr.  Elliott  assumes  the  number 
100,000  as  a  proposed  addition  to  the  United  States  census  figures 
for  the  whole  population  of  the  United  States  in  1870,  in  the  first 
five  years  of  life.     It  is  possible,  however,  to  arrive  at  a  more  defi- 
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Dite  estimate  in  Massachusetts,  in  consequeDce  of  the  existence  in 
this  State  of  a  careful  system  of  registration  of  births,  marriages  and 
deaths.  A  careful  estimate  in  Massachusetts,  deduced  from  the 
births  and  the  deaths  in  the  first  years  of  life,  leads  to  the  conclusion 
that  the  omissions  in  this  period  (0-5  years)  constitute  a  still  greater 
ratio  of  the  total  population  of  the  State  in  the  two  last  census 
eDQmeratioDS,  than  is  represented  by  the  number  100,000  as  com- 
pared with  the  United  States  population  of  1870,* 

Ad  examination  of  the  figures  presented  in  the  table  on  the  pre- 
cediDg  page  shows  in  each  column  certain  peculiarities  in  the  numbers 
representing  the  first  three  years  of  life.  In  each  instance  the  number 
of  children  Hying  in  the  period  one  to  two  years,  shown  in  the  second 
Tme  of  figures,  is  considerably  less  than  that  of  either  the  preceding  or 
the  succeeding  year,  and  in  the  two  columns  for  Massachusetts  the 
figures  for  the  period  two  to  three  years  (third  line)  are  greater  in 
^ch  instance  than  those  of  infants  under  one  (first  line).  These 
points  are  simplified  by  the  percentages  presented  in  the  second  part 
of  the  table. 

In  a  fixed  population,  in  which  migration  plays  no  part,  these 
figures  should  present  a  successive  diminution  from  the  age  period 
O-l  onwards,  the  rate  of  diminution  being  dependent  upon  the  mor- 
tality at  difiTerent  ages.  Migration  affects  principally  the  adult  ages 
of  life,  and  in  rough  estimates  of  the  first  three  years  or  more,  its 
direct  efiect  may  practically  be  ignored,  f 

After  reviewing  the  method  proposed  by  Mr.  Elliott  and  the 
methods  usually  adopted  for  the  construction  of  life  tables,  the  fol- 
lowing percentages  have  been  adopted  for  estimating  the  mortality 
rates  of  the  first  five  years  of  life,  and  for  those  which  relate  to  the 
diseases  of  childhood  for  the  census  years  1885-i)0  in  Massachusetts. 

*  Mr.  Henry  Gannett,  in  a  recent  contribution  to  the  quarterly  publication!  of  the 
American  Sutbtical  So  Jety,  estlniateB  the  total  deficiency  of  the  U.  8.  cenins  of  1890  at  one 
mUbon  pencms.— Publications  Am.  Statistical  Soc.,  Vol.  IV.,  page  99. 

t  TbeperoesUges  of  immigrants  to  United  States  by  ages  for  fifty  yean  were  as  follows :  — 

30-35, 9.8 

35-40,     .......        6.7 

40  and  over, 10  2 


0-5,    ..      ,       . 

.       .        7.9 

6-10 

.       .       7.2 

10-15,    .      . 

6.9 

W-20,    .... 

.        .      14  3 

50-25.    .      . 

.      20.9 

2W0,     .... 

.      16.1 

100.00 


Jf  ore  than  mt-hM  voe  between  the  ages  of  fifteen  and  thirty  years.  The  addition  of  a  con- 
sfdsrahJe  nnniber  of  inniigraiits  to  the  population  of  ages  15-30  can  hare  scarcely  an  apprecia- 
ble effect  npoa  the  death  rate.  If  the  additions  were  mainly  of  children  of  ages  6-15,  the  death 
rate  wooJd  be  diminkiied ;  if  the  additions  were  chiefly  of  ages  above  30,  the  death  rate  would 
be  DAteriaflj  increased  thereby. 
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These  percentages  are  calculated  both  for  redistribution  and  for 
addition  of  sufficient  numbers  to  conform  to  the  ficrures  for  a^e 
mortality. 

Table  20. 


Ages. 


PSBCBVTAOSS  OF  TOTAL 
POPCLATIOH. 


1890. 


0-1  year, 

1  year, 

2  years, 
8  years, 
4  years, 


2.12 

2.03 
1.98 
1.95 
1.93 


These  percentages  differ  but  little  from  those  which  may  be  found 
in  life  tables.  The  difficulty  of  constructing  such  tables  accurately 
for  migratory  populations,  like  those  of  American  States,  as  com- 
pared with  the  more  stationary  or  fixed  populations  of  European 
countries,  must  be  recognized. 

In  summing  up  this  question  in  the  twelfth  volume  of  the  tenth 
census,  page  cxliii.  Dr.  Billings  says  :  *'  The  preparation  for  any  given 
locality,  race  or  occupation,  in  (his  country ^  of  a  life  table  which 
shall  accurately  represent  the  tendency  to  death  or  the  probability 
of  survival  at  each  age  is  practically  impossible,  because  of  the 
want  of  accuracy  in  the  necessary  data,  and  because  of  the  irregular 
migrations  of  the  population.  It  should  be  clearly  understood  that 
all  tables  of  vital  statistics,  including  data  from  large  numbers  of 
people,  even  when  these  are  obtained  by  the  most  accurate  census 
possible,  and  by  the  most  complete  system  of  registration  which 
can  be  enforced,  give  probabilities  only,  and  that  scientific  accuracy 
in  this  field  is  practically  unattainable." 

Dr.  Farr  says,  in  commenting  upon  this  subject,  "  The  years  of 
infant  life  cannot  be  accurately  deduced  from  decennial  enumera- 
tions of  the  infants  living  at  the  date  of  the  census.  •  •  •  The  diffi- 
culties arise  from  the  want  of  exactly  observed  facts." 

A  comparison  of  the  mortality  of  children  under  one  year  of  age 
with  the  births  constitutes  the  most  accurate  method  of  estimating 
the  infant  mortality  for  any  given  year,  since  the  registration  of 
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births  may  be  deemed  to  be  fairly  complete,  the  deficiencies  amount- 
ing probably  to  less  than  one  per  cent.* 

The  following  table  presents  the  mortality  of  infants  under  one 
year,  as  compared  with  living  births  for  the  twenty  years,  1874-93  :  — 

Table  21.  —  Infant  Morialily,     Ratio  of  Deaths  under  One  Year  to  Living 

BirUiS  per  1,000. 


1874,   . 

164.3 

1879,   . 

142.8 

1884,   . 

158.9 

1889,   . 

162.2 

1875,   . 

172.0 

1880.   . 

169.5 

1885,   . 

156.5 

1890,   . 

166.5 

1876,   . 

154.6 

1881,   . 

165.2 

1886,   . 

159.5 

1891,   . 

169.0 

1877,   . 

152.4 

1882,   . 

164.4 

1887,   . 

162.6 

1892.   . 

166.5 

1878,   . 

148.7 

1883,   . 

163.3 

1888, 

164.9 

1893,   . 

165.3 

Mean,  1874-93, 161.9. 

Note.  —  The  figures  in  this  table  are  obtained  by  comparing  the  deaths  of 
infants  under  one  in  each  year  with  the  births  which  occurred  in  the  twelve 
months  ending  with  June  30  of  the  same  year,  since  about  one-half  of  the  deaths 
of  infants  under  one,  occurring  in  each  year,  were  those  of  infants  who  were  born 
in  the  year  immediately  preceding. 


The  foregoing  mean  constitutes  the  ratio  of  160,914  deaths  of 
infants  under  one  year  to  993,807  living  births. 

The  extremes  during  the  past  forty-five  years  were  119.1  per 
1,000  births  in  1857  and  202.7  in  1872. 

Deaths  at  Extreme  Old  Age.  —  The  number  of  deaths  of  persons 
who  had  lived  to  the  age  of  ninety  years  and  over  in  1893  was  465. 
Of  this  namber,  370  were  from  ninety  to  ninety-five  years  of  age  at 
death,  77  were  from  ninety-five  to  one  hundred,  and  18  were  one 
hundred  years  and  over. 

Of  the  whole  number  who  died  at  ages  beyond  ninety  years,  152 
were  men  and  313  were  women,  or  in  the  ratio  of  100  men  to  206 
women. 

•  «( The  mortality  of  infants  under  one  year,  calculated  with  reference  to  the  namber  of  births 
dnring  the  year,  is,  perhaps,  the  best  single  test  of  sanitary  condition  which  we  can  have."  ~ 
Billings,  Vital  Statistics,  **  The  Sanitary  Engineer,"  January,  1BS4,  page  163. 
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Causes  of  Death. 

The  system  of  classification  of  diseases  and  causes  of  death  pro- 
posed by  Dr.  Wm.  Farr  has  been  in  use  among  English-speaking 
nations  with  occasional  modifications  for  nearly  half  a  century,  and 
that  of  Professor  Virchow  in  Germany  since  1873.  It  now  becomes 
an  important  question  whether  a  revision  of  existing  classifications 
is  not  desirable,  in  order  that  the  grouping  of  diseases  or  causes  of 
death  may  be  consistent  with  the  progress  of  medical  science.  The 
chief  advantage  of  retaining  old  and  well-known  classifications  lies  in 
the  facility  of  comparison  of  the  statistics  of  different  years  or  periods 
of  time.  In  the  course  of  time,  however,  these  groupings  lose  their 
significance,  and  gradually  manifest  a  lack  of  harmony  with  prevail- 
ing systems  of  pathology.  Groupings  or  general  divisions,  compris- 
ing several  causes  of  death  in  one  class,  have  less  significance  than 
the  same  diseases  considered  separately.  The  class  of  so-called 
developmental  diseases  or  causes  of  death,  for  example,  conveys  but 
little  meaning  as  a  whole.  The  general  class  of  local  diseases  so  long 
in  use  is  much  less  significant  as  a  whole  than  the  subdivisions  of  which 
it  is  composed.  The  class  of  deaths  by  violence  is  quite  distinct,  and 
must  necessarily  be  subject  to  less  change  than  the  others.  The  trans- 
fer of  tuberculosis  to  a  place  among  infectious  diseases  appears  to  be  an 
inevitable  conclusion,  and  this  transfer  of  more  than  ten  per  cent,  of 
the  total  mortality  from  one  group  or  class  to  another  necessarily 
disturbs  the  statistical  comparison  in  a  very  marked  degree.  This 
change  already  appears  in  the  nosological  tables  of  some  countries 
and  cities  of  considerable  size. 

Hence,  in  the  following  discussion  of  the  causes  of  death  in  Massa- 
chusetts for  1893,  but  little  prominence  will  be  given  to  the  general 
groupings  of  causes  of  death,  and  single  causes  of  death  which  have 
unusual  import  will  be  treated  with  considerable  fulness  of  detail. 
These  comprise  chiefly  the  principal  infectious  diseases,  together 
with  those  local  diseases  which  are  very  destructive  to  life. 

In  the  following  table  the  old  classification  is  retained  for  the 
present,  for  the  purpose  of  comparison  :  — 
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Table  32.  —  Causes  of  Death,  by  Olasset.    Balioper  10,000  of  the  Population. 


II. 

IV. 

V. 

I. 

III. 

GoDStStQ- 

DeTsl- 

DMtlM 

TKAsa 

InfcctSoiu 

tlonal 

Local 

opmeotal 

from 

Diseases. 

Diseases. 

DlseaiM, 

Diseases.* 

YIoleBoe. 

lOvOf  •             ■               •               ■ 

1870,  .... 

looUf  ■            .             ■              • 

1885,  .... 

1899,  .           •            •              > 

19<|U|  •            •             •              • 

JoJlf  •            •             • 

1892,  .... 

lo93,  ...            • 

Mean  (fiye  years)  1889-93, 


64.87 

61.68 

60.79 

26.48 

47.45 

49.80 

61.86 

21.87 

58.96 

49.40 

65.44 

23.16 

47.41 

45.89 

73.73 

19.52 

36.74 

46.94 

82.76 

20.65 

36.92 
86.09 
35.87 
89.02 
85.84 

36.76 

41.86 
41.14 
89.26 
89.84 
38.60 

83.57 
87.18 
91.20 
96.60 
96.26 

20.10 
19.68 
20.06 
20.12 
19.41 

89.87 

91.12 

19.86 

7.34 

7.79 

8.61 

7.19 

7.48 

7.78 
8.10 
8.04 
8.78 
9.08 


8.37 


*  Still-births  excluded. 

By  this  table  it  appears  that  very  marked  changes  have  taken 
place  in  the  groups  marked  I.,  II.  and  III.,  the  first  two  having 
notably  decreased »  while  the  third  has  quite  as  notably  increased. 

The  following'  table  presents  the  mortality  from  the  ten  most 
prominent  caases  of  death  in  Massachusetts  for  the  ten  years  1884 
to  1893,  in  the  order  of  their  prominence :  — 
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From  this  table  it  appears  that  consumption  has  maintained  its 
position  at  the  bead  of  the  list  for  the  whole  decade,  although  very 
closely  approached  by  pneumonia  in  1893.  Brain  diseases  held  the 
second  place  from  1884  to  1891,  and  for  the  two  years,  1892  and 
1893,  was  displaced  by  pneumonia.  Diphtheria  and  croup  attained 
the  seventh  place  for  the  first  five  years,  and  then  rose  to  the  fifth, 
bat  finally  fell  to  the  last  place  in  1891  and  1893. 

Statistics  of  Certain  Causes  of  Deaths  MassachtisettSf  1893. 

In  the  tables  24,  25,  26,  27  and  28  are  presented,  the  principal 
statistics  relative  to  the  following  causes  of  death :  — 

Small-pox.  Pneumonia. 

Measles.  Whooping-cough. 

Scarlet-fever.  Cancer. 

Diphtheria  and  croup.  Kidney  diseases. 

Typhoid  fever.  Heart  diseases. 

Cholera  infantum.  Brain  diseases. 
Consumption. 

The  data  presented  are  the  following :  — 
l^umber  of  deaths  from  each  of  the  foregoing  causes  in  each  year  for 

twenty  years  ( 1874-1893)  t Table  24 

Death  rate  from  each  of  the  same  causes  per  10,000  of  the  living  popu- 
lation for  each  year, **      24 

Percentage  of  the  total  mortality  for  each  year, **      24 

The  means  for  the  twenty-year  period, "24 

The  total  deaths  and  deaths  for  each  sex  from  each  of  ten  causes  of  death 
for  the  thirty-three  years  (1861-1893), "25 

The  deaths  in  each  month  from  each  of  the  same  causes  for  the  same 

period, "25 

The  deaths  at  each  of  eleven  ages  for  the  same  period  from  each  of  ten 
causes, "25 

The  monthly  ratio  of  deaths  reduced  to  a  standard  of  100  with  the  ine- 
qualities of  time  eliminated, "26 

The  death  rate  per  10,000  living  from  each  of  these  ten  causes  for  the 

same  period, "27 

The  death  rate  of  each  sex  from  each  of  these  causes  for  the  same  period,       "      27 

The  average  annual  mortality  at  each  age  period,  compared  with  the 
living  population  at  each  age,  expressed  as  a  ratio  per  10,000  of  the 
living  population.  In  this  table  the  error  due  to  the  inaccuracies 
and  deficiencies  in  the  census  distribution  of  the  first  years  of  life, 
represented  in  the  age  period  0-5,  has  been  oorrected  upon  an  ap- 
proximate basis, "27 

The  mortality  statistics  of  the  year  1893  from  the  same  causes,  the 
ratios  being  omitted, "28 
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Smdll'pox. 

The  number  of  deaths  for  the  twenty-year  period  1874-93  is 
presented  in  Table  24,  together  with  the  death  rate  and  the  per- 
centage of  the  total  mortality  for  each  year.  The  numbers  were 
extremely  variable,  and  ranged  from  47  deaths  in  1881  to  0  in 
1886.  The  greatest  number  in  any  one  year  during  the  past  half- 
century  was  1,029,  in  1872.  The  whole  number  of  registered 
deaths  from  this  disease  in  the  twenty-year  period  1854-73  was 
4,412,  and  that  of  the  period  1874-93  was  311.  The  annual  mortal- 
ity per  10,000  of  the  living  population  in  the  former  period  was  1.7, 
and  that  of  the  latter  period  was  only  .08. 

Sex.  —  In  Table  27  it  appears  that  the  mortality  of  males  from 
small-pox  was  greater  than  that  of  females,  in  the  ratio  of  .74  per 
10,000  of  the  living  males  to  .47  per  10,000  of  living  females,  or  in 
the  ratio  of  157  males  to  100  females  for  the  period  of  thirty-three 
years,  1861-93. 

Seasons  of  the  Year. — Upon  a  mean  monthly  standard  of  100 
the  greatest  mortality  from  this  cause  occurred  in  December  (177.1) 
and  the  least  in  August  (40.3). 

Age.  —  The  effect  of  age  upon  the  mortality  from  small-pox  is 
shown  in  Table  27,  wherein  the  deaths  at  each  age  are  compared 
with  the  living  population  at  the  same  age  of  life.  This  table 
embraces  a  period  of  thirty-three  years  (1861-93).  The  death 
rates  at  different  ages  are  considerably  less  in  each  instance  than 
those  presented  in  the  Registration  Report  of  1890,  in  consequence 
of  the  addition  to  the  present  table  of  the  statistics  of  five  additional 
years,  1861-62,  1891-93,  in  each  of  which  the  deaths  from  small- 
pox were  below  the  mean  annual  number  of  the  period.  The  high- 
est death  rate  of  any  age  (1.88  per  10,000  living)  was  that  of  the 
first  period  (0-5  years),  the  next  highest  (.82)  that  of  the  period 
20-30  years,  while  the  lowest  (.21  and  .22)  were  those  of  the  age 
periods  60  to  70  and  10  to  15  years. 

(Further  information  relative  to  the  influence  of  vaccination  and 
that  of  other  conditions  on  small-pox  mortality  may  be  found  on 
pages  viii-xxiii  in  the  General  Report,  under  the  title  of  **  Infectious 
Diseases.") 
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Measles. 

The  deaths  from  measles  in  Massachusetts  in  1893  were  276,  and 
the  death  rate  per  10,000  of  the  population  was  1.1,  as  compared 
with  88  deaths  and  a  death  rate  of  .4  per  10,000  in  1892,  and  an 
annual  mean  of  .9  for  the  twenty-year  period  (1874-93).  The 
maximum  death  rate  of  the  period  was  2.2  per  10,000  in  1887  and 
the  minimam  was  .1  in  1879.     (See  Table  24.) 

iSeoc.  —  The  mortality  of  males  from  this  cause  in  1893  was  less 
thaa  that  of  females,  but  for  the  whole  period  (1861-93)  the  mor- 
tality of  males  was  greater  than  that  of  females,  in  the  ratio  of  1.25 
to  1.15  per  10,000  living,  or  as  109  males  to  each  100  females  in 
equal  numbers  living. 

Seasons  of  the  Year. — The  greatest  mortality  from  measles  in 
any  mouth  of  1893  occurred  in  May  and  the  least  in  September. 
For  the  whole  period  of  thirty-three  years  (1861-93),  upon  a 
monthly  standard  of  100  the  figures  were  a  maximum  of  166.6  for 
May  and  a  minimum  of  35.0  for  October. 

Age,  —  By  far  the  greatest  number  of  deaths  from  measles  in 
1893  occurred  in  the  age  period  0-5  years,  the  deaths  of  persons 
over  10  years  of  age  being  comparatively  few.  For  the  whole 
period  of  thirty-three  years  the  highest  mortality  from  measles 
(9.36  per  10,000  living  at  the  same  age  of  life)  was  in  the  period  of 
infiancy  (0-5),  and  the  lowest  (.07)  was  in  the  period  50-60  years. 
In  consequence  of  the  demand  for  a  more  thorough  consideration 
of  the  mortality  from  the  diseases  of  childhood  and  of  a  finer  divi- 
sion of  age  periods  than  has  hitherto  been  presented,  the  mortality 
from  such  diseases  has  been  (at  the  suggestion  of  the  State  Board 
of  Health)  expressed  in  separate  years  for  each  of  the  years  under  5, 
since  and  including  1887,  in  each  of  the  State  Registration  Reports, 
and  the  statistics  of  certain  children's  diseases  for  the  separate  years 
up  to  5,  including  measles,  will  be  found  on  a  later  page. 

Scarlet-fever. 

The  deaths  from  scarlet-fever  in  1893  were  810  and  the  death  rate 
S,3  per  10,000  of  the  population,  as  compared  with  669  deaths  and 
a  death  rate  of  2.8  from  the  same  cause  in  1892,  and  an  annual  mean 
of  3.2  for  the  twenty-year  period,  1874-93.  The  maximum  death 
nte  of  the  period  from  this  cause  was  10.2  per  10,000  in  1875,  and 
the  minimum  was  .8  in  1889. 
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Sex.  — The  deaths  of  males  in  1891  were  slightly  less  than  those 
of  females,  but  for  the  thirty-three-year  period  1861-93  the  death 
rate  of  males  was  greater  in  the  ratio  of  4.91  males  per  10,000  liv- 
ing to  4.62  females,  or  as  106  males  to  100  females  in  equal  num- 
bers living. 

Seasons  of  the  Tear.  —  The  greatest  mortality  from  scarlet-fever 
in  any  month  in  1893  occun*ed  in  January  and  the  least  in  August. 
Upon  a  monthly  standard  of  100  the  figures  show  a  maximuai  of 
134.2  for  January  for  the  thirty-three-year  period  (1861-93),  and  a 
minimum  of  55.6  for  September. 

Age. — The  deaths  of  children  under  five  from  scarlet-fever  were 
512,  and  those  of  children  from  5  to  10  years  were  219,  and  these 
deaths  constituted  90  per  cent,  of  the  total  mortality  from  scarletr 
fever  in  the  year  1893. 

For  the  thirty-three-year  period  (1861-93)  the  death  rate  from 
this  cause  among  children  under  5  years  of  age  was  30.2  per  10,000 
of  the  population  of  that  age.  the  death  rate  diminishing  for  each 
successive  age  period  to  a  ratio  of  only  .05  per  10,000  for  the  ages 
40-70  and  still  less  in  old  age.  The  deaths  and  death  rates  for  the 
separate  single  years  from  0  to  5  will  be  found  on  a  later  page. 

Diphtheria  and  Croup. 

The  deaths  from  diphtheria  and  croup  in  1893  were  1,394  and  the 
death  rate  5.7  per  10,000  of  the  population,  as  compared  with  1 ,455 
and  a  death  rate  of  6.1  per  10,000  in  1892,  and  an  annual  mean  of 
9.8  for  the  twenty-year  period  (1874-93).  The  maximum  death 
rate  for  the  period  from  diphtheria  and  croup  was  19.6  in  1876  and 
the  minimum  was  5.3  in  1891. 

Sex. — The  deaths  of  males  and  females  in  1893  were  exactly 
equal,  being  697  for  each  sex.  But  for  diphtheria  the  deaths  of 
females  exceeded  those  of  males  by  20,  and  for  croup  those  of  males 
were  the  greater  by  20 ;  and,  since  the  numbers  of  males  and 
females  in  the  living  population  are  nearly  equal  in  the  first  five  years 
of  life,  these  numbers  are  fairly  comparable.  For  the  whole  period  of 
thirty-three  years  (1861-93)  the  death  rate  of  males  from  diphtheria 
was  less  than  that  of  females,  in  the  ratio  of  6.14  males  per  10,000 
to  6.18  females,  or  as  99  males  to  100  females  in  equal  numbers 
living. 

Seasons  of  the  Year.  —  The  greatest  mortality  from,  these   com- 
bined causes  in  1893  was  in  November  (168  deaths)  and  the  least 
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waa  in  June  (75).  Upon  a  monthly  standard  of  100  for  the  period 
1861-93,  the  greatest  mortality  from  diphtheria  (134.4)  occurred  in 
November  and  the  least  (66.5)  in  August.  That  of  December 
(133.7)  was  nearly  as  great  as  that  of  November. 

For  croup  the  highest  monthly  mortality,  upon  the  same  basis 
(158.3),  was  in  December  and  the  least  was  in  July  (40.7).  In 
this  instance  also  the  mortality  for  November  (156.98)  was  nearly 
identical  with  that  of  December. 

Age.  —  The  deaths  of  children  under  5  from  diphtheria  in  1893 
were  670,  and  there  were  269  from  croup,  and  those  of  children  from 
5  to  10  years  of  age  from  the  same  causes  were  respectively  278  and 
51.  From  diphtheria  there  were  123  deaths  of  persons  over  10  years 
of  age,  and  from  croup  there  were  only  2. 

For  the  thirty-three-year  period  (1861-93)  the  death  rate  of  chil- 
dren under  5  from  diphtheria  was  32.7  per  10,000  living  of  the  same 
age,  and  for  the  next  period  (5-10  years)  it  was  18.6  per  10,000,  and 
diminishing  for  each  successive  period  to  the  age  40-50,  when  it  was 
.36,  and  then  remaining  nearly  the  same  with  but  little  variation  up 
to  old  age. 

The  death  rate  of  children  under  5  from  croup  for  the  same  period 
was  24.1  per  10,000  living  of  the  same  age,  that  of  the  age  5-10  was 
4.3  per  10,000,  while  that  of  all  succeeding  ages  from  croup  was 
extremely  slight. 

.    Typhoid  Fever. 

The  deaths  from  typhoid  fever  in  1893  were  750  and  the  death 
rate  per  10,000  was  3.1,  as  compared  with  827  deaths  and  a  death 
rate  of  3.5  in  1892.  The  mean  death  rate  of  the  twenty-year  period 
was  4.5  per  10,000.  The  maximum-  death  rate  from  this  cause  was 
7.1  in  1874,  the  first  year,  and  the  minimum  was  3.1  in  1893,  the 
last  year  of  the  period,  the  diminution  throughout  the  period  being 
comparatively  uniform. 

Sex. — The  deaths  of  males  were  425  and  those  of  females  were 
325  in  1893.  For  the  thirty-three-year  period  the  death  rate  of 
males  was  6.53  and  that  of  females  was  5.42  per  10,000,  or  in  the 
ratio  of  120  males  to  100  females  in  equal  numbers  living. 

Seasons  of  the  Year.  —  The  greatest  mortality  from  typhoid  fever 
occurred  in  September  and  October  and  the  least  in  March  and  May. 
For  the  thirty-three-year  period  (1861-93)  the  maximum  mortality 
on  a  monthly  standard  of  100  was  187.4  in  October  and  the  minimum 
(56.4)  was  in  June. 
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Liting  at  Each  Age  Period, 


Age.  — Of  the  750  registered  deaths  from  typhoid  fever  in  1893, 
49I9  or  65^  per  cent.,  were  those  of  persons  between  15  and  40  years 
of  age. 

The  following  figures  show  the  death  rates  at  different  ages  from 
typhoid  fever,  both  for  the  year  18!)3  and  for  the  thirty-three-year 
period  (1861-93).  They  are  here  introduced  because  not  only  has 
the  general  death  rate  from  this  disease  diminished,  but  the  death 
rates  at  the  different  ages  have  undergone  marked  changes  when  con- 
sidered in  relation  to  each  other,  the  greatest  chancres  having  taken 
place  at  the  extremes  of  life  Coincident  with  this  fact  it  should  be 
noted  that  in  the  earliest  years  of  this  period  (1861-93)  the  distinc- 
tive characteristics  of  typhoid  and  typhus  fevers  were  not  so  sharply 
defined  as  at  present,  and  cases  of  the  latter  disease  are  undoubtedly 
included  in  the  early  statistics  of  the  long  period. 

The  relative  mortality  from  typhoid  fever  at  different  ages  of  life 
shows  a  comparatively  uniform  incidence  for  the  youngest  ages  up 

Typhoid  f^b.  ^^  ^^  years,  with  a  considerable  in- 

j>tath  Raut  per  10,000  for  the  Fbpuiatum  creasc  bctweou  the  ages  of  15  and 

30,  and  a  more  decided  increase  from 
60  to  the  close  of  life,  for  the  thirty- 
three  years  1861-93.  For  the  year 
1893  there  is  an  increase  with  con- 
siderable uniformity  from  the  earliest 
period  up  to  the  age  period  15—30 
years,  while  for  the  remainder  of  life 
up  to  70  years  the  ratio  presents  a 
similar  average  rate  to  that  of  the 
period  10-15  years,  the  ratio  for  each  period  being  generally  less 
than  those  of  the  group  of  years  1861-93.  The  figure  1.58  for  the 
old-age  period,  80+,  for  1893,  must  be  regarded  as  having  but  little 
significance,  since  it  represents  the  ratio  for  3  deaths  only,  while 
that  of  the  thirty-three-year  period  represents  523  deaths. 

Cholera  Infantum. 
The  number  of  deaths  from  cholera  infantum  registered  in  1893 
was  2,704,  and  the  death  rate  was  11.1  per  10,000  of  the  living 
population,  as  compared  with  2,898  deaths  and  a  death  rate  of 
12.2  from  the  same  cause  in  1892.  The  mean  annual  death  rate 
of  the  twenty-year  period  (1874-93)  from  this  cause  was  11.1. 
The  maximum  death  rate  of  the  twenty  years  was  15.8  in  1875,  and 


Aoss. 

i8ei-»s. 

ISM. 

0-  6,  . 

5-10. . 
10-15,  . 
15-20,  . 

ao-30, . 

30-40,  . 
40-60, . 
60-flO,  . 
60-70,  . 
70-80,  . 
80  and  over, 

4.22 
8.65 
4.70 
9.15 
8.15 
4.02 
4.00 
4.05 
5.16 
10.76 
12.40 

O.Ol 
1.67 
2.12 
4.06 
4.40 
4.21 
2.24 
2.09 
2.87 
8.11 
1.58 
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the  minimam  was  7.7  in  1879.     The  birth  rate  of  the  same  year  was 
also  the  least  birth  rate  of  the  whole  period  of  registration. 

Sex.  —  The  deaths  of  males  from  cholera  infantum  in  1893  were 
1,423  and  those  of  females  were  1,281.  For  the  whole  period 
(1861-93)  the  death  rates  of  the  sexes  were  for  males  12.3  per 
10,000  and  for  females  10.0  of  the  living  population  at  all  ages. 

Since  the  mortality  from  this  disease  affects  appreciably  only  the 
age  period  0-5  years,  the  factors  employed  for  comparison  should 
be  the  numbers  of  each  sex  in  the  first  years  of  life,  in  which  age 
the  sex  distribution  is  more  uniform  than  that  of  the  general  popu- 
lation. Employing,  therefore,  this  distribution,  the  death  rate  of 
the  sexes  for  cholera  infantum  is  found  to  be  as  112  males  to  each 
100  females  in  equal  numbers  living. 

Seasons  of  (Jie  Year.  —  Of  the  whole  number  of  deaths  from 
cholera  infantum  in  1893,  2,395,  or  88.6  per  cent.,  occurred  in  the 
months  of  July,  August  and  September.  In  neither  of  the  six 
spring  and  winter  months  did  the  deaths  from  the  same  cause 
exceed  20.  Upon  a  monthly  standard  of  100  the  highest  mortality 
(459.2)  for  the  thirty-three-year  period  (1861-93)  occurred  in 
Augost,  and  the  least  (4.9)  in  February. 

Age, — Nearly  the  entire  mortality  from  this  disease  occurred  in 
the  first  period  of  life  (0-5  years) ,  both  for  the  year  1893  and  for 
the  thirty-three-year  period  (1861-93).  The  death  rate  per  10,000 
of  the  same  age  for  the  whole  period  was  106.5.  A  better  estimate 
may  be  found  on  a  later  page  for  single  years  of  life  for  a  seven 
year  period. 

Consumption. 

The  fiicts  in  regard  to  this  disease  will  be  treated  more  in  detail 
in  this  summary  than  those  which  relate  to  other  diseases,  for  two 
reasons:  first,  it  is  the  most  prominent  and  destructive  cause  of 
death;  second,  a  widespread  interest  in  this  disease  has  been 
created  by  the  discassions  relating  to  the  prevalence  of  tuberculosis 
among  cattle. 

The  whole  number  of  deaths  registered  as  from  consumption  (of 
the  lungs)  for  the  period  of  registration  (1842-93)  was  243,006. 

The  following  tables  present  the  number  of  deaths,  together  with 
the  death  rate  per  10,000  of  the  population,  the  percentage  of  the 
deaths  from  all  causes  for  each  year,  and  the  mean  death  rate  of 
five-year  periods  from  1851  to  1893  (forty-three  years).* 

•  The  Hgnxes  for  jempreTioiu  to  1851  are  defectiTO,  the  leturns  of  serena  dtlefl  and  towns 
being  omitted. 
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From  this  table  and  diagram  it  appears  that  there  has  been  a  pro- 
gressive and  quite  aniform  decrease  in  the  death  rate  from  consump- 
tion  in  Massachusetts  for  nearly  the  whole  period,  the  maximum 
and  minimum  death  rates  being  42.7  per  10,000of  the  population 
in  1853  and  22.7  in  1893,  the  last  year  of  the  period.  The  figures 
for  the  five-year  periods  were  as  follows ;  — 

Table  29, -- Death  RaU  from  Consumption  in  Massachusetts,  1851-93,  inFivt- 

year  Periods, 


1851^6, 
1866-60, 
1861-65, 


41.1 
38.9 
36.5 


1866-70. 
1871-75, 
1876-80, 


33.4 
34.6 


31.0 


1881-85, 
1886-90, 
1891-98, 


S1.4 
27.8 
23.6 
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Table  30.  —  Chnsumption, 


Death  Rate 

ATenigeD«'«th 

PercentMiTB  of 

Yeamb, 

IXmUw. 

p«r  10,000 

Rate  per  10,000 
LlTlng,  Flre- 

ToUl 

LtTlng. 

jear  Periods. 

Mortality. 

lo01|           •.•.*• 

8,982 

39.0 

>  41.1   i 

21.03 

1862, 

4,166 

39.7 

22.48 

1868. 

4,693 

42.7 

22.62 

1864. 

4,611 

41.8 

J               < 

21.63 

1866, 

4.760 

41.9 

22.84 

1866, 

4,701 

40.8 

\              f 

22.67 

1867, 

4.626 

39.5 

21.73 

1868, 

4,674 

88.4 

*  88.9  - 

22.02 

1869, 

4,704 

88.9 

22.43 

1860, 

4,667 

87.0 

/               k 

19.76 

1861, 

4,622 

86.6 

^               /■ 

18.78 

1862, 

4,269 

84.3 

18.68 

1863, 

4,667 

37.3 

►  36.5  ^ 

16.82 

1864, 

4,733 

87.6 

16.46 

1866» 

4,661 

86.8 

•               \ 

17.82 

1866, 

4,600 

86.3 

V                                      f 

19.46 

1867, 

4,862 

82.6 

>  83.4  < 

19.15 

1868. 

4,437 

82.2 

17.33 

1869, 

4,669 

82.9 

/                      v 

17.88 

1870, 

6,008 

84.3 

18.30 

1871, 

6,070 

83.9 

■\                    ' 

18.14 

1872. 

6,666 

86.3 

15.87 

1873, 

6,666 

86.3 

►  84.6   . 

16.38 

1874, 

6,284 

32.8 

16.57 

1876, 

6,788 

84.7 

\ 

16.40 

1876, 

6,327 

82.2 

1               f 

16.05 

1877, 

6,467 

82.0 

1 

17.41 

1878, 

6,334 

30.8 

•  31.0  { 

17.04 

1879, 

6,223 

29.7 

• 

1 

16.42 

lb80. 

6,494 

80.8 

J       I 

15.67 

1881, 

6,886 

32.4 

\              f 

16.14 

1882, 

6,865 

81.8 

15.93 

1883, 

6,931 

81.6 

.  81.4  . 

15.71 

1884. 

6,798 

30.4 

J       i 

15.67 

1886, 

6,966 

30.7 

15.63 

1886, 

6,897 

29.6 

N                               f 

15.83 

1887, 

6,871 

28.6 

14.40 

1888, 

6,728 

27.1 

.  27.8 

18.61 

1889, 

6,681 

25.7 

1 

18.86 

1890, 

6,791 

25.9 

J              i 

13.31 

1891, 

6,484 

28.8 

)             ( 

12.14 

1892. 

6,739 

24.2 

\  23.6  \ 

11.77 

1893. 

5,627 

22.7 

)             C        11. 26 

8ex  and  Age,  —  As  a  matter  of  convenience,  these  two  condi- 
tions, sex  and  age,  will  be  considered  together  with  reference  to  the 
mortality  from  consumption. 
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The  deaths  of  mules  from  consumption  in  1893  were  2,627  and 
those  of  females  were  2,900.  For  the  period  of  thirty-three  years 
(1861-93)  the  death  rote  of  males  was  29.1  per  10,000  and  that  of 
lemstes  was  32.3  per  10,000,  or  aa  90  males  to  100  females  in  equal 
Dombers  living.  This  difference  in  the  death  rate  of  the  sexes  has 
diminished,  since  the  deaths  for  the  seven  years  1887-93  show  that 
(bt  death  rate  of  males  was  as  95  to  each  100  females  in  equal  num- 
Inrs  living. 

The  death  rate  of  the  two  sexes  from  consumption  at  each  age 
period  is  presented  in  Table  31,  wherein  it  appears  that  the  death 
nte  of  females  is  greater  at  each  ago  up  to  the  period  30-40,  when 
the  death  rate  of  the  two  sexes  is  equal,  and  from  that  time  onward 
to  the  close  of  life  the  death  rate  of  males  is  the  greater. 

The  relative  difference  between  the  death  rate  of  males  and  that 
of  females  is  greatest  at  the  age  period  10-15,  when  the  death 
tste  of  females  from  consumption  is  three  times  as  great  as  that  of 
males.  In  the  next  period  (15-20)  the  death  rate  of  females  still 
renuias  the  greater  by  more  than  50  per  cent.  In  the  age  period 
50-GO,  on  the  other  band,  the  death  rate  of  males  becomes  the 
greater  by  nearly  50  per  cent.  (These  statistics  embrace  39,721 
deaths,  and  cover  the  period  of  seven  years,  the  census  figures  of 
1890  being  used  hero  as  the  basis  of  comparison,  that  year  being 
the  mid-year  of  the  period.) 

The  Sgares  in  the  last  column  of  this  seven-year  table  may  be 
compared  with  those  of  the  thirty-three-year  table  (Table  37), 
CompariDg  the  long  period  of  thirty-throe  years  with  the  short  or 
closing  period  of  seven  years,  it  appears  that  the  decrease  in  the 
death  rate  from  consumption  has  taken  place  at  every  period  of 
life,  bat  the  greatest  relative  decrease  was  in  the  ages  from  60 
onnard  to  the  close  of  life,  and  the  least  was  in  the  period  10-15 
yeata. 

XarialUy  from  CtonmmplHm,  %  8^  and  Ages,  Mastachuiettt. 
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Table  81. 

-Mortaiayjrom  CoTZSumption,  by  Age  and  8tx,  1887-93. 

DUTH   Rat 

R   FBOH   Cons 

CBPMOB     «. 

isn-n. 

1M7-M. 

iiun)  0> 

"pmuon'm 

'"jLm™j^ 

AOU. 

UBT^.'*" 

MHO. 

Ytatim. 

lajii. 

r<iiuk>. 

ToUU. 

Under  6,      . 

1,716 

861 

854 

11.2 

11.3 

11.3 

6  to  10,      . 

376 

168 

218 

2.3 

3.2 

2.7 

10  to  15,      . 

808 

202 

606 

3.0 

9.1 

6.0 

16  to  20,      . 

S,7S!2 

1.379 

3,343 

18.9 

80.3 

24.8 

20  to  ao,    . 

12,339 

6,492 

6,847 

35.4 

40.1 

37.9 

80  to  40,      . 

8,557 

4,212 

4,346 

35.8 

35.8 

35.8 

40  to  60.      . 

6.119 

2,643 

2.476 

30.7 

27.2 

2a. 9 

60  to  60,      . 

3,204 

1.815 

1,389 

30.9 

21.0 

25.7 

60  to  70,      . 

2,261 

1.203 

1,058 

24.9 

28.3 

70  to  80.      . 

1,248 

609 

639 

34.1 

30.1 

31.9 

Over  80,      . 

294 

121 

173 

24.9 

22.6 

23.6 

Ages  nut  stated,. 

78 

34 

44 

- 

Totals, 

39,721 

18,729 

20,992 

- 

- 

- 

Mean,  . 

.      - 

- 

- 

24.6 

26,0 

25.3 
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Seasons  of  the  Year,  —  The  comparative  uniformity  io  the  mor- 

tion  throughout  the  year 
makes  it  especially  neces- 
sary to  eliminate  the  in- 
equality in  the  lengths  of 
the  months,  if  exactness  in 
comparison  is  sought.  As 
an  example,  the  least  num- 
ber of  deaths  from  consump- 
tion in  any  month  in  1893 
was  414  in  February;  but, 
if  the  relative  intensity  is 
desired,  the  deaths  in  equal 
periods  of  time  were  greater 
in  February  than  those  of 
any  other  month  except 
January,  March,  April  and 
May.  This  appears  also  to  be  true  of  the  long  period  of  thirty- 
three  years  (1861-93).      Upon  a  monthly  standard  of  100    the 


%. 
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monthly  departnres  from  the  mean  were  as  follows  for  the  thirty- 
three-year  period :  — 


In  Janaaij, 
Febnuiry, 
March,  . 
April,  . 
May,  . 
June,     . 


+2.4 
+4.0 
+8.3 
+8.6 
+6.5 
—6.7 


In  July, — 6.6 

August, —2.9 

September,    ....  — 1.9 

October,        .        .        .        .  — 8.6 

November,    ....  —4.5 

December,     ....  — 2.7 


Density  of  Population.  —  The  effect  of  density  of  population 
npon  the  mortality  from  consumption  is  shown  by  the  following 
figures,  in  which  the  mortality  of  dense  districts  is  assumed  to  be 

1,000:  — 


Mortality  from  consumption  in  dense  districts,  • 
Mortality  from  consumption  in  medium  districts,  . 
Mortality  from  consumption  in  sparse  districts. 


1,000 
810 
727 


In  using  the  foregoing  terms,  the  word  dense  applies  to  districts 
haTing  less  than  one  acre  to  each  inhabitant,  medium  applies  to 
those  districts  in  which  there  was  more  than  one  acre  but  less  than 
foar  acres  to  each  inhabitant,  and  sparse  applies  to  those  districts  in 
which  there  were  more  than  four  acres  to  each  inhabitant. 

The  data  in  the  foregoing  paragraph  were  compiled  from  a  total 
of  112,604  deaths  from  consumption. 


1000 


^meBIuW^ 


610 


727 


(^^ograpkml  Distribution. — The  following  statement  is  taken 
from  a  paper  on  the  **  Geographical  Distribution  of  certain  Causes 
of  Death  in  Massachusetts,"  in  the  twenty-third  annual  report  of  the 
Stste  Board  of  Health,  1891 :  — 

It  appears  that  the  mortality  from  phthisis  in  Massachusetts  diminishes 
io  its  ratio  to  the  distance  from  the  sea-coast.  Dividing  the  State  counties 
into  the  foUowing  groups,  the  mortality  from  phthisis  was  as  follows :  — 
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OBOUPS. 


Annaal  Ratio  of 

Mortalltjr  from 

Pbthltit  per  10,000 

of  PopalaUon. 


1.  All  of  the  sea-eoMt  coantlea  exoept  Suffolk, 

2.  Woroettar  County, 

8.  The  Connectient  River  eoaotlea,  . 

4.  Berkehlre  County, 


81.1 
27.9 
27.6 
28.7 


Nantacket,  at  the  extreme  east,  and  with  an  insalar  climate,  had  a  ratio 
of  45.3.  I  have  excepted  Suffolk  County  from  the  foregoing  list,  for  the 
reason  that  its  excessive  density  of  population  and  the  existence  in  Boston 
of  several  large  hospitals  and  places  where  consumptives  are  received  as 
patients  may  be  considered  as  having  much  greater  influence  than  geo- 
graphical position  upon  the  phthisis  death  rate.  Admitting  Suffolk  Coanty 
to  the  list,  with  its  mortality  ratio  of  38.1,  the  mortality  rate  of  the  group 
thus  constituted  would  be  33.1. 

If  we  assume  the  mortality  from  phthisis  in  the  western  county  (Berk- 
shire) as  1,000,  that  of  the  Connecticut  valley  counties  was  1,160 ;  that  of 
Worcester  County  was  1,177;  that  of  the  sea-coast  counties  (except  Suf- 
folk) was  1,312 ;  that  of  Suffolk  was  1,608  ;  that  of  Nantucket  was  1,911. 

A  similar  observation  was  made  by  Dr.  H.  I.  Bowditch,  in  his  paper 
entitled  *^  Consumption  in  Massachusetts/'  and  at  a  later  date  it  was  also 
very  clearly  shown  by  Dr.  W.  Everett  Smith,  in  another  paper  before  the 
Massachusetts  Medical  Society  in  1888. 

Classijication  by  Towns. 

In  examining  the  list  of  cities  and  towns,  the  10  towns  having  the  lowest 
ratios  upon  the  list  are  all  small  towns,  having  an  average  population  in 
each  of  but  828.  Three  only  had  more  than  1,000  inhabitants  in  each. 
Four  of  the  number  are  Berkshire  towns.  New  Ashford,  lowest  in  rank, 
is  a  small  town  of  203  inhabitants  (census  of  1880),  upon  very  high  land, 
south-west  of  Mt.  Greylock,  the  highest  land  in  the  State.  It  has  a  popu- 
lation devoted  almost  exclusively  to  farming.  Dunstable,  Littleton  and 
Burlington  are  thrcQ  farming  towns  of  small  population,  situated  in  north- 
ern Middlesex,  and  not  far  apart.  Their  inhabited  portions  are  mostly 
high  and  dry.  Nahant,  Revere  and  Wintbrop  are  three  nearly  contiguous 
towns  upon  the  sea-coast,  each  having  a  resident  and  transient  summer 
population  of  considerable  size,  in  addition  to  the  permanent  population. 

Of  the  32  towns  in  Berkshire,  7  held  positions  more  than  fifty  per  cent, 
lower  than  the  average  of  the  State  in  their  mortality  from  consumption, 
and  only  1  of  the  number,  the  small  town  of  Alford,  had  a  death  rate  from 
this  cause  which  was  higher  than  that  of  the  State. 
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There  was  not  one  town  in  the  State  in  which  there  was  no  death  from 
eonsamptioD  in  the  twenty  years,  and  the  number  of  deaths  ranged  from  2 
only  in  New  Ashford  up  to  28,666  in  Boston* 

The  first  city  to  appear  in  the  list  is  Newton,  ranking  as  60  (the  State 
being  100),  and  followed  by  other  cities  in  the  following  order :  — 


Newtoa, 

60 

CbelMtt, 

.       .       08 

Salem 

.       .     108 

FfttifirU,      . 

75 

Holyok««     .       . 

.       •       08 

Lynn,  .       •       •       . 

.       .     104 

ttJOOCBrtCTf   •           ■            • 

n 

Wobnnii            • 

.       .       08 

New  Bedford,     . 

.       .     106 

QBtecy. 

n 

Taantoo,     . 

.       .       04 

FallRlTer,  . 

.     107 

71lchb«rK»    ... 

88 

Broekion,    • 

.       .       04 

CbleopMt     . 

.     113 

MaUcb,         •         .         .          . 

86 

CuBbridg*,  • 

.       .       04 

Lowell,        .       . 

.       .     114 

SpringfitM.  .         .         .          . 

80 

MArlboroagh, 

.       .       06 

Newbnrypoit,     • 

.       .     114 

BoBwnlUe,  .        .         .         . 

80 

NorthimptOD,     . 

.       .       07 

LftwreDoe,    • 

.       .      182 

WofitKllftr,  •         •         •         • 

00 

HftTerblll,    . 

.       .       06 

BoetOD, 

.       .      187 

WtUiam,     .        .         •         . 

01 

Thi  State, 

.       .      100 

At  the  other  extreme,  the  two  small  Indian  towns  of  Gay  Head  and 
litthpee  only  had  phthisis  death  rates  more  than  fifty  per  cent,  higher 
than  the  average. 

Oat  of  the  14  towns  of  which  Barnstable  Connty  was  comprised  at  the 
beginmng  of  the  period  (1871-90),  9  are  to  be  fonnd  among  those  having 
a  mortality  rate  from  phthisis  as  great  as  or  greater  than  that  of  the  State 
at  large. 

Of  the  58  cities  and  towns  which  had  high  ratios  (higher  than  those  of 
the  Stale),  36  were  in  the  sea-coast  and  island  counties  of  Essex,  Suffolk, 
I^orfolk,  Bristol,  Plymouth,  Barnstable,  Dukes  and  Nantucket.  These  86 
towns  contained  over  85  per  cent,  of  the  population  of  the  group  of  58. 
Nineteen  out  of  this  number  are  situated  immediately  upon  the  sea-coast. 

The  only  cities  and  large  towns  having  high  ratios  of  mortality  from 
phthisis,  and  also  located  at  a  considerable  distance  from  the  sea-coast,  are 
Lowell,  Chicopee,  Ware  and  Milford. 

A  similar  tabulation  was  made  in  1865  by  Dr.  George  Derby,  afterward 
secretary  of  the  State  Board  of  Health.  This  table  included  a  period  of 
ten  jean,  none  of  which  were  within  the  time  of  the  present  inquiry.  These 
were  the  ten  years  1856-65. 

From  his  pablished  list  of  towns  having  high  and  low  mortality  from  con- 

samption  we  find  that  13  towns  in  the  list  of  low  mortality  are  west  6t  tlye 

Coanecticot  Raver.     Twenty-three  out  of  the  25  continued  to  have  low  or 

oomparatiTely  bw  ratios  in  the  later  period,  and  among  these  Nahant, 

Weatonj  fiichmond   and  New  Ashford  retained  positions  quite  near  the 

minimam  in  both  periods. 
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In  the  lists  of  towns  having  high  mortality  from  consamption  the  names 
of  Randolph,  Chatham  and  Orleans  appear  in  both  groups,  while  Fall  River, 
Ware  and  Rockport  appear  in  the  former  list,  and  also  have  comparatively 
high  positions  in  the  later  list.  The  two  small  towns  of  Wales  and  Oak- 
ham show  a  very  marked  improvement,  having  been  the  ninth  and  tenth  in 
point  of  high  mortality  in  the  earlier  list,  while  in  the  later  list  (1871-90) 
Wales  appears  among  the  20  towns  having  lowest  mortality,  and  Oakham 
has  a  comparatively  low  position.  The  towns  of  Upton,  Northfield,  Russell, 
Salisbury,  Millbury,  Royalston,  Tyngsborough,  Enfield,  Chesterfield,  West 
Newbury,  Ashby,  Pepperell  and  Lunenburg  changed  their  position  from  a 
high  to  a  comparatively  low  rank. 

Among  the  cities,  Newton  maintains  a  very  low  rank  in  each  table,  and 
Holyoke,  which  was  a  small  town  in  the  earlier  period,  was  lowest  in  the 
earlier  list  but  has  an  intermediate  place  in  the  later  table. 

In  the  earlier  table  Fall  River  was  the  only  city  among  the  20  places  hav- 
ing the  highest  mortality  from  phthisis,  but  in  the  later  list  Boston  appears 
among  the  20  highest  as  the  city  having  highest  ratio  of  mortality  from 
phthisis ;  while  Lawrence,  Newburyport,  Lowell  and  Chicopee  follow  in  the 
order  named,  and  Fall  River  takes  a  lower  position  than  either  of  these. 

Another  condition  favorable  to  the  development  of  phthisis  is  location  at 
a  low  level  as  compared  with  the  level  of  the  sea.  Berkshire,  Franklin  and 
the  other  western  counties,  having  low  ratios  of  mortality  from  this  cause, 
are  all  at  elevations  much  higher  than  the  sea-coast  counties. 

Further  and  more  detailed  information  relative  to  the  mortality 
from  consumption  in  each  city  and  town  in  the  State  may  be  found 
in  the  twenty-third  annual  report  of  the  Board,  already  mentioned, 
pages  844-855. 

Pneumonia. 

The  deaths  from  pneumonia  in  the  State  in  1893  were  5,499  and 
the  death  rate  per  10,000  of  the  population  was  22.6,  as  compared 
with  a  death  rate  of  21.2  in  1892.  There  has  been  an  increase  in 
the  mortality,  comparing  the  first  years  of  the  twenty-year  period 
(1874-93)  with  the  closing  years  of  the  period.  The  mean  death 
rate  of  the  period  was  16.6.  The  minimum  death  rate  from  this 
cause  was  11.6  in  1877  and  the  maximum  was  22.6  in  1893. 

^ex.. —  The  death  rate  of  males  was  greater  than  that  of  females » 
being,  for  the  period  of  thirty-three  years,  ending  with  1893,  16.  L 
per  10,000  living  males  and  14.4  per  10,000  females,  or  as  112 
males  to  each  100  females  in  equal  numbers  living. 
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Sea9on8  of  the  Year.  —  The  greatest  mortality  from  this  cause  in 
1893  vas  in  the  months  of  April  and  December,  and  the  least  in 
August  and  September.  For  the  whole  period  of  thirty-three 
years  (1861-93)9  ftnd  upon  a  mean  monthly  standard  of  100,  the 
greatest  mortality  was  in  January  (160.9)  and  March  (157.0),  and 
the  least  was  in  August  (33.5)  and  July  (41.4). 

Age,  —  The  mortality  at  different  ages  from  pneumonia  for  1893 

is  shown  in  Table  28,  wherein  the  greatest  absolute  number  of 

deaths  is  found  to  have  occurred  in  the  age  period  0-5  years  and 

the  least  in  the  period  10-15  years.     But  these  figures  have  little 

significance  when  compared  with  the  relative  death  rates  shown  in 

Table  27  for  the  thirty-three-year  period  ending  with  1893.     By 

this  table  it  appears  that  the  highest  mortality  from  pneumonia  was 

at  the  period  80  years  and  over,  wherein  it  was  131.7  per  10,000 

living  of  that  age.     The  next  highest  death  rate  (74.6  per  10,000) 

was  at  the  period  70-80  years,  and  the  next  (45.2)  at  the  earliest 

period  of  life,  0-5  years.     The  death  rates  of  the  four  periods  of  life 

50-60, 60-70,  70-80  and  all  over  80,  from  this  cause,  increase  at  very 

nearly  a  geometric  ratio. 


Dysentery. 

The  whole  number  of  deaths  from  dysentery  in  1893  was  231,  and 
the  dcAth  rate  0.95  per  10,000,  as  compared  with  0.81  in  1892. 
Compare  whole  period. 

Set, — For  the  single  year  1893  the  deaths  of  females  were  con- 
siderably greater  in  number  than  those  of  males,  being  134  of  the 
fonner  to  97  of  the  latter.  But  for  the  thirty-three-year  period 
eadiDgwith  1893  the  death  rates  of  males  and  females  were  nearly 
equal,  the  mean  annual  death  rate  of  males  being  2.88  per  10,000 
and  those  of  females  2.82,  or  in  the  ratio  of  102  males  to  each  100 
females  in  equal  numbers  living. 

SeaxoM  of  the  Year. — The  deaths  from  this  cause  in  the  six  win- 
ter and  spring  months  of  1893,  as  well  as  in  the  same  months  of  the 
thirty-three-year  period,  were  comparatively  small.  Upon  a  mean 
monthly  standard  of  100  the  deaths  from  this  cause  in  these  six 
iDonths  did  not  exceed  18.1,  while  the  highest  mortality,  according 
to  the  same  standard,  was  in  the  months  of  August  and  September 
(402.4  and  324.6). 
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Age.  —  The  highest  death  rate  from  this  cause  for  the  whole 
series  of  thirty-three  years  was  at  the  old-age  period,  over  80  years, 
in  which  it  was  25.9  per  10,000,  and  the  next  highest  was  13. B  per 
10,000  and  at  the  other  extreme  of  life  (0-5  years).  The  mean 
annual  death  rate  of  each  of  the  age  periods  from  10  to  40  years  was 
less  than  one  per  10,000  living,  and  that  of  the  next  period  (40-50) 
was  but  little  more  than  one  per  10,000. 


Whooping-cough y   Cancer^  Kidney  Diseases^   Heart  Diseases   and 

Brain  Diseases, 

The  figures  for  these  causes  of  death  embrace  only  the  absolute 
numbers  for  each  of  the  twenty  years  1874-93,  together  with  the 
gross  death  rates  and  percentages  of  the  total  mortality.  The 
subject  of  whooping-cough  will  be  treated  more  in  detail  at  a  later 
part  of  the  general  report  of  the  Board. 

Whooping-cough.  —  The  deaths  from  this  cause  in  1893  were  274 
and  the  death  rate  1.1,  as  compared  with  1.0  in  1892  and  an  annual 
mean  of  1.4  for  the  twenty-year  period  (1874-93). 

Cancer.  —  The  deaths  from  cancer  in  1893  were  1,533  and  the 
death  rate  was  6.3  per  10,000,  as  compared  with  5.9  in  1892.  The 
mean  annual  death  rate  of  the  twenty-year  period  from  this  cause 
was  5.3  per  10,000.  The  maximum  death  rate  was  that  of  1893, 
6.3,  and  the  minimum  was  3.5  in  1875.  The  death  rate  from  this 
cause  has  increased  with  considerable  uniformity  from  3.6  in  1874 
to  6.3  in  1893.  For  the  twenty  years  ending  with  1893  the  deaths 
of  females  from  this  cause  have  constituted  more  than  70  per  cent, 
of  the  total  mortality  from  cancer. 

Kidney  Diseases.  —  The  number  of  deaths  from  kidney  diseases 
in  1893  was  1,685  and  the  death  rate  6.9  per  10,000  of  the  popula- 
tion, as  compared  with  a  death  rate  of  6.5  in  1892  and  a  mean 
annual  death  rate  for  the  twenty-year  period  1874-93  of  5.0. 
The  maximum  death  rate  from  this  cause  was  6.9  in  the  last  year  of 
the  twenty-year  period,  and  the  minimum  (2.9)  was  in  the  first  and 
third  years,  1874  and  1876. 

The  deaths  at  different  ages  from  kidney  diseases  show  that  the 
relative  mortality  is  fairly  uniform  for  the  first  ages  of  life  up  to  30 
years  of  age,  except  the  period  5  to  10  years,  which  is  less  than 
half  that  of  either  of  the  other  early  periods  of  life.     After  30 
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years  it  increases  rapidly  up  to  the  close  of  life,  being,  for  the 
period  80  years  and  over,  more  than  fifty-fold  as  great  as  at  age 
6-10. 

Heart  Diseases.  —  The  number  of  deaths  from  this  group  of 
causes  in  1893  was  3,511  and  the  death  rate  was  14.4  per  10,000  of 
the  population,  as  compared  with  a  death  rate  of  15.7  from  the 
same  causes  in  1892  and  a  mean  annual  death  rate  of  11.8  for  the 
twenty-year  period.  The  maximum  death  rate  of  the  period  was 
15.7  in  1892  and  the  minimum  was  7.9  in  1874  and  1877. 

The  deaths  from  heart  diseases  were  for  the  census  years  1850-90 
from  three  to  four  times  as  great  in  the  period  0-5  years  as  for 
either  of  the  following  periods  up  to  30  years,  and  then  increased 
rapidly  up  to  the  close  of  life. 

Brain  Diseases.  —  Under  this  title  are  grouped  the  deaths  regis- 
tered as  from  apoplexy,  paralysis,  cephalitis,  insanity,  softening  of 
the  brain  and  the  general  term  brain  disease. 

The  number  of  deaths  from  this  group  of  causes  for  1893  was 
5,144  and  the  death  rate  was  21.1  per  10,000  of  the  estimated  popu- 
lation, as  compared  with  a  death  rate  from  the  same  causes  of  21.2 
in  1892  and  a  mean  annual  death  rate  of  18.7  for  the  twenty-year 
period.  The  maximum  death  rate  from  the  same  causes  was  21.2 
in  1892  and  the  minimum  was  14.8  in  1877. 

Erysipelas.  —  The  deaths  from  erysipelas  in  1893  were  251,  or  1 
per  10,000  of  the  population.  The  deaths  from  puerperal  fever 
were  40,  or  less  than  .2  per  10,000  of  the  population.  The  deaths 
from  other  incidents  of  childbiith  were  235,  or  .9  per  10,000  of  the 
population. 

Certain  Infectious  and  Communicable  Diseases  not  Ordinarily  very 
Destructive  to  Large  Numbers  of  People^  including  Certain  Dis- 
eases catised  by  Infection  from  the  Lower  Animals. 

Malarial  Severs.  —  The  number  of  deaths  registered  as  due  to 
ague  and  remittent  fever  was  86,  of  which  number  48  were  males 
and  38  were  females.  The  greatest  number  in  any  month  (12) 
occurred  in  May  and  the  least  (4)  in  January.  Nine  were  under  5 
years  and  53  were  between  20  and  70  years. 

The  deaths  from  these  causes  for  the  ten  years  ending  with  1893 
were  as  follows :  — 
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Age,  —  The  highest  death  rate  from  this  cause  for  the  whole 
series  of  thirty-three  years  was  at  the  old-age  period,  over  80  years, 
in  which  it  was  25.9  per  10,000,  and  the  next  highest  was  13. H  per 
10,000  and  at  the  other  extreme  of  life  (0-5  years).  The  mean 
annual  death  rate  of  each  of  the  age  periods  from  10  to  40  years  was 
less  than  one  per  10,000  living,  and  that  of  the  next  period  (40-50) 
was  but  little  more  than  one  per  10,000. 


Whooping-cough f   Cancer^  Kidney  Diseases^   Heart  Diseases   and 

Brain  Diseases. 

The  figures  for  these  causes  of  death  embrace  only  the  absolute 
numbers  for  each  of  the  twenty  years  1874-93,  together  with  the 
gross  death  rates  and  percentages  of  the  total  mortality.  The 
subject  of  whooping-cough  will  be  treated  more  in  detail  at  a  later 
part  of  the  general  repoit  of  the  Board. 

Whooping-cough.  —  The  deaths  from  this  cause  in  1893  were  274 
and  the  death  rate  1.1,  as  compared  with  1.0  in  1892  and  an  annual 
mean  of  1.4  for  the  twenty-year  period  (1874-93). 

Cancer, — The  deaths  from  cancer  in  1893  were  1,533  and  the 
death  rate  was  6.3  per  10,000,  as  compared  with  5.9  in  1892.  The 
mean  annual  death  rate  of  the  twenty-year  period  from  this  cause 
was  5.3  per  10,000.  The  maximum  death  rate  was  that  of  1893, 
6.3,  and  the  minimum  was  3.5  in  1875.  The  death  rate  from  this 
cause  has  increased  with  considerable  uniformity  from  3.6  in  1874 
to  6.3  in  1893.  For  the  twenty  years  ending  with  1893  the  deaths 
of  females  from  this  cause  have  constituted  more  than  70  per  cent, 
of  the  total  mortality  from  cancer. 

Kidney  Diseases.  —  The  number  of  deaths  from  kidney  diseases 
in  1893  was  1,685  and  the  death  rate  6.9  per  10,000  of  the  popula- 
tion, as  compared  with  a  death  rate  of  6.5  in  1892  and  a  mean 
annual  death  rate  for  the  twenty-year  period  1874-93  of  5.0. 
The  maximum  death  rate  from  this  cause  was  6.9  in  the  last  year  of 
the  twenty-year  period,  and  the  minimum  (2.9)  was  in  the  first  and 
third  years,  1874  and  1876. 

The  deaths  at  different  ages  from  kidney  diseases  show  that  the 
relative  mortality  is  fairly  uniform  for  the  first  ages  of  life  up  to  30 
years  of  age,  except  the  period  5  to  10  years,  which  is  less  than 
half  that  of  either  of  the  other  early  periods  of  life.     After  30 
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years  it  increases  rapidly  up  to  the  close  of  life,  being,  for  the 
period  80  years  and  over,  more  than  fifty-fold  as  great  as  at  age 
5-10. 

Heart  Diseases.  —  The  number  of  deaths  from  this  group  of 
causes  in  1893  was  3,511  and  the  death  rate  was  14.4  per  10,000  of 
the  population,  as  compared  with  a  death  rate  of  15.7  from  the 
same  causes  in  1892  and  a  mean  annual  death  rate  of  11.8  for  the 
twenty-year  period.  The  maximum  death  rate  of  the  period  was 
15.7  in  1892  and  the  minimum  was  7.9  in  1874  and  1877. 

The  deaths  from  heart  diseases  were  for  the  census  years  1850-90 
from  three  to  four  times  as  great  in  the  period  0-5  years  as  for 
either  of  the  following  periods  up  to  30  years,  and  then  increased 
rapidly  up  to  the  close  of  life. 

Brain  Diseases.  —  Under  this  title  are  grouped  the  deaths  regis- 
tered as  from  apoplexy,  paralysis,  cephalitis,  insanity,  softening  of 
the  brain  and  the  general  term  brain  disease. 

The  number  of  deaths  from  this  group  of  causes  for  1893  was 
5,144  and  the  death  rate  was  21.1  per  10,000  of  the  estimated  popu- 
lation, as  compared  with  a  death  rate  from  the  same  causes  of  21.2 
in  1892  and  a  mean  annual  death  rate  of  18.7  for  the  twenty-year 
period.  The  maximum  death  rate  from  the  same  causes  was  21.2 
in  1892  and  the  minimum  was  14.8  in  1877. 

Erysipelas.  —  The  deaths  from  erysipelas  in  1893  were  251,  or  1 
{)er  10,000  of  the  population.  The  deaths  from  puerperal  fever 
were  40,  or  less  than  .2  per  10,000  of  the  population.  The  deaths 
from  other  incidents  of  childbiith  were  235,  or  .9  per  10,000  of  the 
population. 

Certain  Infectious  and  Communicable  Diseases  not  Ordinarily  very 
Destructive  to  Large  Numbers  of  People^  induding  Certain  Dis- 
eases caused  by  Infection  from  the  Lower  Animals, 

Malarial  Severs.  —  The  number  of  deaths  registered  as  due  to 
ague  and  remittent  fever  was  86,  of  which  number  48  were  males 
and  38  were  females.  The  greatest  number  in  any  month  (12) 
occurred  in  May  and  the  least  (4)  in  January.  Nine  were  under  5 
jears  and  53  were  between  20  and  70  years. 

The  deaths  from  these  causes  for  the  ten  years  ending  with  1893 
were  as  follows :  — 
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Age.  —  The  highest  death  rate  from  this  cause  for  the  whole 
series  of  thirty-three  years  was  at  the  old-age  period,  over  80  years, 
in  which  it  was  25.9  per  10,000,  and  the  next  highest  was  13. B  per 
10,000  and  at  the  other  extreme  of  life  (0-5  years).  The  mean 
annual  death  rate  of  each  of  the  age  periods  from  10  to  40  years  was 
less  than  one  per  10,000  living,  and  that  of  the  next  period  (40-50) 
was  but  little  more  than  one  per  10,000. 


WAooptng-coughy   Cancer^  Kidney  Diseases^   Heart  Diseases   and 

Brain  Diseases. 

The  figures  for  these  causes  of  death  embrace  only  the  absolute 
numbers  for  each  of  the  twenty  years  1874-93,  together  with  the 
gross  death  rates  and  percentages  of  the  total  mortality.  The 
subject  of  whooping-cough  will  be  treated  more  in  detail  at  a  later 
part  of  the  general  report  of  the  Board. 

Whooping-cough.  —  The  deaths  from  this  cause  in  1893  were  274 
and  the  death  rate  1.1,  as  compared  with  1.0  in  1892  and  an  annual 
mean  of  1.4  for  the  twenty-year  period  (1874-93). 

Cancer.  —  The  deaths  from  cancer  in  1893  were  1,533  and  the 
death  rate  was  6.3  per  10,000,  as  compared  with  5.9  in  1892.  The 
mean  annual  death  rate  of  the  twenty-year  period  from  this  cause 
was  5.3  per  10,000.  The  maximum  death  rate  was  that  of  1893, 
6.3,  and  the  minimum  was  3.5  in  1875.  The  death  rate  from  this 
cause  has  increased  with  considerable  uniformity  from  3.6  in  1874 
to  6.3  in  1893.  For  the  twenty  years  ending  with  1893  the  deaths 
of  females  from  this  cause  have  constituted  more  than  70  per  cent, 
of  the  total  mortality  from  cancer. 

Kidney  Diseases.  —  The  number  of  deaths  from  kidney  diseases 
in  1893  was  1,685  and  the  death  rate  6.9  per  10,000  of  the  popula- 
tion, as  compared  with  a  death  rate  of  6.5  in  1892  and  a  mean 
annual  death  rate  for  the  twenty-year  period  1874-93  of  5.0. 
The  maximum  death  rate  from  this  cause  was  6.9  in  the  last  year  of 
the  twenty-year  period,  and  the  minimum  (2.9)  was  in  the  first  and 
third  years,  1874  and  1876. 

The  deaths  at  different  ages  from  kidney  diseases  show  that  the 
relative  mortality  is  fairly  uniform  for  the  first  ages  of  life  up  to  30 
years  of  age,  except  the  period  5  to  10  years,  which  is  less  than 
half  that  of  either  of  the  other  early  periods  of  life.     After  30 
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years  it  increases  rapidly  up  to  the  close  of  life,  being,  for  the 
period  80  years  and  over,  more  than  fifty-fold  as  great  as  at  age 
5-10. 

Heart  Diseases.  —  The  number  of  deaths  from  this  group  of 
causes  in  1893  was  3,511  and  the  death  rate  was  14.4  per  10,000  of 
the  population,  as  compared  with  a  death  rate  of  15.7  from  the 
same  causes  in  1892  and  a  mean  annual  death  rate  of  11.8  for  the 
twenty-year  period.  The  maximum  death  rate  of  the  period  was 
15.7  in  1892  and  the  minimum  was  7.9  in  1874  and  1877. 

The  deaths  from  heart  diseases  were  for  the  census  years  1850-90 
from  three  to  four  times  as  great  in  the  period  0-5  years  as  for 
either  of  the  following  periods  up  to  30  years,  and  then  increased 
rapidly  up  to  the  close  of  life. 

Brain  Diseases.  —  Under  this  title  are  grouped  the  deaths  regis- 
tered as  from  apoplexy,  paralysis,  cephalitis,  insanity,  softening  of 
the  brain  and  the  general  term  brain  disease. 

The  number  of  deaths  from  this  group  of  causes  for  1893  was 
5,144  and  the  death  rate  was  21.1  per  10,000  of  the  estimated  popu- 
lation, as  compared  with  a  death  rate  from  the  same  causes  of  21.2 
in  1892  and  a  mean  annual  death  rate  of  18.7  for  the  twenty-year 
period.  The  maximum  death  rate  from  the  same  causes  was  21.2 
in  1892  and  the  minimum  was  14.8  in  1877. 

Erysipelas. — The  deaths  from  erysipelas  in  1893  were  251,  or  1 
per  10,000  of  the  population.  The  deaths  from  puerperal  fever 
were  40,  or  less  than  .2  per  10,000  of  the  population.  The  deaths 
from  other  incidents  of  childbiith  were  235,  or  .9  per  10,000  of  the 
population. 

Certain  Infectious  and  Communicable  Diseases  not  Ordinarily  very 
Destructive  to  Large  Numbers  of  People^  including  Certain  Dis- 
eases caused  by  Infection  from  the  Lower  Animals. 

Malarial  Fevers.  —  The  number  of  deaths  registered  as  due  to 
ague  and  remittent  fever  was  86,  of  which  number  48  were  males 
and  38  were  females.  The  greatest  number  in  any  month  (12) 
occurred  in  May  and  the  least  (4)  in  January.  Nine  were  under  5 
years  and  53  were  between  20  and  70  years. 

The  deaths  from  these  causes  for  the  ten  years  ending  with  1893 
were  as  follows :  — 
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Age.  —  The  highest  death  rate  from  this  cause  for  the  whole 
series  of  thirty-three  years  was  at  the  old-age  period,  over  80  years, 
in  which  it  was  25.9  per  10,000,  and  the  next  highest  was  13. (>  per 
10,000  and  at  the  other  extreme  of  life  (0-5  years).  The  mean 
annual  death  rate  of  each  of  the  age  periods  from  10  to  40  years  was 
less  than  one  per  10,000  living,  and  that  of  the  next  period  (40-50) 
was  but  little  more  than  one  per  10,000. 


Whooping-cough^   Cancer^  Kidney  Diseases,   Heart  Diseases    and 

Brain  Diseases. 

The  figures  for  these  causes  of  death  embrace  only  the  absolute 
numbers  for  each  of  the  twenty  years  1874-93,  together  with  the 
gross  death  rates  and  percentages  of  the  total  mortality.  The 
subject  of  whooping-cough  will  be  treated  more  in  detail  at  a  later 
part  of  the  general  repoit  of  the  Board. 

Whooping-cough.  —  The  deaths  from  this  cause  in  1893  were  274 
and  the  death  rate  1.1,  as  compared  with  1.0  in  1892  and  an  annual 
mean  of  1.4  for  the  twenty-year  period  (1874-93). 

Cancer.  —  The  deaths  from  cancer  in  1893  were  1,533  and  the 
death  rate  was  6.3  per  10,000,  as  compared  with  5.9  in  1892.  The 
mean  annual  death  rate  of  the  twenty-year  period  from  this  cause 
was  5.3  per  10,000.  The  maximum  death  rate  was  that  of  1893, 
6.3,  and  the  minimum  was  3.5  in  1875.  The  death  rate  from  this 
cause  has  increased  with  considerable  uniformity  from  3.6  in  1874 
to  6.3  in  1893.  For  the  twenty  years  ending  with  1893  the  deaths 
of  females  from  this  cause  have  constituted  more  than  70  per  cent, 
of  the  total  mortality  from  cancer. 

Kidney  Diseases.  —  The  number  of  deaths  from  kidney  diseases 
in  1893  was  1,685  and  the  death  rate  6.9  per  10,000  of  the  popula- 
tion, as  compared  with  a  death  rate  of  6.5  in  1892  and  a  mean 
annual  death  rate  for  the  twenty-year  period  1874-93  of  5.0. 
The  maximum  death  rate  from  this  cause  was  6.9  in  the  last  year  of 
the  twenty-year  period,  and  the  minimum  (2.9)  was  in  the  first  and 
third  years,  1874  and  1876. 

The  deaths  at  different  ages  from  kidney  diseases  show  that  the 
relative  mortality  is  fairly  uniform  for  the  first  ages  of  life  up  to  30 
years  of  age,  except  the  period  5  to  10  years,  which  is  less  than 
half  that  of  either  of  the  other  early  periods  of  life.     After  30 
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yeais  it  increases  rapidly  up  to  the  close  of  life,  being,  for  the 
period  80  years  and  over,  more  than  fifty-fold  as  great  as  at  age 
5-10. 

Hmrt  Diseases.  —  The  number  of  deaths  from  this  group  of 
causes  in  1893  was  3,511  and  the  death  rate  was  14.4  per  10,000  of 
the  population,  as  compared  with  a  death  rate  of  15.7  from  the 
same  causes  in  1892  and  a  mean  annual  death  rate  of  11.8  for  the 
twenty-year  period.  The  maximum  death  rate  of  the  period  was 
15.7  in  1892  and  the  minimum  was  7.9  in  1874  and  1877. 

The  deaths  from  heart  diseases  were  for  the  census  years  1850-90 
from  three  to  four  times  as  great  in  the  period  0-5  years  as  for 
either  of  the  following  periods  up  to  30  years,  and  then  increased 
rapidly  up  to  the  close  of  life. 

Brain  Diseases.  —  Under  this  title  are  grouped  the  deaths  regis- 
tered as  from  apoplexy,  paralysis,  cephalitis,  insanity,  softening  of 
the  brain  and  the  general  term  brain  disease. 

The  number  of  deaths  from  this  group  of  causes  for  1893  was 
5,144  and  the  death  rate  was  21.1  per  10,000  of  the  estimated  popu- 
lation, as  compared  with  a  death  rate  from  the  same  causes  of  21.2 
in  1892  and  a  mean  annual  death  rate  of  18.7  for  the  twenty-year 
period.  The  maximum  death  rate  from  the  same  causes  was  21.2 
in  1892  and  the  minimum  was  14.8  in  1877. 

Erysipelas.  —  The  deaths  from  erysipelas  in  1893  were  251,  or  1 
per  10,000  of  the  population.     The  deaths  from  puerperal  fever 

were  4Cs  or  less  than  .2  per  10,000  of  the  population.     The  deaths 

from  other  incidents  of  childbiith  were  235,  or  .9  per  10,000  of  the 

population. 

Certain  hfectiofis  and  Communicable  Diseases  not  Ordinarily  very 
Ikstniciive  to  Large  Numbers  of  People^  including  Certain  Dis^ 
eases  caused  by  Infection  from  the  Lower  Animals. 

Italarinl  Fevers. — The  number  of  deaths  registered  as  due  to 

ague  and  remittent  fever  was  86,  of  which  number  48  were  males 

and  38  were  females.     The  greatest  number  in  any  month  (12) 

occurred  in  May  and  the  least  (4)  in  January.     Nine  were  under  5 

years  and  53  were  between  20  and  70  years. 

The  deaths  from  these  causes  for  the  ten  years  ending  with  1893 
were  as  follows : — 
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Ykaks. 


1884, 
1885, 
1886, 
1887, 
1888, 


Deaths  from 

MalariiU 

Fever. 


81 
56 
82 
46 


64 


TSABS. 


DMllm  from 

MfllarUl 

Fever. 


1889, 
1890, 
1891, 
1892, 
1893, 


77 
60 
62 
81 

86 


The  fatality  from  this  disease  does  not  appear  to  be  very  great, 
considering  the  unusually  large  number  of  cases  which  are  known, 
by  the  investigations  of  the  Board,  to  have  existed  in  eastern  Massa- 
chusetts during  the  past  ten  years. 

Syphilis. — The  deaths  from  this  cause  registered  in  1893  were 
48,  of  which  25,  or  more  than  half,  occurred  in  Suffolk  County.  Of 
this  number,  34,  or  more  than  70  per  cent.,  were  probably  congeni- 
tal, being  those  of  infants,  mostly  under  1  year  of  age. 

Hydrophobia^  Glandei'S  and  Anthrax.  —  There  were  only  two 
deaths  from  hydrophobia  in  1893. 

The  deaths  for  the  past  ten  years  from  this  cause  were  as  fol- 
lows :  — 


1884 0 

1885, 0 

1886 0 

1887, 0 

1888, 2 


1889, 14 

1890 17 

1891, 9 

1892,       ......  1 

1893, 2 


There  was  one  death  from  glanders  and  one  from  anthrax  or 
malignant  pustule  in  1893. 

Trichinosis. — No  deaths  from  trichinosis  were  reported  in  1893. 
Five  deaths  from  this  cause  are  known  to  have  occurred  in  the  pre- 
vious year,  but  no  reference  to  them  is  to  be  found  in  the  Registra- 
tion Report  of  that  year. 

The  following  table  is  introduced  for  the  purpose  of  affording 
an  opportunity  of  comparing  the  statistics  of  Massachusetts  with 
those  of  two  large  nations  having  thorough  systems  of  registra- 
tion :  — 
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Tablb  32.—  Mortality  from  Different  Causa  in  MaataehutetU  (1892  and  2893), 

and  in  England  and  the  Oerman  Empire  (1892). 


[Bxpre— ed  m  %  ratio  per  10,000  of  the  living  populaUc 

m.] 

MAS&lOHUSBTTt. 

EoflaiHl. 

laaa. 

0«rm«n 

CAUSBa  or  Dbatb. 

ISM. 

lata. 

Empire. 

laaa. 

Measles, 

.4 

1.1 

4.68 

8.10 

Small-pox, 

.01 

.04 

.15 

.02 

Scarlet-fever, 

8.8 

8.8 

1.90 

2.21 

Diphtheria  and  croup,   .... 

6.1 

5.7 

2.98 

11.88 

Whooping-ootigh, 

1.0 

1.1 

4.55 

8.98 

Tjpboid  fever, 

3.5 

8.1 

1.87 

1.75 

Fbthisifl,  pnlmonnry,      .... 

24.3 

22.7 

14.68 

23.50 

Other  forms  of  tabercalar  disease, 

7.1 

7.6 

4.26 

1.70 

Fueomonia,   .        .        .... 

21.2 

22.6 

12.51 

14.82 

Cancer, 

5.9 

6.8 

6.90 

6.10 

.8 

.2 

.80 

.69 

Other  acddcDts  of  childbirth. 

.9 

1.0 

.97 

.87 

Old  age, 

8.0 

7.6 

9.44 

28.80 

Acddent  or  negligence. 

7.7 

8.0 

5.58 

8.78 

1.2 

1.2 

.88 

2.05 

HjdropholNa,* 

- 

- 

- 

- 

•  Eatioe  ioapprecSable :  1  death  in  Massachnietti  in  1892, 2  in  1893,  6  in  England  in  1892, 
aaditaGtraiany. 

Deaths  at  Early  AgeSj  Ji'om  Certain  Causes. 

In  tbe  sammaries  of  the  vital  statistics  of  Massachasetts  which 
have  been  hitherto  presented,  the  deaths  and  death  rates  of  children 
have  only  been  stated  for  the  first  ten  years  of  life  in  two  groups  of 
five  years  each,  0-5  and  5-10.  It  is  desirable  to  present  a  finer 
division  for  the  first  years  of  life,  by  single  years,  a  practice  which 
is  now  followed  m  nearly  all  countries  having  registration. 
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The  causes  of  death  selected  for  presentation  in  the  following 
table  are  the  principal  infectious  diseases  of  infancy  and  childhood, 
together  with  dysentery,  pneumonia  and  bronchitis,  which  present 
their  highest  death  rates  at  the  two  extremes  of  infancy  and  old  age. 

The  figures  for  the  group  5-10  years  are  added  for  the  purpose 
of  comparison. 

In  the  preparation  of  this  table  the  figures  employed  are  those 
of  the  seven  years  1887-93.  These  were  selected  for  the  reason 
that  the  division  by  single  years  for  the  first  five  years  was  intro- 
duced into  the  Registration  Report  in  1887,  and  for  this  period  the 
mid-year  1890  was  a  census  year,  and  may  be  very  conveniently 
employed  as  a  basis  for  calculating  the  mean  death  rates.  The  cor- 
rected figures,  in  which  the  omissions  and  faults  of  distribution  of 
the  census  are  adjusted,  are  employed  in  preparing  this  table. 

Table  38.  —  Mortality  from  Certain  Diseases  of  Children^  by  Ages,  —  Seven  Tears 

(1887-93). 


AoB  Pbbiods. 

1 

s 

1 

i 

xi 

i 

a 

Whooping- 
cough. 

Cerebro-spinal 
Meningitis. 

Cholera     In- 
faotum. 

*     ■ 

a 
S 

& 

• 

1 

a 

o 

n 

0-1,        .        .        . 

420 

214 

416 

442 

1,132 

267 

14,786 

298 

4,120 

3.619 

1-2,        .       .       . 

617 

446 

1,036 

626 

408 

114 

2,160 

140 

1,081 

1,158 

2-3,        ..        . 

102 

616 

1.216 

001 

160 

82 

264 

47 

855 

863 

8-4,        ..        . 

08 

462 

1,160 

418 

02 

60 

76 

88 

464 

107 

4-6.        ..        . 

67 

873 

1.004 

282 

44 

34 

42 

21 

842 

03 

0-6,        ..        . 

1,803 

2,010 

4,830 

2.860 

1,836 

646 

17,327 

653 

7,752 

5,480 

6-10,      . 

122 

831 

2,506 

478 

62 

100 

7 

67 

601 

166 

Average  Annual  Mortality  at  Each  Age  Period,  compared  with  the  Population 
living  at  Each  Period,  expressed  as  a  Ratio  per  10,000  of  stick  Living  Popula- 
tion (1887-93). 


0-1, 

12.8 

6.4 

12.4 

13.2 

33.7 

7.6 

440.0 

8.0 

122.6 

107.7 

1-2,        ..        . 

16.1 

18.0 

82.8 

10.5 

12.7 

8.6 

67.8 

4.6 

61.7 

86.1 

2-3,        ..        . 

6.1 

16.4 

88.7 

10.2 

5.1 

3.6 

8.4 

1.5 

27.3 

11.6 

8-4.        .        .       . 

8.2 

15.0 

37.8 

13.6 

8.0 

1.0 

2.5 

1.2 

14.7 

6.4 

4-6. 

2.2 

12.2 

82.0 

0.2 

1.4 

1.1 

1.4 

.7 

11.2 

8.0 

0-6.        ..        . 

8.2 

12.7 

80.5 

14.0 

11.6 

8.4 

100.8 

8.5 

48.0 

84.8 

5-10,      . 

.9 

6.1 

18.3 

8.5 

.4 

.8 

.0 

.4 

6.0 

1.2 
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By  this  table  it  appears  that  the  death  rate  from  measles^  16.1  per 

10,000  of  those  Hying  at  the  same  year  of  life,  is  highest  in  the 

second  year  1—2,  that  of  the  first  year  being  a  little  less,  while  there 

is  a  rapid  fall  in  the  death  rate  from  16.1  in  the  second  year  to  2.2 

in  the  fifth. 

In  scarlet-fever  the  highest  mortality  is  not  reached  till  the  third 
year  of  life,  ^hen  it  is  nearly  three  times  as  great  as  that  of  the  first 
year.  That  of  the  fifth  year  (12.2)  is  also  nearly  double  that  of  the 
first  year. 

In  diphtheria  the  highest  death  rates  are  foand  in  the  third  and 
foarth  years  of  life,  in  which  they  are  nearly  equal,  and  more  than 
three  times  as  great  as  that  of  the  first  year,  while  the  second  and 
fifth  years  are  nearly  equal  and  intermediate  between  the  first  and 
third. 

In  croup  the  death  rates  of  the  second  and  third  years  are  nearly 
equal,  and  about  50  per  cent,  higher,  than  that  of  the  first  year, 
which  is  also  nearly  the  same  as  that  of  the  fourth  year  of  life. 

In  whooping-cough  the  death  rate  of  the  first  year  of  life  is  far 
greater  than  that  of  either  of  the  succeeding  years,  the  death  rate 
rapidly  diminishing  from  33.7  per  10,000  living  in  the  first  year  to 
1.4  in  the  fifth  year  of  life,  and  only  .4  in  the  period  5-10  years. 

In  cerdm)'Sptnal  meningitis  the  mortality  diminishes  steadily  from 
7.6  in  the  first  year  to  1.1  in  the  fifth  and  .8  in  the  period  5-10 
years. 

In  cholera  infantum  the  intensity  of  the  disease  is  mostly  ex- 
pended upon  the  first  year  of  life,  the  death  rate  of  the  second  year 
being  less  than  one-sixth  as  great  as  that  of  the  first,  while  those  of 
the  third,  fourth  and  fifth  years  become  comparatively  insignificant. 
The  7  deaths  registered  in  the  period  5-10  years  cannot  be  ex- 
pressed by  a  single  decimal  figure,  and  may  be  accounted  for  by 
possible  errors. 

In  iysenterj/  the  death  rate  decreases  rapidly  from  8.9  in  the  first 
year  to  .7  in  the  fifth. 

In  pneumonia^  as  well  as  in  bronchitiSy  the  death  rates  are  high 

in  the  first  year  of  infancy,  being  respectively  122.6  and  107.7  for 

the  two  diseases,  and  dimmishing  from  these  high  rates  to  11.2  and 

3.0  respectively  in  the  fifth  year.     In  each  of  these  causes  of  death 

the  death  rates  also  increased  rapidly  in  the  last  age  periods  of 

extreme  old  age,  that  of  pneumonia  being  shown  in  Table  27. 
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The  Vital  Statiatics  of  the  Urban  Population. 

The  population  of  the  cities  and  large  towns  of  Massachusetts  has 
increased  with  much  greater  rapidity  than  that  of  the  rural  districts, 
and  demands  increasing  attention  in  any  general  presentation  of  the 
vital  statistics  of  the  State.  In  the  fifty  years  of  registration  in 
Massachusetts  the  population  of  towns  and  cities  having  more  than 
10,000  inhabitants  in  each  has  increased  from  24  per  cent,  of  the 
total  population  of  the  State  to  more  than  61  per  cent. 

In  the  forty-ninth  Registration  Report  (1890)  a  table  was  intro- 
duced in  which  the  marriage,  birth  and  death  rates  of  the  28  cities 
were  presented.  In  the  present  summary  a  similar  table  is  pre- 
sented, amplified  and  made  to  include  the  statistics  of  all  towns 
having  over  10,000  inhabitants  in  each  (37  in  number)  for  the 
period  of  three  years,  1891,  1892  and  1893,  and  also  the  deaths  and 
death  rates  from  seven  principal  infectious  and  other  causes  of 
death.  The  marriage,  birth  and  death  rates  are  estimated  from  a 
mean  estimated  population  for  1892,  as  a  mid-year  mean  of  the 
triennial  period  1891-93.  The  statistics  are  also  presented  for  the 
urban  district  as  a  whole,  for  the  rural  district  as  a  whole,  for 
the  State  as  a  whole,  and  also  for  each  of  four  groups  of  cities, 
arranged  according  to  their  populations. 

This  table  illustrates  clearly  the  effect  of  density  of  population 
upon  mortality  rates,  as  demonstrated  by  Dr.  Farr.  The  density 
of  population  in  this  table  is  measured  in  terms  of  the  number  of 
acres  to  each  inhabitant,  and  is  necessarily  approximate,  since  the 
area  is  quoted  from  the  report  of  the  tax  commissioner,  which  in- 
cludes assessed  acres  only,  excluding  the  area  of  public  lands,  high- 
ways, etc.  By  this  estimate  the  density  of  the  State  for  the  period 
in  question  was  1.9  acres  to  each  inhabitant.  That  of  the  district 
groups  was  as  follows :  — 

Density  of  Population^  Massachusetts^  1891-93, 

Acres  to 
Each  IiihftbiUnt 

The  State, 1.9 

Cities  and  towns  composing  the  urban  districts,         ...  .2 

Towns  composing  the  rural  districts, 5.8 

Group  I.,  the  city  of  Boston, .04 

Group  II.,  cities  having  from  60,000  to  100,000  population  in 

each,      •        .        .        • .13 

Group  III.,  cities  having  from  25,000  to  50,000  in  each,     .        .  .29 

Group  IV.,  cities  having  from  10,000  to  25,000  in  each,      .       .  .61 
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For  convenience  of  comparison,  a  standard  of  1,000  for  the  State 
is  here  adopted,  and  the  condensed  table  is  as  follows  :  — 

Table  84.  —  IMaih  Boies  from  Certain  Diseases;  the  State  =i  1,000. 


Tee  Btatb,    . 

UitaB  dtaUieU, 
EonldMikto, 

Onop  1^  wban  dlstriot, 
OtiMp  11,    ••         '• 
Gnrapin,  ••         •• 
GranpIV^  ••         •• 


I 
Si 


1.9 

.3 
6.S 

.04 
.18 
.» 
.81 


a 


I 


1,000 


1,088 


1,188 

1,001 

1,088 

088 


1.000 

1,104 
790 

1,128 
1,117 
1,004 
1,084 


1,000 

1,088 
027 

1,188 

1,087 

071 

867 


I 


si 
si 

a'' 


I 


1,000 

1,084 
870 

1,845 

1,006 

012 

006 


1,000 

1,044 
012 

1,287 
084 
060 


1,000 


1,068 


88T 
1,142 
1,U7 
1,080 


1,000 
1,110 

no 

1,820 


074 


i 

* 

a 
I 


I 


6 

I 


I 


a 

1^ 


1,000 

1,088 
846 

1,170 
1,288 

078 
867 


1,000 

1,178 

848 

1,868 
881 

1,074 
888 


1,000 

1,168 
881 

091 
1,866 
1,088 

868 


This  table  shows  very  clearly  the  effect  of  density  of  population  in 
modifying  the  general  death  rate.  The  mortality  increases  coinci- 
dently  with  the  density.  The  same  effect  is  shown  in  the  columns 
for  different  diseases,  except  that  here  the  peculiar  characteristics  of 
each  disease  show  their  further  modifying  influence  in  increasing  or 
dimiDi5hing  and  in  some  instances  entirely  outweighing  the  effect 
of  density. 

Id  groups  II.  and  III.  of  the  urban  districts  the  typhoid  death 
rate  was  highest,  since  the  two  cities  of  Lowell  and  Lawrence, 
having  daring  the  greater  part  of  this  period  polluted  water  sup- 
plies, are  included. 

The  high  mortality  of  Boston  (District  L)  from  diphtheria  and 
from  scarlet-fever  and  its  low  death  rate  from  cholera  infantum  are 
notable. 

The  death  rate  of  Lowell  and  Fall  River  from  cholera  infantum 
raised  the  figures  of  District  11.  excessively. 
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Medical  Bxaminers'  Returns, 

The  returns  of  the  medical  examiners  comprise  the  deaths  \¥hich 
were  investigated  by  those  officers  daring  the  year  1893,  this  class 
of  deaths  being  those  which  were  of  a  violent,  sudden,  suspicious  or 
doubtful  character,  and  were  therefore  referred  to  the  medical  ex- 
aminers for  their  official  action. 

The  whole  number  of  deaths  of  this  class  which  were  investigated 
during  the  year  was  2,221.  Of  this  number,  76  were  reported  as 
deaths  from  homicide,  290  by  suicide,  976  from  accident  or  negli- 
gence and  879  from  natural  or  unknown  causes,  including  alcohol- 
ism. Of  the  whole  number,  1,678  were  males,  530  were  females, 
the  sex  of  13  was  unknown.  The  number  of  autopsies  conducted 
was  269. 

Comparative  Vital  Statistics. 

The  question  may  be  asked,  <<  How  does  the  death  rate  of  Massa- 
chusetts compare  with  that  of  other  States  and  countries  ? ''  and  in 
the  last  annual  report,  page  xliii,  a  brief  reference  was  made  to  the 
subject  of  the  methods  adopted  for  arriving  at  a  just  comparison  of 
mortality  statistics,  in  the  following  language :  — 

The  crude  death  rate  obtained  by  estimating  the  ratio  of  the  number  of 
deaths  to  the  living  population  has  been  employed  for  many  years  as  an 
index  of  the  sanitary  condition  of  a  community,  and  for  comparing  its  san- 
itary condition  with  that  of  other  communities.  While  this  method  may  be 
trusted  in  the  comparison  of  the  death  rates  of  a  nation,  a  State,  county, 
city  or  town  at  different  periods  of  time  (since  the  age  and  sex  distribution 
of  communities  remains  fairly  constant  when  comparisons  are  made  for  brief 
periods  or  successive  yeara),  it  cannot  be  trusted  for  the  comparison  of  dif- 
ferent towns,  cities,  States  and  countries  with  each  other,  when  the  age  and 
sex  distribution  differs  widely,  as,  for  example,  in  our  own  State,  in  the 
case  of  Barnstable  and  Bristol  counties,  or  Barnstable  and  Suffolk. 

In  support  of  this  statement  Dr.  Farr  says:  *' Independently  of  other 
causes  of  variation,  the  mortality  of  different  populations  will  differ  accord- 
ing as  they  consist  of  numbers  in  various  proportions  at  the  ages  at  which 
the  mortality  is  high  or  low." 

^^  It  is  not  too  much  to  say  that  death  rates  calculated  on  the  gross 
population  are  practically  worthless  as  evidence  of  the  sanitary  conditions 
of  communities  less  than  entire  nations."  (Dr.  E.  F.  Willoughby,  Hand- 
book of  Public  Health  and  Demography.) 
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For  the  purpose  of  facilitating  the  methods  of  correcting  death  rates 

according  to  age  and  sex  distribution.  Dr.  Ogle,  of  the  British  Registration 

of  Statistics  office,  and  J.  Korosi,  Director  of  Statistics  of  Hungary,  have 

proposed  the  employment  of  standards  of  population  in  which  a  normal  or 

Btandard  distribution  of  ages  and  sexes  is  presented.    For  this  purpose 

Dr.  Ogle  combines  the  populations  of  seven  principal  European  countries, 

including  about  one  hundred  and  seventy  million  inhabitants,  and  presents 

a  table  in  which  the  average  distribution  of  these  populations  is  given  by 

sexes  and  age  periods,  the  whole  number  of  such  periods  being  twelve. 

For  the  purpose  of  comparison  with  other  countries,  States,  cities  or  smaller 

communities,  this  method  has  the  disadvantage  of  requiring  an  amount  of 

computation  which  becomes  burdensome ;  and,  secondly,  the  age  periods 

employed  above  20  years  do  not  correspond  with  those  which  have  usually 

been  adopted  in  Massachusetts  and  other  American  communities,  and,  while 

there  are  some  advantages  in  adopting  a  distribution  into  the  periods  25-35 » 

35-45,  etc.,  instead  of  20-30,  30-40,  etc.,  the  differences  are  so  slight  as 

not  to  make  it  advisable  to  change  the  existing  methods. 

Korosi  of  Buda-Pesth  suggests  a  method  which  is  less  cumbrous  than  the 
foregoing.  He  does  not  deem  it  essential  for  this  purpose  to  adopt  a  sex 
distribution,  but  employs  a  distribution  of  ages  only,  and  divides  them  into 
four  periods,  as  follows :  — 

All  under  one  year. 
One  to  twenty  years. 
Twenty  to  fifty  years. 
All  over  fifty  years. 

It  is  evident  that,  in  order  to  form  a  just  comparison  of  our  death 
rate  in  Massachusetts  upon  an  international  basis,  the  age  distribu- 
tion must  necessarily  be  taken  into  account,  since  this  age  distri- 
bution differs  materially  from  that  of  other  countries,  in  consequence 
of  the  marked  effect  of  immigration  upon  the  adult  ages  of  the  popu- 
lation. 

For  the  purpose  of  arriving  at  an  accurate  conclusion  as  to  the 
comparative  mortality  rate  of  the  population  of  Massachusetts,  the 
following  table  is  presented,  in  which  the  distribution  of  the  popula- 
tion at  each  census  from  1865  to  1890  is  given,  together  with  the 
percentages  to  the  total  population  for  these  four  age  periods :  — 
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Table  86. 

18« 

(. 

1S70. 

1875. 

AoB  Periods. 

Population. 

Per  Gent. 

PopnlAtlon. 

Per  Cent 

Popnlation. 

Per  Cent. 

Under  1,       .... 

28,710 

1.87 

82,987 

2.26 

84,140 

2.08 

1-20 

497,478 

80.81 

664,258 

88.04 

621,022 

87.88 

20-60,    

663,880 

48.76 

661,699 

44.72 

760,481 

46.27 

OTeir60,       .... 

190,668 

16.06 

218,871 

14.98 

226.067 

13.82 

1,265,780 

100.00 

1,467,810 

100.00 

1,M1,610 

100.00 

Unknown,    •       .       •       • 

1,802 

41 

- 

10,302 

- 

ISSO. 

1SS9. 

ISM. 

AqB  PBBI0D8. 

Popnlation. 

Percent. 

Popnlation. 

Percent 

Popnlation. 

Per  Cent 

Under  1 

1-20,     

20-60 

Over  60,       .... 

87,687 
681,788 
808,812 
269,898 

2.11 
88.24 

46.08 
14.67 

86,888 
726,740 
886,086 
293,276 

1.86 
87.42 
46.63 
16.10 

48,048 

768,184 

1,060,100 

866.075 

1.93 
84.18 

47.49 
16.40 

Unknown,    .... 

1,783,086 
0 

100.00 

1,941.907 
144 

100.00 

2,232,442 
6,601 

lOO.OO 

Note.  —  In  this  table  no  oorrectioD  is  made  for  probable  errore  or  deficiencies. 

The  foregoing  table  shows  that  the  age  distribution  of  the  popula- 
tion of  the  State  has  remained  fairly  constant  for  a  quarter  of  a 
century,  the  variation  being  but  slight. 

The  foregoing  age  periods  were  adopted  by  M.  Korosi  after  trials 
with  different  periods.  They  differ  somewhat  from  those  which 
have  been  in  use,  but  he  states  that  it  <<  was  found  to  be  preferable 
to  group  the  first  year  separately,  and  that  there  was  no  sensible 
change  produced  by  placing  the  next  nineteen  years  in  one  single 
group/' 

These  figures  were  not  presented  in  the  summary  of  last  year, 
since  the  age  distribution  of  the  Massachusetts  population  in  the 
census  year  1890  was  not  then  accessible* 

The  chief  difference  in  this  table  as  compared  with  the  figures  for 
foreign  countries  lies  in  the  larger  percentage  of  the  third  age 
period,  20-50,  which  is  due  to  the  large  number  of  immigrants  of 
this  age.     Observations  extending  over  a  period  of  more  than  a 
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half-century  show  that  nearly  60  per  cent,  of  the  immigrants  daring 
that  time  were  between  20  and  50  years  of  age,  while  those  under 
10  years  of  age  constituted  only  15  per  cent. 

Kor5si  presents  the  population  of  Sweden  as  a  standard  for  com- 
parison,—  a  country  having  what  may  be  termed  a  normal  age  dis- 
tribution with  a  constantly  low  death  rate. 

With  this  standard  in  view  the  following  table  is  presented, 
giving  the  age  distribution  of  the  living  and  the  dead  for  Massa- 
chusetts for  the  two  census  years,  1885  and  1890,  with '  mortality 
indices  for  the  purpose  of  comparison  :  — 


Table  S7,—  (JomparcUive  MorialUy  of  Massachusetts,  1885, 1890. 


Aoca. 


The  LlrlDff, 
1885. 


The  Deadf 


Goeffleltnt, 
Per  1,000. 


Per  Cent  of 

Papula  tion, 

Sweden. 


MorUlity 
Index. 


0-1  yemr,  . 
1-20  year*,  . 
20-M  years, 
50  and  over, 


41,140* 
006,090* 
804,880 
828,180 


7,825 

7,547 

0,448 

18,846 


185.8 
10.8 
10.5 
41.3 


2.65 
89.81 
88.62 
18.02 


100.00 


4.91 
4.31 

4.07 
8.17 


21.46 


a 


AOBS. 


The  LlTing, 
1880. 


The  Dead, 
18M. 


Coefficient, 
Per  1,000. 


Per  Cent,  of 

Popniatlon, 

Swedeil. 


Mortality 
Index. 


0-1  year,  . 
1-20  yean,  • 
20-50  yean, 
50  and  over. 


48,000* 
780,850* 
1,060,100 
866.075 


9,626 

7,585 

10,870 

15,290 


900.5 

0.7 

10.8 

41.7 


a.66r 
80.81 
88.62 
18.02 


5.81 
8.86 
8.96 
7.90 


100.00 


21.08 


*  The  figures  for  theee  age  pertoda  0-1  and  1-20  have  been  corrected  in  aeoordanee  with  the  prln- 
elplee  explained  on  a  prerioofl  page. 

With  these  figures  it  now  becomes  possible  to  compare  the  mor- 
tality of  Massachusetts  with  that  of  other  countries  having  a  dif- 
ferent age  distribution,  each  of  these  being  separately  referred  to 
the  Swedish  distribution.  For  this  purpose  the  last  census  of  those 
countries  is  adopted  as  the  source  of  the  figures  given. 

The  following  list  presents  the  comparative  mortality  *  of  fourteen 
countries,  as  compared  with  that  of  Massachusetts :  — 

*  Mortalit&ts  CoefBctont  n.  Mortalitats  Index,  Beiechnnng  de  slnternat.  Sterbllchkeits 
Indexes  fUr  14  Staaten,  J.  KOrOsl,  Int.  Statist.  Bnlletin  6, 1892,  p.  305. 
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Table  38. 


COUNTRIES. 

COMPASATiyB  MOKTAUTT 
FiGUlRS. 

The  Sax b  bbdccid  to 
A  Stasdabd  of  1(<o. 

(a) 

(6) 

(c) 

Sweden, 

1881 

17.65 

100 

Norway,      .       . 

1876 

19.01 

108 

Denmark,    • 

1880 

20.50 

116 

Scotland,     . 

1881 

20.54 

116 

Massachusetts, 

• 

1885 

21.02 

119 

Belgium,     . 

1881 

21.82 

121 

Massachusetts, 

1890 

21.46 

122 

HollaDd, 

1880 

22.89 

130 

France,       .        . 

1882 

22.92 

130 

Switzerland, 

1881 

23.03 

131  * 

Prussia,       .        .        , 

1881 

25.47 

144 

Wurtemberg,      •        . 

1881 

27.01 

153 

Saxony,       . 

1881 

27.69 

157 

Italy,  .... 

,  •     , 

1882 

27.82 

158 

Austria, 

1881 

80.52 

173 

The  figures  in  column  6  naay  be  taken  as  the  death  rate  which 
would  have  been  recorded  in  each  country  in  the  year  named  in 
column  a,  had  the  population  of  such  country  been  identical,  so  far 
as  age  distribution  is  concerned,  with  that  of  Sweden.  By  this 
means  the  mortality  of  each  country  is  made  comparable  with  that 
of  Sweden  and  of  the  other  countries  named  in  the  list. 
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Metropolitan  Water  Supply. 

In  the  last  annaal  report  of  the  Board  (page  xlix)  brief  reference 
was  made  to  the  important  duty  which  had  been  intrusted  to  the 
Board  by  the  Liegislature  of  1893  of  *^  considering  and  reporting 
^pon  the  question  of  a  water  supply  for  the  city  of  Boston  and  its 
sabarbs  within  a  radius  of  ten  miles  from  the  State  House,  and  for 
such  other  cities  and  towns  as  in  the  opinion  of  the  Board  should  be 
included  in  connection  therewith.'* 

The  Board  entered  at  once  upon  the  work  of  investigation,  and 
after  making  the  necessary  surveys  submitted  its  report  to  the  Legis* 
lature  on  the  first  Wednesday  in  February,  1895.     This  report  forms 
1  document  of  270  pages,  and  includes  the  general  report  of  the 
Board  apon  the  proposed  metropolitan  water  supply,  the  report  of 
the  consulting  engineer,  the  report  of  the  chief  engineer,  together 
with  several  additional  reports  and  statements  of  experts  upon  the 
following  special  subjects:    Growth  of  population  in  the  Boston 
metropolitan  district ;  Present  and  future  consumption  of  water  in 
the  district,  by  Dexter  Brackett,  C.  E. ;  Improvement  of  the  quality 
of  the  Sudbury  River  water  by  drainage  of  swamps,  by  D.  Filz- 
Gerald,  G.  E. ;  The  amount  and  character  of  organic  matter  in  soils, 
by  T.  M.  Drown,  M.  D. ;  Water  supply  of  different  qualities  for 
different  purposes,  by  Dexter  Brackett,  C.  E. ;  Sanitary  examination 
of  Nashua  Siver  water-shed.     It  is  fully  illustrated  with  maps  and 
plans  showing  the  proposed  water-sheds  and  sources  investigated 
by  the  Board,  methods  of  distribution,  dams,  and  plans  of  drainage. 
This  general  plan  as  reported  by  the  State  Board  of  Health  was 
adopted  by  the  Legislature  of  1895  as  the  plan  of  water  supply  for 
the  metropolitan  district,  and  an  act  was  passed  providing  for  the 
appointment  of  a  Metropolitan  Water  Board,  to  have  the  entire 
chaise  of  carrying  out  the  provisions  of  the  act,  with  authority  to 
expend  127,000,000  for  this  purpose.     The  estimated  cost  of  the 
works  proposed  by  the  State  Board  of  Health  was  $19,045,800. 
The  additional  amount  authorized  by  the  Legislature  is  mainly  for 
the  purpose  of  purchasing  Boston's  sources  of  water  supply,  aque- 
ducts and  pumping  stations,  and  for  the  completion  of  a  reservoir 
already  began  by  the  city. 

It  baa  been  thought  advisable  to  reprint  so  much  of  this  report  as 
^mbnces  the  general   report  of  the  Board  upon  the  subject  in  the 
Present  yolame,  and  the  same  may  be  found  on  later  pages. 
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Improvement  op  the  Charles  River. 

By  the  provisions  of  chapter  475  of  the  Acts  of  1893,  the  Board 
of  Metropolitan  Park  Commissioners  and  the  State  Board  of  Health 
were  constituted  a  <*  joint  board,  to  investigate  the  sanitary  condi- 
tion, and  to  prepare  plans  for  the  improvement  of  the  beds,  shores 
and  waters  of  the  Charles  River,  between  Charles  River  bridge  and 
the  Waltham  line  in  Charles  River,  and  for  the  removal  of  any 
nuisances  therefrom." 

The  joint  board  was  authorized  to  employ  engineers  and  experts 
in  making  the  proper  surveys  and  devising  plans  for  this  improve- 
ment. 

The  report  of  this  Board  was  made  to  the  Legislature  of  1894  in 
May  of  that  year,  the  document  relating  to  this  subject  being 
numbered  as  House  Document,  775,  1894.  It  contains  the  reports 
of  the  joint  board,  the  engineer  and  the  landscape  architects, 
together  with  several  maps,  plans  and  heliotype  plates  illustrating 
the  proposed  improvements,  with  several  cuts  illustrating  similar 
improvements  in  other  countries.  The  general  report  of  this  joint 
board  is  republished  in  the  present  volume  on  subsequent  pages. 

The  Legislature  of  1894,  after  considering  the  subject,  enacted 
the  following  law,  providing  for  the  taking  of  land  upon  the  banks 
of  the  Charles  River.  The  question  of  constructing  a  dam  and 
lock  in  the  tidal  basin  of  Charles  River,  with  special  reference  to 
their  interference  with  tide  water  and  their  effect  on  the  harbor  of 
Boston,  was  referred  to  the  Harbor  and  Land  Commissioners,  who 
were  directed  to  report  upon  the  subject. 

[Acts  op  1894,  Chapter  509.] 

An  Act  to  authorize  the  MEXROPOLrrAN  Park  Cohmission  to  bxpexi> 
A  Sum  of  Monet  in  Addition  to  the  Amounts  heretofore  author* 
izED  FOR  Open  Spaces  along  or  near  the  Charles  River. 

Be  it  enacted^  etc.,  as  follows: 

Section  1.  The  metropolitan  park  commission,  for  the  purpose  of 
acquiring  and  making  available,  under  chapter  four  hundred  and  seven  of 
the  acts  of  the  year  eighteen  hundred  and  ninety-three,  open  spaces  for 
exercise  and  recreation  along  or  near  the  Charles  River,  from  the  Esses 
street  bridge,  so  called,  at  Cottage  Farms,  towards  the  source  of  the  river 
may  expend  the  sum  of  three  hundred  thousand  dollars  in  addition  to  any 
and  all  sums  hitherto  authorized  to  be  expended  by  them  by  said  act  and 
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by  all  acts  in  addition  thereto  or  in  amendment  thereof ;  and  to  meet  the 
expenses  incurred  hereunder,  the  treasurer  and  receiver  general  shall  issue 
a  corres|x>ndiDg  amount  of  scrip  or  certificates  of  indebtedness  as  an  addi- 
tion to  the  metropolitan  parks  loan,  and  establish  a  sinking  fund  to  provide 
for  the  same ;  said  scrip  or  certificates  of  indebtedness  to  be  issued  and 
said  sinking  fund  to  be  established,  assessed  and  collected  in  accordance 
with  the  provisions  of  sections  nine,  ten,  eleven  and  twelve  of  chapter  four 
hundred  and  ninety-three,  as  far  as  applicable  hereto. 

Section  2.  Said  act  is  hereby  amended  by  striking  out  section  eleven 
and  inserting  in  place  thereof  the  following :  —  Section  11.  The  metropol- 
itan park  commission  shall  annually  estimate  and  certify  to  the  auditor  the 
expenses  of  preservation  and  necessary  care  of  said  public  open  spaces  for 
the  ensuing  year,  which  expenses  shall  be  apportioned  by  the  treasurer  and 
receiver  general  in  the  manner  provided  in  the  following  section.  [^Ap^ 
proved  Jwne  22, 1894. 

Water  Supply  and  Sewebaoe. 

The  act  of  1886  entitled,  <<  An  act  to  protect  the  purity  of  inland 
waters,"  has  proved  one  of  the  most  useful  laws  in  the  history  of 
State  legislation. 

Under  the  provisions  of  this  act  the  Board  was  given  a  general 
oversight  over  the  inland  waters  of  the  State,  and  was  required  to 
examine  these  waters  with  reference  to  their  use  as  sources  of 
domestic  water  supply.  It  was  also  required  to  recommend  meas- 
ures to  prevent  the  pollution  of  such  waters,  and  was  authorized  to 
conduct  experiments  to  determine  the  best  practicable  methods  of 
purification  of  drainage  and  sewage  or  disposal  of  the  same.  Quite 
as  important  was  the  requirement  that  the  Board  should  give  advice  lo 
cities  and  towns,  corporations  and  individuals,  relative  to  the  introduc- 
tion of  water  supplies  and  systems  of  sewerage  and  sewage  disposal. 

The  amount  and  character  of  the  work  performed  by  the  Board 
under  this  act  may  to  some  extent  be  understood  by  an  examination 
of  the  reports  of  the  Board  from  1886  to  the  present  year,  including 
the  special  documents,  vols.  1  and  2,  published  in  1890  and  1891. 
These  reports  of  the  Board  have  justly  won  a  reputation  which  has 
entitled  them  to  a  place  as  standard  works  upon  the  subject  of  water 
supply  and  sewage  disposal.  In  this  depaitment  of  the  work  of  the 
Board  have  been  planned  some  of  the  most  impoilant  and  extensive 
engineering;  undertakings  within  the  limits  of  the  State,  such  as  the 
metropolitan  sewerage  system  and  the  metropolitan  water  supply ; 
the  execution  of  both  will  involve  the  expenditure  of  $33,000,000. 
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The  operations  of  the  Board  daring  the  year  1894  under  the  pro- 
visions of  this  act  may  be  found  in  the  first  part  of  the  followiog 
report,  page  1.  The  topics  presented  in  this  part  of  the  report  are 
the  advice  of  the  Board  to  cities  and  towns,  the  examination  of  water 
supplies,  the  examination  of  rivers,  summary  of  water  supply  statis- 
tics nnd  records  of  rainfall  and  fiow  of  streams,  the  composition  of 
the  water  of  d6ep  wells,  the  bacterial  contents  of  ground  waters  and 
of  deep  wells,  experiments  upon  the  filtration  of  sewage  and  of  water 
and  physical  and  chemical  properties  of  sands. 

Food  and  Drug  Inspection. 

This  department  of  the  work  of  the  Board  has  continued  without 
interruption  since  the  enactment  of  the  food  and  drug  acts  in  1882. 

Many  of  the  difficulties  attending  the  earlier  inspections  under  this 
department  and  the  enforcement  of  the  statutes  have  been  overcome ; 
the  amount  of  work  done  has  gradually  increased,  while  the  cost  of 
examination,  per  sample  collected,  has  diminished. 

The  inconvenience  of  examinations  in  several  different  laboratories, 
and  at  a  distance  from  the  office  of  the  Board,  has  been  greatly 
diminished  by  concentrating  nearly  all  of  the  analytical  work  at  the 
laboratory  in  the  State  House,  and  under  the  supervision  of  a  single 
chief  analyst. 

A  full  report  of  the  work  of  the  Board  in  this  direction  may  be 
found  under  the  head  of  Food  and  Drug  Inspection. 

Statistical  Summaries. 
The  enactment  of  two  new  statutes,  chapter  302  of  the  Acts  ol 
1893  and  chapter  218  of  the  Acts  of  1894,  has  increased  to  a  con- 
siderable extent  the  statistical  work  required  of  the  Board.  All 
this  material  has  been  grouped  together  in  the  present  report, 
together  with  the  voluntary  returns  embraced  under  the  title  of 
weekly  mortality  reports,  the  whole  being  entitled  the  Statistica 
Summaries.     These  comprise  the  following  topics  :  — 

1.  Weekly  mortality  returns  of  cities  and  towns.     (Voluntary' 

2.  Summary  of  four  infectious  diseases  with  ratios  of  fatal  iti 
(abstracted  from  the  annual  reports  of  municipal  boards  of  health) 

3.  Summary  of  infectious  disease  notification  (under  provision 
of  chapter  302,  Acts  of  1893). 

4.  Summary  of  returns  of  deaths  by  boards  of  health  in  place 
having  over  5,000  inhabitants  in  each  (under  provisions  of  chaptc 
218,  Acts  of  1894). 
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Antitoxine  in  Diphtheria. 

Public  hygiene  is  a  life-saying  department  of  work,  and  the  opera- 
tions of  a  board  of  health  which  pertain  to  the  management  and 
control  of  infectious  diseases  should  constitute  one  of  the  most  im- 
portant functions  not  only  of  general  but  also  of  local  health 
organizations.  The  saving  of  human  lives,  both  individually  and 
collectively,  adds  to  the  wealth  and  to  the  efficiency  of  the  popula- 
tion, and  such  work  deserves  the  highest  praise  and  encouragement. 
In  the  eighteenth  century  two  of  the  most  destructive  diseases 
were  small-pox  and  consumption.  The  great  discovery  of  Jenner 
has  reduced  the  mortality  from  the  former  and  rendered  it  compara- 
tively harmless,  while  the  destructiveness  of  the  latter  has  been 
diminished  nearly  one-half  in  the  past  fifty  years,  in  consequence  of 
better  knowledge  of  the  ways  of  living,  better  food,  ventilation  and 
the  dissemination  of  popular  information  upon  the  subject. 

Meanwhile,  diphtheria  has  become,  since  its  reappearance  about 
the  middle  of  the  present  century,  an  unusually  destructive  disease. 
Special  attention  has  therefore  been  directed  toward  the  means  for 
diminishing  the  excessive  mortality  from  this  cause,  and  these  efforts 
have  been  crowned  with  a  promising  measure  of  success. 

At  the  recent  Congress  of  Hygiene,  held  at  Budapesth  in  Hungary, 
Dr.  Roux  announced  the  result  of  his  researches  and  the  success  of 
the  treatment  which  had  been  adopted  by  him  at  the  Hospital  des 
Infants  Malades  in  Paris.  During  the  years  1890,  1891,  1892  and 
1893  the  number  treated  for  diphtheria  at  this  hospital  was  3,971, 
with  an  average  mortality  of  51.7  per  cent.  In  the  first  six  months 
of  1894  there  were  448  admissions,  with  109  deaths,  —  a  mortality 
of  24.5  per  cent.  That  this  improvement  was  not  due  to  the  preva- 
lence of  a  mild  type  of  the  disease  was  shown  by  the  fact  that  in 
another  hospital  in  Paris,  where  520  children  were  received  in  the 
diphtheria  ward  during  the  same  months,  and  were  not  treated  with 
antitoxine,  the  mortality  was  60  per  cent.  These  results  were  com- 
pared by  German  investigators  in  the  same  direction,  and  this 
preventive  mode  of  treatment  may  be  considered  as  established,  so 
far  as  the  question  of  securing  a  decided  reduction  in  the  death  rate 
from  diphtheria  is  concerned. 

With  these  facts  in  view,  the  State  Board  of  Health  entered  upon 
the  work  of  preparing  antitoxine  for  distribution  in  the  State  during 
the  fall  of  1894,  and  for  this  purpose  appointed  Dr.  J.  L.  Goodaie 
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of  Cambridge  temporarily  to  supervise  the  work  of  preparation. 
Several  horses  were  purchased,  together  with  the  necessary  supply 
of  smaller  animals  required  for  the  purpose  of  testing  and  preparing 
the  material  produced.  A  laboratory  was  also  established,  for  con- 
ducting the  requisite  processes. 

It  is  too  early  to  publish  a  digest  or  summary  of  the  work  accom- 
plished in  this  direction.  It  is  sufficient  to  say  that  the  results  thus 
far  secured  fully  justify  the  continuance  of  the  work  thus  begun, 
since  a  very  considerable  saving  of  life  has  undoubtedly  been  effected. 
A  careful  digest  and  summary  will  be  prepared  for  publication  in 
the  next  annual  report,  to  embrace  the  results  of  the  first  year's 
work  in  this  direction. 

Improvement  of  the  Concord  and  Sudbury  Meadows. 

During  the  legislative  session  of  1894  hearings,  were  held  in  answer 
to  petitions  from  inhabitants  living  upon  the  borders  of  the  Concord 
and  Sudbury  rivers  above  the  dam  at  Billerica,  asking  that  legis- 
lation might  be  secured  for  the  purpose  of  improving  those  rivers  so 
that  the  level  of  the  ground  water  in  the  meadows  upon  their  borders 
might  be  lowered.  As  a  result  of  these  hearings  an  act  was  passed 
entitled  **  An  act  relative  to  the  protection  of  the  public  health  in 
the  villages  of  the  Concord  and  Sudbury  rivers." 

The  first  section  of  this  act,  requiring  the  services  of  the  State 
Board  of  Health,  is  as  follows :  — 

[Acts  of  1894,  Chapter  426.] 

An  Act  relative  to  the  Protection  op  the  Public  Health  in   the 
Valleys  of  the  Concord  and  Sudbury  Rivers. 

Section  1.  The  state  board  of  health  is  hereby  authorized  and  directed 
to  expend  during  the  current  year  a  sum  not  exceeding  twenty  thousand 
dollars,  in  dredging  the  bars  in  the  Concord  and  Sudbury  rivers  above  the 
dam  at  North  Billerica  and  removing  the  weeds  from  said  rivers,  and  in 
such  other  measures  as  shall,  in  the  opinion  of  the  board,  tend  to  the 
restoration  of  the  marshes  along  the  said  rivers  to  their  original  conditioa 
and  to  the  abatement  of  malaria  and  other  perils  to  the  public  health  aris- 
ing from  the  present  state  of  the  same.     [^Approved  May  24 ^  1894, 

At  its  first  meeting,  June  7,  after  the  passage  of  the  foregoing 
act,  the  Board  voted  to  proceed  at  once  with  the  necessary  investi- 
gations preliminary  to  carrying  out  the  work  required  by  the  act. 
It  seemed  necessary  that  a  hearing  should  be  granted  to  the  residents 
included  in  the  district  specified,  and  a  bearing  was  held  by  the  Board 
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July  26,  1894,  at  which  the  inhabitAnts  of  the  district  were  repre- 
sented and  the  engineer  of  the  Board  outlined  a  plan  of  operations. 

On  August  2  J  the  Board  received  a  letter  from  the  secretary  of  the 
committee  of  the  landowners  upon  the  borders  of  these  rivers,  sig- 
nifying their  approval  of  the  work,  and  requesting  the  Board  to 
carry  out  the  plan  outlined  by  the  engineer  of  the  Board. 

The  Board  then  advertised  for  proposals  for  dredging  the  rivers. 
CoDsiderable  delay  was  occasioned  by  the  failure  of  the  successful 
bidder  to  obtain  the  necessary  bonds  for  the  performance  of  the 
work.  Advertisements  were  again  made,  and  the  contract  was 
finally  awarded  to  the  Eastern  Dredging  Company. 

Meanwhile,  citizens  of  Concord  living  near  the  river  requested 
that  the  channel  of  the  river  might  be  made  wider  through  that 
region,  offering  also  to  pay  for  the  extra  expense  of  such  widening. 
The  Board  will  make  a  report  upon  this  subject  when  the  work  is 
completed. 

Health  of  Towns. 

The  last  pages  of  the  report  are  devoted  to  a  digest  of  the  prin- 
cipal facts  of  importance  collected  from  the  annual  reports  of  local 
boards  of  health  for  the  year  1894.  The  table  of  infectious  diseases, 
notifications  and  deaths  from  the  same  causes  has  been  transferred 
this  year  from  this  part  of  the  report  to  that  portion  which  is  entitled 
**  Statistical  Summaries.^ 

Routine  Work  or  the  Board. 

The  Board,  in  the  performance  of  its  duties  under  the  provisions  of 
the  Public  Statutes  and  of  all  succeeding  acts  relating  to  the  Board, 
has  held  meetings  at  least  once  each  month  during  the  year,  and 
such  meetings  of  its  standing  committees  as  were  essential  to  the 
proper  performance  of  its  duties.  The  operations  of  the  Board  are 
presented  in  detail  in  the  present  volumes,  under  the  different  topics 
relating  to  its  prescribed  duties. 

Advice  has  been  given  very  frequently  at  the  office  of  the  Board 
to  local  hoards  of  health  and  to  individuals  requesting  advice  upon 
sanitary  questions,  and  in  instances  where  occasion  required,  visits 
have  been  made  by  the  secretary,  or  by  the  engineers  or  other 
experts  of  the  Board,  to  cities  and  towns,  for  the  purpose  of  making 
investigations  and  inspection  and  giving  advice. 

Two  public  hearings  were  held  by  the  Board  during  the  year :  one 
on  June  14,  in  answer  to  a  petition  for  the  action  of  the  Board  rela- 
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live  to  the  Butchers'  Rendering  Association ;  and  the  other  July  26, 
to  the  inhabitants  of  the  district  lying  upon  the  borders  of  the  Con- 
cord and  Sudbury  rivers. 

The  statistics  of  mortality  compiled  from  the  weekly  postal  card 
returns  from  the  registering  authorities  of  cities  and  towns  have  been 
published  weekly  during  the  year  in  the  form  of  a  bulletin,  which 
also  contains,  once  in  each  month,  a  report  of  the  work  done  in  the 
line  of  food  and  drug  inspection,  together  with  the  prosecutions 
made  under  the  food  and  drug  acts.  In  addition  to  these  items  there 
is  also  published  in  the  same  bulletin  a  weekly  report  of  the  number 
of  cases  of  infectious  diseases  reported  by  the  local  boards  to  the 
State  Board  of  Health. 

The  following  table  presents  certain  statistical  data  relative  to  the 
routine  work  of  the  Board :  — 

Statistical  Table  for  the  Year  ending  Sept.  SO,  1894. 

Whole  number  of  samples  of  foods  and  drugs  examined  daring  the  year,  6,824 

Samples  of  milk  examined  (included  in  the  foregoing), ....  3^01 

Whole  number  examined  since  beginning  of  work  in  1883,     .        .        .  60,397 
Whole  number  of  samples  of  milk  examined  since  beginning  of  work 

in  1888, 80,577 

Number  of  prosecutions  against  offenders  during  the  year,     ...  90 

Number  of  convictions  during  the  year, 77 

Amount  of  fines  secured  during  the  year, $2,625  00 

Force  employed  in  general  work  of  Board  at  central  oflSce,  State  House :  — 

Secretary, 1 

Clerks, 8 

Messenger, l 


Total, 


4 


Force  employed  at  central  office,  State  House,  Boston,  for  food  and  drug 

inspection,  chemists  and  assistants 2 

At  Amherst, 1 

—    3 
Inspectors, 3 


Total, 


6 


Statistical  Table  for  the  Year  1894. 

Applications  for  advice  from  cities,  towns  and  others :  — 

Relating  to  water  supply, 40 

Relating  to  sewerage  and  drainage, 10 

Relating  to  pollution  of  streams, 3 

Total, 53 
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Xamber  of  samples  of  water  examined  chemically  and  microscopically 

It  the  Massachusetts  Institute  of  Technology, 2,006 

Number  of  samples  of  sewage  and  water  examined  chemically  and  bac« 

tonally  at  the  Lawrence  Experiment  Station, S«584 

Number  of  samples  of  sand  examined  chemically  and  bacterially  at  the 

Lawrence  Experiment  Station, 420 

Number  of  samples  of  sand  examined  mechanically  at  the  Lawrence 

Experiment  Station, 234 

Additional  samples  examined  bacterially  at  the  Lawrence  Experiment 

Station, 6,295 

Total  number  of  samples  examined, 11,489 


Force  employed  at  central  office :  —  * 
Chief  engineer,    .        .        •        . 
Assistant  engineers,     . 
Stenographer  and  clerk. 


1 

2 

1 
—    4 


At  Massachusetts  Institute  of  Technolog}' :  — 

Chief  ebemi8t,t 

Assistant  chemists,      .... 

Chief  biologist^f 

Assistant  biologist. 


At  Lawrence  Experiment  Station :  -^ 

Chemists, 

Bacteriologists,    •        .        .        . 
Other  issistanta  and  laborers,     . 


Total  ordinary  force. 


1 
5 
1 

1 

—    8 


2 
3 

4 
—    9 

21 


The  namer  of  applications  for  advice  under  the  provisions  of  chap- 
ter 275,  Acts  of  1888,  received  since  July,  1886,  when  the  act  relat- 
ing to  water  supply  and  sewerage  first  went  into  operation,  is  as 

follows :  — 


1886,    ..       .        . 

8 

1892, 

1887,    .... 

S2      1893, 

1888,    .... 

.        .        28 

1894, 

1880,    ..      .        . 

.        88 

1890,    .... 

23 

1 

1891 

.       63 

66 

61 
63 


Total,    .        .        .  .832 


*  Xot  iadndlBg  tbe  tone  employed  upon  the  metropolitan  water  supply  Inyettigitions. 
t  T&e  diief  ^oriagad  biologist,  altlioagh  locited  at  the  Manacbasetti  Institute  of  Tech- 
DoloKy,  have  the  OTBi|||t  of  the  diemical  and  Uological  work  at  the  Lawrence  Experiment 
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Becommendatiok  s  • 

The  following  recommendation  was  made  to  the  Legislature  at 
the  beginning  of  the  session  of  1895. 

The  Board  recommends  the  continuance  of  its  inyestigations  now  being 
carried  on  as  anthorized  by  the  provisions  of  ohapt«^r  375  of  the  Acts  of 
1888.  For  this  parpose,  and  to  make  the  necessary  investigations  in  order 
to  advise  cities,  towns,  corporations  and  individoals  in  regard  to  the  best 
methods  of  assuring  the  purity  of  intended  or  existing  water  supplies  and 
the  best  method  of  disposing  of  sewage,  and  to  carry  out  the  other  pro- 
visions of  chapter  875  of  the  Acts  of  1888,  the  Board  estimates  that  the 
sum  of  $30,000  will  be  required. 


Expenditures. 

The  work  of  the  Board  is  conducted  under  the  provisions  of 
several  statutes,  and  for  its  different  departments  of  work  these  ap- 
propriations are  annually  made,  one  for  the  general  work  of  the 
Board,  one  for  the  inspection  of  food  and  drugs  And  a  third  for  the 
carrying  out  the  provisions  of  chapter  375  of  the  Acts  of  1888,  relat- 
ing to  the  protection  of  the  purity  of  inland  waters.  In  addition  to 
the  foregoing,  special  appropriations  have  been  made  from  time  to 
time,  as  occasion  has  demanded,  for  the  purpose  of  enabling  the 
Board  to  conduct  special  lines  of  investigations. 

The  appropriations  for  the  different  departments  of  work  in  1894 

were  as  follows :  — 

• 

For  the  general  work  of  the  Board, ......       110,800 

For  food  and  drug  inspection,  .......  11,500 

For  carrying  out  the  provisions  of  chapter  375,  Acts  of  1888, .  27,000 

In  addition  to  the  foregoing  regular  lines  of  work  the  Board  con- 
tinued its  investigations  upon  the  subject  of  a  general  water  supply 
for  the  metropolitan  district,  and  was  also  authorized  to  expend 
$20,000  for  carrying  out  the  provisions  of  an  act  "  relative  to  the 
protection  of  the  public  health  in  the  valleys  of  the  Concord  and 
Sudbury  rivers"  (see  page  cviii). 

The  expenditures  in  1894  under  the  foregoing  appropriations  were 
as  follows : — 
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For  the  General  Work  of  Board,  Sept.  90,  1893,  to  Sept.  SO,  1894. 

Salaries, |4,982  98 

Priming, 1,932  68 

Travelling  expenses, 474  62 

Special  iDvestigatioDS, 589  64 

Postage, 243  64 

Books,  subscriptions  and  binding, 310  66 

Express, 282  37 

Stationery, 290  74 

Telephone, 200  05 

Type-writer, 95  00 

Type-writer  and  library  supplies, 78  01 

Office  incidentals, 154  02 

Messenger  services,          .                322  67 

Telegrams, 9  18 

Drafting  woodcuts, 55  50 

Total, 110,021  46 

For  Food  and  Drug  Inspection,  fok  Year  ending  Sept.  80,  1894. 

Salaries  of  analysts, $4,500  00 

Salaries  of  inspectors, 8,900  00 

Travelling  expenses  and  purchase  of  supplies,      .      -  .        .  1,660  00 

Apparatus  and  chemicals, 205  40 

Fnmiture  and  fittings  at  laboratory, 1  95 

Legal  services, 5  00 

Gas, 20  00 

Extra  senrices, 48  00 

Milk  cans,  tags,  washing  windows  and  sundry  small  supplies,  24  29 

Total 110,364  64 

elpbtses  under  chapter  375,  of  acts  of  1888  (protection  of  puritt  of 
Inland  Waters),  for  Calendar  Year  1894^ 

Salaries,  including  wages  of  laborers  at  Lawrence  Experi- 
ment Station,         .V 123,153  54 

Apparatus  and  materials 1,332  24 

Bent  of  rooms  at  Massachusetts  Institute  of  Technology,     •  750  00 

Kentof  Lawrence  Experiment  Station  (thirteen  months),    •  162  60 

Travelling  expenses, 417  62 

Express  charges, 558  72 

Uee  of  tools  and  office,  Lawrence  Experiment  Station, .        •  360  07 

Books,  stationery  and  drawing  materials,       ....  154  20 

Uaps^blneprints  and  photographs, 2144 

Paid  for  collecting  samples  of  water, 7  18 

Postage  stamps, 61  85 

Messengers  and  telegi-ams, 8  44 

Printing 22  25 


Total, 127,000  00 
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Total  Expbnditubes,  Investigation  of  Metropolitan  Water  Supply 

(Acts  of  1898,  Chapter  459). 

Salaries  of  engineers,  experts  and  assistants,       •        .        •  132,168  53 

Travelling  expenses  and  subsistence  of  engineers,        .        .  8,240  01 

Laborers  employed  in  making  borings, .....  8,545  05 

Boring  apparatus,  repairs  and  materials,        ....  1,821  94 

Digging  test  pits, 254  SO 

Printing, 50  32 

Stationery  and  drawing  materials, 871  24 

Instruments  and  repairs, 149  73 

Books,  maps  and  map  mounting, 201  44 

Office  fixtures  and  furniture, 48  55 

Small  supplies  and  miscellaneous  expenses, ....  227  28 

Legal  services, 426  61 

Total, 142,500  00* 

Improvement  of  Sudburt  Meadows. 

Salaries  of  engineers  and  assistants, 1774  88 

Travelling  expenses  and  subsistence  of  engineers,        .        •  118  04 

Boat  hire, 15  50 

Drawing  material,  stationery,  etc., 4  68 

Labor, 187  42 

Lumber, 7  84 

Photographs,  blue  prints,  etc., 4  85 

Sundry  incidentals, 18  67 

Surveying  instruments  and  repairs, 4  70 

Total, .      |1,076  58 

H.  P.  WALCOTT, 
H.  F.  MILLS, 

F.  W.  DRAPER, 

G.  C.  TOBEY, 
J.  W.  HULL, 
C.  H.  PORTER, 

8taU  Board  ofHeaUh. 

*  This  sum  inclades  the  whole  amount  expended  in  the  two  years  1893  and  1894. 
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REPORT  OF  THE  STATE  BOARD  OF  HEALTH 


TJPON  ▲ 


METROPOLITAN   WATER   SUPPLY, 


To  the  Honorable  the  Senate  and  Bouse  of  Bepresentativea  of  the  Commonwealth  in 

General  Court  assefinbled. 

The  State  Board  of  Health,  acting  under  the  authority  of  chapter 
459  of  the  Acts  of  1893,  has  investigated  and  considered  the  question 
of  a  water  supply  for  the  city  of  Boston  and  its  suburbs  within  a 
radius  of  ten  miles  from  the  State  House,  and  for  such  other  cities 
and  towns  as,  in  its  opinion,  should  be  added  thereto ;  and  has  also 
made  the  additional  investigations  set  forth  in  the  second  section 
of  the  same  act,  and  now  desires  to  submit  the  following  report :  — 

The  act  under  which  the  Board  has  conducted  this  inquiry  appar- 
ently provides  for  the  same  general  treatment  of  the  question  of  water 
supply  as  was  adopted  by  the  General  Court  of  1887  for  the  creation 
of  a  sewerage  system  for  a  somewhat  smaller  district.  Substantially 
all  the  arguments  that  were  urged  by  this  Board  for  the  metro- 
politan sewerage  system,  which,  built  in  accordance  with  our  recom- 
mendations, is  now  nearly  completed,  may  be  used  with  even  greater 
force  in  aid  of  any  well-devised  plan  for  giving  to  a  still  larger 
district  a  sufficient  supply  of  the  best  water  attainable. 

F.  P.  Steams,  C.E.,  chief  engineer  of  the  Board,  has  prepared  the 
very  full  and  accurate  statement  of  the  present  and  future  resources 
of  water  available  for  this  metropolitan  district,  together  with  all 
necessary  details  as  to  the  structures  at  the  great  reservoir,  the  aque- 
duct leading  from  it,  the  new  pipe  lines  and  pumping  stations,  within 
the  district ;  and,  in  addition  to  the  information  already  in  posses- 
sion of  the  Board,  has  been  able  to  state  the  results  of  many  new 
inquiries  undertaken  for  the  purposes  of  this  report.     The  financial 
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aspects  of  the  problem  are  also  treated  by  him  in  an  instmctive 
manner. 

J.  P.  Davis,  C.E.,  who  has  been  for  a  series  of  years  entirely 
familiar  with  all  the  great  municipal  works  for  vater  and  sewerage 
of  the  metropolitan  district,  has  made  a  carefol  examination  of  the 
work  of  our  engineer,  and  finds  it  to  be  well  considered  and  trust- 
worthy. Mr.  Davis  was  for  many  years  city  engineer  of  Boston, 
and  in  this  capacity  designed  and  had  charge  of  the  construction  of 
the  works  for  taking  water  from  the  Sudbury  River.  He  has  also 
been  consulting  engineer  to  the  Aqueduct  Commission  of  the  city 
of  New  York,  and  was  one  of  the  experts  consulted  as  to  the  pro- 
posed Quaker  Bridge  Dam. 

Dexter  Brackett,  C.E.,  has  embodied  in  two  appendices  the  re- 
sults of  observations  and  studies  to  which  he  has  devoted  many 
years. 

Another  appendix,  numbered  3,  contains  a  description  by  Des- 
mond FitzGerald,  C.E.,  of  plans  for  the  draining  of  swamps,  which 
are  now  under  consideration  for  the  improvement  of  the  Sudbury 
water-shed. 

Dr.  Drown's  paper  upon  the  influence  exercised  by  organic  matter 
in  the  soil  of  reservoirs  upon  the  water  stored  therein  has  so  much 
that  bears  upon  the  recommendations  of  this  report  that  we  again 
publish  it  in  Appendix  4. 

All  the  special  information  that  may  be  found  necessary  to  explain 
or  support  the  compressed  conclusions  of  our  own  report  will  be 
supplied  by  the  valuable  reports  of  the  eminent  authorities  above 
enumerated. 

The  most  familiar  experience  of  this  part  of  the  world,  at  least  in 
the  matter  of  its  water  supplies,  has  been  the  failure  of  sources 
originally  supposed  to  be  abundant  to  properly  meet  the  wants  of 
their  respective  communities  for  any  considerable  length  of  time. 
The  plans  of  the  city  of  Boston,  beginning  with  its  first  scheme  for 
a  general  water  supply  in  the  year  1825,  have  proved  no  exception 
to  this  rule,  and  yet  this  city  has  had  the  services  of  the  ablest  men 
of  their  day. 

The  reason  for  this  constant  disappointment  is  easily  discovered. 
The  quantity  of  water  which  the  householder  of  to-day  demands  for 
the  conveniences  as  well  as  for  the  necessities  of  his  daily  life  has 
increased  beyond  all  expectation.  If  this  enlarged  quantity  can  be 
secured  without  undue  delay  and  without  such  injury  as  may  easily 
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he  made  whole,  it  is  evidently  for  the  general  welfare  that  such 
provision  should  be  made ;  for  it  seems  to  us  reasonable  to  claim 
that  no  small  share  in  the  improved  and  still  improving  state  of  the 
public  health  may  be  traced  to  the  measures  now  adopted  for  the 
protection  of  the  purity  of  waters  and  to  the  greater  cleanliness  of 
person,  clothing  and  all  surroundings  which  inevitably  result  from  a 
practically  unlimited  freedom  in  the  use  of  water.  It  is  essential, 
then,  to  determine,  if  possible,  the  amount  of  water  needed  at  the 
present  day,  with  such  forecast  as  to  future  requirements  as  can  be 
safely  made. 

It  is,  of  course,  true  that  a  comparatively  small  amount  of  pure 
water  would  meet  all  the  demands  for  drinking  and  cooking,  and  that 
a  water  of  inferior  quality  would  answer  for  other  domestic  purposes 
as  well  as  for  all  municipal  requirements  and  the  demands  of  manu- 
factures ;  but  no  satisfactory  arrangement  has  as  yet  been  made  by 
which  two  kinds  of  water  can  be  economically  and  safely  distributed 
through  the  streets  and  buildings  of  cities  and  towns. 

It  was  discovered  by  this  Board,  some  years  since,  that  no  incon- 
siderable portion  of  the  cases  of  typhoid  fever  found  in  certain  manu- 
facturing towns  in  this  State  was  the  result  of  the  careless  drinking 
of  a  dangerous  water,  which  is  used  in  the  mills  for  mechanical 
purposes  only,  is  understood  to  be  dangerous  and  is  distinctl)*^  so 
marked ;  but  this  inferior  water  was  still  used  by  the  operatives, 
because  it  was  sometimes  cooler,  was  tasteless,  and  generally  more 
accessible. 

The  Board  has  hoped  that  it  might  be  possible  to  devise  some  plan 
by  which  the  very  limited  amount  of  quite  pure  water  really  needed 
in  our  houses  might  be  secured  and  distributed ;  but  no  satisfactory 
method  has  as  yet  suggested  itself,  nor  with  the  present  outlook  for 
an  abundant  supply  of  very  good  water  does  such  a  plan  seem  to  be 
an  urgent  need  either  on  grounds  of  health  or  economy. 

The  average  daily  consumption  of  water  in  the  metropolitan  dis« 
trict  for  the  year  1894  was  79,046,000  gallons,  the  average  daily 
capacity  of  the  sources  now  in  existence  for  the  supply  of  this  dis- 
trict was  only  83,700,000  gallons ;  that  is  to  say,  the  average  daily 
supply  is  only  4,654,000  gallons  in  excess  of  the  actual  needs. 
Though  some  of  the  sources  of  supply  to  the  district  are  capable  of 
yielding  larger  quantities  of  water  than  are  at  present  furnished  (as 
will  be  shown  in  detail  in  the  accompanying  report  of  our  engineer) , 
we  are  satisfied  that  even  a  very  thorough  development  of  all  these 
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sources  will  barely  carry  the  district  safely  through  a  year  of  unusual 
drought,  should  such  a  season  occur  before  the  date  at  which  the 
works,  hereafter  to  be  described,  can  be  put  in  condition  to  in- 
crease the  supply ;  and  this  would  be  true  even  though  the  cities  or 
towns  which  might  find  themselves  possessed  of  a  surplus  supply 
could  transfer  it  to  their  neighbor  in  want. 

The  population  of  this  metropolitan  district  was,  by  the  United 
States  census  of  1890,  844,814.  Estimates  which  have  been  care- 
fully made,  and  with  a  due  regard  to  the  diminution  in  rate  of  in- 
crease by  reason  of  the  depression  in  business,  place  the  population 
for  the  year  1895  at  984,301.  The  water  works  of  the  city  of 
Boston  now  supply  nearly  75  per  cent,  of  all  the  water  used  in  the 
metropolitan  district.  The  daily  average  consumption  of  those  cities 
and  towns  receiving  water  fh)m  the  Boston  works  was  99  gallons  in 
1893,  and  the  average  for  the  entire  district  now  under  consideration 
was,  for  the  same  year,  83  gallons.  It  seems  to  be  generally  true 
that  the  nearer  we  approach  the  centres  of  population  the  greater 
becomes  the  use  of  water ;  and,  with  the  inevitable  growth  of  Boston 
and  its  suburbs,  it  does  not  appear  to  us  wise  to  calculate  upon  a 
requirement  per  inhabitant  of  less  than  100  gallons  for  the  long 
period  of  years  for  which  we  seek  a  supply. 

We  have  not  deemed  it  necessary  or  advisable  to  busy  ourselves 
with  the  insoluble  problem  of  the  probable  future  increase  of  popu- 
lation in  and  about  Boston.  We  have  assumed  that  the  growth  will 
go  on  as  it  has  gone  on  during  the  last  quarter  of  a  century ;  and  for 
a  population  determined  by  such  principles  we  have  made  provision. 

While  every  effort  has  been  made  to  reconcile  the  views  of  the 
local  authorities  with  our  own  as  to  their  respective  requirements 
both  in  regard  to  quantity  and  quality  of  water  needed  and  their 
capacity  to  meet  such  demands,  the  Board  has  in  several  cases  ar- 
rived at  results  quite  different  from  those  held  by  these  authorities. 
It  is  assumed  that  no  portion  of  this  large  and  intimately  associated 
community  will  accept  for  any  length  of  time  a  water  inferior  to  that 
enjoyed  by  their  neighbors,  either  in  healthful  qualities  or  attractive 
appearance  and  odor ;  and  it  will  not  be  profitable  as  a  municipal 
investment  to  offer  the  stranger  seeking  a  new  home  anything  so 
essential  to  his  health  and  comfoii  as  water  is,  that  shall  be  decidedly 
poorer  than  the  article  distributed  on  the  other  side  of  the  town's 
borders. 

It  has,  therefore,  been  assumed  by  us  that  the  various  communities 
under  consideration  will  take,  sooner  or  later,  the  better  water,  pro- 
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Tided  that  the  cost  of  taking  it  is  not  in  exoess  or  greatly  in  excess 
of  that  of  an  existing  and  inferior  supply. 

It  will  also  be  found  to  be  true,  we  think,  that  a  very  large  amount 
of  the  best  water  can  be  provided  for  the  district  at  a  price  per  head 
&r  below  that  at  which  any  municipality  within  the  district,  with 
the  exception  probably  of  Brookline,  Newton  and  Waltham,  can  sup- 
ply a  water  of  anything  like  an  equal  quality.  Moreover,  in  our 
opinion,  the  most  fiivored  locality  in  this  region  has  no  prospect  of 
obtaining  beyond  the  next  twenty  or  twenty-five  years  any  source 
of  supply  that  can  be  fiatvorably  compared,  either  on  grounds  of 
health  or  economy,  with  the  source  to  be  later  described.  It  is  by 
no  means  certain  that  Waltham,  even  with  its  present  abundant  and 
good  supply,  can  continue  to  depend  through  a  series  of  years  upon 
water  filtered  uninterruptedly  in  ever-increasing  quantities  from  a 
river  more  or  less  polluted. 

Of  the  communities  composing  the  metropolitan  district,  those 
Qsing  80  per  cent,  of  the  full  amount  of  water  will  need  the  metro- 
politan supply  nearly  as  soon  as  it  can  be  furnished.  It  is  probably 
possible  for  those  using  10  per  cent,  of  the  full  amount  to  extend 
their  works  so  that  they  may  give  them  a  supply  for  twenty  or 
twenty-five  years,  and  the  remaining  10  per  cent,  will  need  the 
metropolitan  supply  within  a  shorter  time. 

The  worko  of  distribution  have  been  so  designed  that  the  first  cost 
will  be  increased  as  little  as  practicable,  and  that  they  may  be  in 
condition  to  supply  these  communities  when  they  shall  need  the 
water,  by  additions  to  the  works  first  constructed ;  but  some  expense 
must  necessarily  be  incurred  at  first,  on  account  of  the  prospective 
use  by  these  communities. 

For  the  purpose  of  determining  which  cities  and  towns  should  be 
inclnded  in  the  district  to  be  formed,  a  careful  review  has  been 
undertaken  of  all  the  facts  within  our  reach  which  have  a  bearing 
upon  this  question,  —  facts  which  will  be  found  duly  stated  in  the 
subjoined  report  of  the  engineer,  Mr.  Stearns ;  and  we  accordingly 
recommend  that  the  cities  of  Boston,  Cambridge,  Chelsea,  Everett, 
Lynn,  Maiden,  Medford,  Newton,  Quincy,   Somerville,  Waltham 
and  Wobum,  and  the  towns  of  Arlington,  Belmont,  Brookline,  Hyde 
Pi^k,  Lexington,  Melrose,  Milton,  Nahant,  Severe,  Saugus,  Stone- 
iam,  Swampscott,  Wakefield,  Watertown,  Winchester  and  Winthrop, 
tirenty-eig^ht  cities  and  towns,  containing,  in  1890,  848,012  inhabi- 
tants, constitute  the  metropolitan  water  district. 
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Inasmuch  as  the  cities  of  Cambridge,  Lynn,  Newton,  Waltham 
and  Woburn,  and  the  towns  of  Brookline,  Lexington,  Nahant, 
Saugas,  Swampscott  and  Winchester,  together  containing,  in  1890, 
210,252  inhabitants,  believe  that  they  have  a  sufficient  supply  for 
some  years  to  come,  we  do  not  recommend  that  they  be  provided 
with  water  from  the  metropolitan  supply  until  they  formally  express 
their  wish  for  it.  These  municipalities  contained  about  one-fourth 
of  all  the  people  living  in  the  proposed  district  in  the  year  1890. 
We  have  no  hesitation  in  recording  our  own  belief  that  the  period 
at  which  this  supply  will  be  demanded  by  them  is  much  nearer  than 
they  now  anticipate ;  but  their  participation  in  the  scheme  is  not 
essential  to  the  success  of  the  undertaking,  nor  will  their  absence 
render  the  immediate  procuring  of  a  new  water  supply  any  the  less 
necessary. 

After  a  thorough  revision  of  all  the  sources  of  water  which  have 
been  suggested  or  which  we  could  discover,  we  selected  three  which 
seemed  woithy  of  critical  examination,  —  Lake  Winnipiseogee  in 
New  Hampshire,  the  Merrimack  River  above  Lowell  and  the  Nashua 
River  above  Clinton, 

Lake  Winnipiseogee  has  for  many  years  been  held  to  be  the  ideal 
of  all  that  was  needed  in  the  way  of  a  perfect  source  of  pure  water, 
and  it  is  capable  of  furnishing  an  abundant  and  excellent  supply. 
The  clear  depths  of  its  waters  and  the  apparent  freedom  from  pollu- 
tion along  its  shores,  unlike  many  of  the  artificial  reservoirs  hitherto 
constructed,  have  created  so  strong  a  popular  belief  in  its  necessary 
superiority  to  anything  artificial  that  it  may  not  be  out  of  place  to 
direct  attention  for  a  moment  to  some  of  the  defects  to  be  found 
even  here.     The  permanent  population  on  the  territory  draining  to 
the  lake  is  not  large,  —  35  persons  per  square  mile ;  but  the  attrac- 
tive shores  have  become  the  favorite  summer  camping-ground  of 
thousands,  and  the  amount  of  the  most  serious  forms  of  pollution 
directly  entering  the  water  of  the  lake  must  be  large  and  ever-grow- 
ing.    Even  though  the  State  of  New  Hampshire  might  allow  a  cer- 
tain amount  of  water  to  be  taken  from  this  lake  for  domestic  water 
supply  within  her  own  limits,  it  is  not  probable  that  she  would  con- 
sent to  the  withdrawal  of  amounts  of  water  so  large  as  to  injure  her 
own  manufacturing  industries,  or  to  give  to  the  people  of  another 
State  any  authority  to  interfere  by  police  regulations  with  the  un- 
hampered enjoyment  by  her  own  citizens  of  her  beautiful  pleasure- 
grounds. 
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The  expense,  however,  of  constructing  a  conduit  over  the  shortest 
and  best  route  which  it  has  been  possible  to  discover,  and  for  dis- 
tributing this  water  through  the  district,  amounts  to  $34,000,000. 
This  large  sum  does  not  include  the  cost  of  the  damages  inflicted  by 
'  the  diversion  of  water  and  charges  incident  thereto ;  and  we  are  con- 
fident that  the  water  thus  obtained  would  have  no  greater  value  than 
supplies  which  can  be  obtained  at  much  smaller  cost  within  the  limits 
of  this  State  and  protected  by  our  own  laws. 

Examinations  have  also  been  made  with  the  view  of  taking  the 
water  of  the  Merrimack  River  above  Lowell,  subjecting  it  to  eflScient 
filtration  and  bringing  it  down  into  the  metropolitan  district.  The 
quantity  of  water  that  could  be  obtained  in  this  way  and  for  this  pur- 
pose is  unlimited ;  and,  if  there  were  no  way  of  obtaining  a  better 
supply  of  water  and  one  which  was  above  suspicion,  it  would  be 
practicable  to  introduce  water  from  that  source  at  a  cost  somewhat 
less  than  from  any  other  source  considered. 

The  estimated  cost  of  filtering  and  conveying  this  water  to  the 
metropolitan  district  is  $17,500,000;  but  in  the  opinion  of  the 
Board  it  will  be  better  to  pay  10  per  cent,  more  for  a  supply  from  a 
source  that  has  not  been  polluted.  The  experiments  carried  on  by 
this  Board  for  a  succession  of  years  at  an  experiment  station  in 
Lawrence  under  the  immediate  direction  of  H.  F.  Mills,  C.E.,  a 
member  of  this  Board,  and  the  filter  constructed  in  connection  with 
the  water  works  of  that  city,  have  shown  that  waters  as  polluted  as 
those  of  the  Merrimack  can  be  eflfectually  filtered  and  rendered  safe 
for  domestic  use;  but  it  is  also  true  that  filtering  areas  require 
continuous  care  on  the  part  of  well-trained  attendants,  and  that,  in 
a  few  instances  at  least,  inefficient  administration  or  inherent  defects 
of  construction  have  allowed  disease  germs  to  pass  through  filters 
which  were  assumed,  by  good  authority,  to  be  a  sufficient  protec- 
tion. 

We  are  the  more  easily  led  to  reject  the  filtered  waters  of  the 
polluted  Merrimack  because  we  have  found  an  entirely  satisfactory 
water  in  the  South  Branch  of  the  Nashua  River  above  the  town  of 
Ginton,  We  find  that  the  conduit  of  the  Boston  water  works  was 
built  of  much  larger  capacity  than  was  needed  for  the  conveyance 
of  the  amount  of  water  to  be  deiived  from  the  Sudbury  River,  being 
capable  of  taking  50,000,000  gallons  a  day  more  than  is  at  present 
supplied  to  it.  The  territory  from  which  an  additional  supply  for 
this  district  may  be  sought  is  thus  moved  out  to  the  westerly  end 
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of  this  conduit,  or  to  the  westerly  end  of  the  valley  and  reservoir 
connected  with  this  conduit. 

The  first  source  of  considerable  size  found  to  the  west  of  this 
point  is  the  above-named  South  Branch  of  the  Nashua,  which,  at  the 
town  of  Clinton,  has  a  water-shed  of  118.23  square  miles,  consisting  ' 
of  a  sparsely  settled  district  containing  but  69  persons  to  the  square 
mile.  The  southerly  and  easterly  slopes  of  Wachusett  Mountain 
which  bound  this  territory  to  the  north  and  west  are  not  well 
adapted  to  agriculture,  and  offer  few  inducements  to  the  establish- 
ment of  manufactures.  In  this  section  the  rate  of  increase  of  popu- 
lation has  been  very  slight,  and  the  distance  from  centres  of 
population  is  such  that  no  more  rapid  rate  of  growth  can  be  exp>ected 
in  the  future. 

In  this  river,  a  short  distance  above  the  Lancaster  Mills  in  Clin- 
ton, a  dam  can  be  built  which  will  raise  the  water  107  feet  above 
the  surface  of  the  existing  mill-pond,  and  flowing  to  the  average 
depth  of  46  feet  an  area  of  6^  square  miles,  with  its  high-water  mark 
385  feet  above  the  level  of  high  tide  in  Boston  harbor.  This  reser- 
voir will  have  a  capacity  of  63,000,000,000  gallons,  and  the  terri- 
tory draining  into  it  will  supply,  in  a  series  of  very  dry  years, 
111,000,000  gallons  of  water  daily,  which,  with  the  62,000,000 
gallons  obtainable  from  the  Sudbury  and  Cochituate  water-sheds, 
will  make  the  total  capacity  of  the  combined  sources  173,000,000 
gallons,  which  is  double  the  capacity  of  all  the  sources  now  utilized 
by  the  metropolitan  district. 

The  reservoir  can  be  connected  with  the  new  Reservoir  No.  5  now 
constructing  by  the  city  of  Boston  in  the  Sudbury  River  system. 
The  connection  would  be  made  by  an  aqueduct  a  little  less  than  9 
miles  long,  and  an  open  channel  about  3  miles  long  following  the 
course  of  an  existing  brook.  This  aqueduct  is  designed  to  be  built 
low  enough  to  take  water  from  the  level  of  the  present  mill-pond  in 
Clinton ;  so  that,  should  it  become  necessary  to  increase  the  supply 
to  the  metropolitan  district  before  the  dam  and  reservoir  are  com- 
pleted, the  ordinary  flow  of  the  river  could  be  brought  down  into 
the  Sudbury  system  as  soon  as  the  aqueduct  is  built. 

The  very  gi'eat  merit  of  the  plan  now  submitted  is  to  be  found  in 
the  fact  that  this  extension  of  the  chain  of  the  metropolitan  water 
supplies  to  the  valley  of  the  Nashua  will  settle  forever  the  future 
water  policy  of  the  district,  for  a  comparatively  inexpensive  conduit 
can  be  constructed  through  to  the  valley'  of  the  Ware  River,  and 
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l)eyond  the  Ware  River  lies  the  valley  of  the  Swift ;  and,  in  a  future 
so  far  distant  that  we  do  not  venture  to  give  a  date  to  it,  are  portions 
of  the  Westfield  and  Deerfield  rivers,  capable,  when  unit^,  of  fur- 
nishing a  supply  of  the  best  water  for  a  municipality  larger  than  any 
now  found  in  the  world. 

The  expense  of  this  great  scheme  is  comparatively  moderate, 
'because  the  water-sheds  in  question  are  sparsely  settled,  lie  among 
the  higher  regions  of  the  State,  and  are  not  likely  to  become  the  seat 
of  manufacturing  industries.  Moreover,  all  these  streams  can  be 
brought  down  by  their  own  natural  flow  from  appropriate  reservoirs 
to  the  existing  distributing  basins  in  the  metropolitan  district. 

The  water  in  the  South  Branch  of  the  Nashua  River  is  at  present 
of  good  quality,  and,  with  the  small  population  upon  its  drainage 
area,  it  will  not  be  difficult  to  protect  it  from  impurities  in  the 
future ;  but,  in  the  opinion  of  the  Board,  the  large  reservoir  to  be 
constructed  will  serve  as  a  means  of  very  much  improving  the  quality 
of  the  water ;  its  area  and  depth  are  so  great  that  it  will  contain,  at 
nearly  all  stages  at  which  it  is  proposed  to  hold  the  water,  a  full 
year's  supply  when  double  the  quantity  now  used  in  the  metropolitan 
district  is  drawn  from  it  and  the  Sudbury  and  Cochituate  areas. 
During  the  long  period  through  which  water  remains  in  this  reservoir 
a  bleaching  and  purifying  process  will  go  on,  which  will  probably 
cause  the  death  of  all  the  disease  germs  which  may  be  turned  into  it 
from  contributing  streams,  and  the  water  thus  become  more  agreea- 
ble to  the  sight  and  taste,  and  be,  in  fact,  more  wholesome  than  the 
present  water  from  any  of  its  contributing  streams.  In  order  that 
this  may  be  the  case,  the  Board  has  thought  best  to  increase  the 
depth  of  the  reservoir  by  raising  the  dam,  and  to  remove  from  its 
area  the  vegetable  matter  and  soil  which  may  cover  it,  and  thus 
expend  about  $4,000,000  in  rendering  the  water  of  the  best  quality 
practicable. 

So  many  advantages  are  oflTered  by  larger  storage  reservoirs,  as 
compared  with  the  smaller  basins,  which  local  geographical  peculiar- 
ities have  compelled  the  metropolitan  district  to  build  hitherto,  that 
it  has  seemed  advisable  to  us  to  urge  the  completest  possible  prepa^ 
ration  of  this  new  reservoir. 

After  this  new  water  has  been  brought  into  the  Sudbury  system, 
it  will  pass  down  into  Chestnut  Hill  Reservoir,  where  it  will  for  the 
first  time  require  to  be  pumped  to  an  elevation  of  30  feet,  sufficient 
to  give  an  additional  head  to  the  Boston  low-service  system  and  to 
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carry  over  to  Spot  Pond  the  supply  needed  for  the  northerly  portion 
of  the  metropolitan  district.  In  our  estimates  of  cost  a  sum  of  money 
has  been  set  aside  for  the  improvement  of  Spot  Pond,  principally 
for  removing  its  shallow  flowage,  and  we  believe  it  will  then  be  a 
valuable  distributing  reservoir  and  restored  to  its  normal  height. 

It  is  estimated  that  no  other  conduit  will  be  required  in  addition 
to  the  present  one  from  Sudbury  River  to  Chestnut  Hill  Reservoir 
for  ten  or  more  years ;  but  before  the  end  of  this  period  it  will  be 
necessary  to  build  an  additional  conduit,  extending  from  Reservoir 
No.  5  of  the  Boston  water  works  to  a  point  in  the  town  of  Weston 
not  far  from  the  Charles  River,  at  such  a  height  that  the  water  may 
be  conveyed  in  pipes  to  Spot  Pond,  and  be  distributed  through  the 
low-service  system  in  the  metropolitan  district  by  gravity.  This 
aqueduct  will  be  13^  miles  long,  and  is  designed  to  convey 
250,000,000  gallons  of  water  per  day. 

Spot  Pond  is  selected  for  a  general  distributing  reservoir  in  order 
that  the  low-service  district  may  have  a  pressure  30  or  40  feet 
greater  than  would  be  supplied  by  Chestnut  Hill  Reservoir ;  this 
increased  pressure  is  rendered  necessary  in  order  to  include  large 
areas  in  the  district  which  would  be  inadequately  served  by  the 
lower  reservoir  and  by  the  custom  of  constructing  very  high 
buildings  upon  the  low-lying  territory. 

The  method  of  distributing  the  water  over  the  metropolitan  district 
is  given  in  detail  in  the  report  of  the  chief  engineer ;  it  is  designed  to 
supply  to  each  community  within  the  district  a  sufficient  quantity  of 
water  for  its  use  at  a  pressure  sufficient  for  all  requirements  within 
its  territory,  and  it  will  be  feasible  to  supply  all  the  highest  portions 
of  the  district  more  efficiently  than  at  present  from  a  much  smaller 
number  of  stations  and  at  a  much  diminished  charge  for  annual 
maintenance. 

In  considering  the  plans  for  the  proposed  reservoir  above  the 
Lancaster  Mills,  we  have  been  impressed  by  the  very  serious  changes 
which  will  be  produced  in  the  towns  of  Boylston  and  West  Boylston. 
It  does  not  appear  to  us  to  be  a  very  important  objection  to  our  plan 
that  certain  mill  sites  will  be  80  feet  beneath  the  surface  of  the  basin, 
nor  that  the  homes  of  many  industrious  people  dependent  upon  these 
mills  for  their  living  will  be  also  submerged,  because  all  these  can  be 
paid  for,  and  an  equivalent  will  be  given,  — damages  for  which  we 
have  caused  careful  estimates  to  be  made.  But  we  have  not  deemed 
it  to  be  within  our  province  to  decide  upon  a  plan  for  making  good 
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the  many  other  losses  that  must  of  necessity  &11  upon  these  sorely 
diminished  townships,  —  the  burden  of  a  town  debt  for  which  much 
of  the  available  security  has  been  taken  away,  the  loss  of  a  near  mar- 
ket for  the  farmer  upon  the  outskirts  of  the  town,  and  the  many 
other  losses  which  will  naturally  suggest  themselves.  We  can  only 
state  that  we  recognize  the  existence  of  these  losses,  that  we  believe 
some  form  of  compensation  should  be  granted,  and  that  the  benefit 
to  the  metropolitan  district  by  reason  of  a  pure  water  supply  in 
abundant  quantity  will  be  so  great  that  this  district,  which  contains 
more  than  half  the  taxable  property  of  the  State,  can  afford  to  pay 
for  all  the  injury  inflicted ;  at  the  same  time  we  must  leave  the  sug- 
gestion, even,  of  the  nature  of  the  remedy,  to  the  wisdom  of  your 
honorable  body. 

The  total  assessed  valuation  of  West  Boylston  for  1894  was         .        .  $951,610 

Assessed  value  of  property  to  be  taken, 557,730 

The  total  assessed  valuation  of  Boylston  for  1894  was   ....  429,485 

Assessed  value  of  property  to  be  taken, 165,200 

In  preparing  the  estimates  for  the  cost  of  the  great  work  here 
sketched  out,  we  have  brought  to  our  .assistance  the  best  expert  aid, 
and  believe  that  the  works  can  be  constructed  within  the  estimates 
which  have  been  liberally  made  with  the  usual  allowance  for  contin- 
gencies. 

It  may  also  be  of  interest  to  you  to  know  that,  of  the  whole  water- 
shed of  the  Nashua  River  above  the  city  of  Nashua  in  New  Hamp- 
shire, at  which  place  the  Nashua  enters  the  Merrimack,  the  proposed 
reservoir  cuts  oflT  22  per  cent. ;  but,  with  the  provision  which  is  in- 
serted in  the  draft  of  an  act  herewith  submitted  for  allowing  a  stated 
quantity  of  water  to  be  discharged  into  the  mill-pond  below  the 
reservoir  dam,  the  deprivation  of  water  will  not  be  so  eictensive  as 
(he  proportion  of  reservoir  water-shed  to  the  whole  water- shed  of  the 
Nashua  would  indicate. 

The  estimates  of  cost  have  been  made  by  Mr,  Steams,  the  chief 
engineer  of  the  Board.  They  have  been  made  from  carefully  pre- 
pared designs,  and  are  intended  to  be  sufficient  to  include  the  full 
cost  of  the  completed  work. 

The  cost  of  the  works  necessary  to  supply  all  the  communities  of 
the  metropolitan  district  for  the  next  ten  years  with  the  main  part 
of  the  works  of  sufficient  capacity  for  a  long  future  is  estimated  as 
follows :  — 
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Reservoir  od  Nashua  River,  iaoluding  the  cost  of  land,  buildings  and 
water  rij^hts  taken,  the  relocation  of  roads  and  railroads,  me  re- 
moval or  all  soil  f]X)m  the  site  of  the  reservoir,  the  construction  of 
dams  and  dikes  and  all  incidental  expenses,     ...  .      |9,105f000 

Improvement  of  the  water-shed  of  the  Nashua  River  and  of  the  Stony 
Brook  branch  of  the  Sudbury  River  by  the  diversion  and  purifica- 
tion of  sewage  and  drainage  of  swamps, 613,000 

Aqueduct  from  the  Nashua  Hiver  to  the  Sudbury  water-shed  and  open 
channel  from  the  end  of  the  aqueduct  to  Reservoir  No.  5,      .        .        2,265,000 

Additional  forty-eight-inch  pipe  from  Dam  No.  3  to  Dam  No.  1  and 
across  the  Rosemary  valley, 78,800 

Pumping  stations,  reservoirs  and  pipe  systems  for  elevating  and  dis- 
tributing water  to  all  of  the  cities  and  towns  in  the  metropolitan 
district,  including  the  improvement  of  Spot  Pond,  .  6,584,000 

Damages  for  the  diversion  of  water  from  the  Nashua  River  and  inci- 
dental damages  not  included  above, 1,600,000 

Total  first  cost  of  proposed  works  for  supplying  water  to  all  of 
the  cities  and  towns  in  the  metropolitan  district,      .        .        .    $19,045,800 

The  estimates  of  damages  for  the  diversion  of  water  fix)m  the 
Nashua  River  are  believed  by  the  Board  to  be  ample  to  cover  all 
reasonable  demands,  and  are  made  large  enough  so  that  it  is  prob- 
able that  some  of  the  more  important  can  be  settled  within  the  esti- 
mate without  litigation. 

It  is  not  proposed  in  the  driest  year  to  lower  the  water  in  the 
reservoir  more  than  sixty  feet,  and  there  will  always  be  a  great  fall 
between  the  surface  of  the  water  in  the  reservoir  and  in  the  aqueduct 
leading  from  it.  It  is  estimated  that  this  fall  may  be  utilized  to  fur- 
nish 1,000  horse-power  by  day  and  500  horse-power  by  night  for 
the  first  fifteen  years,  and  nearly  as  much  for  the  following  years. 

The  estimated  first  cost  of  the  proposed  works  for  supplying  water 
to  all  of  the  cities  and  towns  in  the  metropolitan  district  is,  as 
above  stated (19,046,800 

\^'ithin  the  next  ten  ^ears,  if  the  water  is  used  by  all  of  the  cities 
and  towns,  there  will  be  required  an  additional  expenditure  for  an 
aqueduct  from  Reservoir  No.  6  to  Weston,  and  for  main  pipes  and 
an  aqueduct  therefrom  to  the  existing  distributing  system  and  to 
Spotl'ondof 4,982,000 

In  the  second  ten  years  a  further  expenditure  will  be  necessary  for 
additional  pipes  fiom  We8t»n  and%r  improving  a  portion  oF  the 
Sudbury  River  water-shed,  not  included  in  the  first  estimate,  of     .        1,300,000 

Total  expenditure  for  full  development  of  Nashua  River  source, 
and  for  a  supply  of  173,000,000  gallons  of  water  per  day  dis- 
tributed to  all  of  the  cities  and  towns  in  the  metropolitan 
district, $25,327,800 

After  these  twenty  years,  should  the  growth  of  the  district  be  as  esti- 
mated, additions  will  have  to  be  made  by  adding  certain  tributaries  of 
the  Assabet  River,  or  by  extending  the  works  to  the  valley  of  the  Ware 
Elver,  either  of  which  can  be  done  at  a  comparatively  small  cost. 
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The  annual  cost  for  interest,  sinking  fund  and  maintenance  of  the 
works  for  supplying  the  whole  district  when  the  works  are  first 
completed  is  estimated  to  be  ninety-three  cents  per  inhabitant,  and 
the  cost  will  decrease  with  the  growth  of  population. 

In  conclusion  y  ire  desire  to  again  call  your  attention  to  our  pro- 
found conviction  of  the  need  of  prompt  action  in  entering  upon 
works  of  construction  which  cannot  for  years  be  completed,  and  of 
which  the  absolute  necessity  will  at  an  early  day  be  forced  upon  this 
community ;  and  vre  are  confident  that  we  have  pointed  out  an  eco- 
nomical as  well  as  practicable  means  of  securing  one  of  the  most 
essential  conditions  for  healthy  human  life. 

H.  P.  WALCOTT, 
J,  W.  HASTINGS, 
H.  F.  MILLS, 

F.  W.  DRAPER, 

G.  C.  TOBEY, 
J.  W.  HULL, 

C.  H.  PORTER, 

8taU  Board  of  Health. 
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IMPROVEMENT  OF  CHAELES  RIVER. 


Totke  Honorable  the  Senate  and  House  of  Bepresentativee  of  the  CommonweaUh 

in  €feneral  Court  aaeembUd* 

The  undersized,  members  of  the  joint  board*  consisting  of  the 
Board  of  Metropolitan  Park  Commissioners  and  the  State  I^rd  of 
Health,  to  whom  was  referred,  by  chapter  475  of  the  Acts  of  1893, 
the  inyestigatioD  of  the  sanitary  condition,  and  the  preparation  of 
plans  for  the  improvement  of  the  beds,  shores  and  waters  of  the 
Charles  River,  between  Charles  River  bridge  and  the  Waltham  line 
on  Charles  River,  and  for  the  removal  of  any  nuisance  therefrom, 
respectfully  submit  the  following  report :  — 

The  two  boards  named  in  the  act  met  for  organization  August  10, 
1893.  H.  P.  Walcott  was  elected  chairman  of  the  joint  board  and 
H.  S.  Carruth,  secretary.  At  a  later  date  F.  P.  Steams,  C.E.,  was 
appointed  engineer  to  the  board,  and  Messrs.  Olmsted,  Olmsted  and 
Eliot  were  asked  to  consider  the  subject  of  the  improvement  of  the 
river,  to  submit  a  report  thereon  and  to  prepare  a  plan  of  the  im- 
provements recommended.  Mr.  Eliot  had  been  a  member  of  the 
Charles  River  Improvement  Commission  appointed  under  authority 
of  chapter  390  of  the  Actn  of  1891,  had  acquired  complete  familiarity 
with  the  actual  condition  of  the  river,  and  had  made,  in  a  public 
docomeni,  valuable  suggestions  for  its  improvement.     Dr.  Robert 

W.  Greenleaf  of  Boston  was  asked  to  make  a  sanitary  survey  of  the 

district  designated  in  the  act. 
The  membeta  of  the  board  have  personally  examined  the  river  and 

its  banks  at  many  times  and  under  various  conditions.  They  have 
-carefully  considered  the  reports  made  to  them  by  the  experts  em- 
ployed, and  have  reached  the  following  conclusions. 
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The  position  of  the  Charles  River,  in  its  relation  to  the  metropol- 
itan district,  has  necessarily  a  very  great  influence  upon  the  health 
and  comfort  of  the  people  living  in  its  vicinity.  So  long  as  the 
stream  was  comparatively  unpolluted  its  banks  were  occupied  at 
eligible  sites  by  dwellings  of  the  better  sort.  The  increase  of  pollu- 
tion and  the  consequent  nuisance  occasioned  by  it  have  driven  from 
the  banks  those  who  could  afford  to  establish  new  homes  in  more 
attractive  regions,  and  the  places  of  these  have  been  taken  by  a  pop- 
ulation less  sensitive  because  they  cannot  afford  to  avoid  offensive 
surroundings,  or  by  manufactories  that  seek  the  stream  for  commer- 
cial advantage  or  to  be  at  a  distance  from  neighbors  likely  to  com- 
plain of  offensive  processes  incident  to  the  business  carried  on.  Even 
in  those  portions  of  the  river  where  the  vast  quantities  of  salt  water 
brought  in  by  the  tide  so  far  diminish  the  degree  of  pollution  that 
offensive  odors  are  not  observed  except  at  low  tide  and  in  conse- 
quence of  local  causes,  and  where  some  of  the  finest  residences  of 
the  Back  Bay  district  of  the  city  of  Boston  are  to  be  found,  —  even 
here  the  river  has  ceased  to  be  a  welcome  neighbor  except  so  far  as 
the  views  to  the  distant  hills  to  the  north  and  west  are  enhanced  by 
the  water  in  the  not  too  near  foreground,  a  foreground  consisting  of 
a  poorly  kept  alleyway  behind  a  line  of  unsightly  sheds  and  stables 
situated  at  the  rear  of  the  lots  on  the  north  side  of  Beacon  Street,  a 
rude  stone  wall,  upon  which  grow  tufts  of  seaweed  and  unsightly 
grasses,  holding  as  sponges  do  the  floating  putrescible  materials  that 
come  in  contact  with  them,  and  at  the  base  of  the  wall,  at  low 
tide,  a  muddy  expanse  of  many  acres,  marred  by  rubbish  of  every 
description. 

So  many  of  the  great  cities  of  the  world  have  made  use  of  the 
banks  of  rivers  and  basins  as  sites  for  their  finest  public  and  private 
buildings  and  ornamental  grounds  that  we  cannot  escape  from  the 
conviction  that  the  disinclination  to  so  use  the  Charles  River  within 
the  limits  under  consideration  rests  either  upon  nuisances  already  in 
existence  or  the  apprehension  of  danger  to  health.  The  river  runs 
through  the  very  centre  of  the  metropolis  and  upon  its  shores  should 
naturally  be  placed  its  most  attractive  structures,  its  monuments  and 
its  finest  dwellings.  It  does  not  seem  appropriate  that  this  terri- 
tory, so  favored  by  position,  lying  at  the  very  heart  of  our  great  city 
and  upon  the  borders  of  a  stream  not  necessarily  offensive,  should 
be  condemned  to  its  present  ignoble  and  noxious  uses.  If  any 
streams  or  any  low  lands  are  to  be  so  used  in  the  vicinity  of  Boston 
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it  wonld  be  well  that  they  should  be  as  far  as  possible  from  the 
centre.  An  enumeration  of  the  people  who  are  actually  resident 
upon  the  territory  which  lies  within  a  distance  of  two  miles  upon 
either  bank  of  the  river,  throughout  the  district  now  under  consider- 
ation, shows  a  population  of  not  less  than  500,000.  Here  in  the 
faiture  will  probably  be  found,  as  now,  the  bulk  of  the  metropolitan 
population. 

The  banks  of  the  river  and  the  exposed  flats  have  become  from 
year  to  year  more  offensive  until,  on  certain  portions  of  the  river, 
the  people  living  near  the  stream  have  been  exposed  to  the  disagree- 
able and  probably  injurious  emanations  therefrom.  So  far  reaching 
bad  this  nuisance  become  that  during  the  summer  of  1892  a  very 
large  portion  of  the  territory  of  Old  Cambridge  was  subject  to  its 
influence,  and  a  petition  was  addressed  to  the  State  Board  of  Health 
signed  by  hundreds  of  householders,  and  by  nearly  all  the  practising 
physicians  of  that  portion  of  the  city,  praying  that  some  relief  might 
be  given  from  a  condition  of  things  believed  to  be  positively  injuri- 
ous to  health,  and  known  to  be  so  offensive  that  windows  had  to  be 
closed  during  the  period  of  low  tide  in  the  river. 

The  medical  profession  believes  that  the  gases  arising  from  decom- 
posing organic  materials  are  injurious  to  health ;  it  has  not  been 
proved,  however,  that  these  gases  do  produce  some  one  distinct 
disease,  but  rather  that  the  continued  breathing  of  them  lowers  the 
vital  resistance  and  predisposes  the  person  exposed  to  them  to  dis- 
eases of  various  kinds  and  all  degrees  of  severity.     But  even  if  the 
physicians  are  in  error  in  believing  such  emanations  to  be  a  danger 
to  health,  it  is  quite  certain  that  the  owners  of  lands  or  houses  on 
the  borders  of  sach  foul  smelling  streams  suffer  a  pecuniary  loss  in 
the  diminished  value  of  their  property,  a  loss   from  which  they 
shoald  be  protected  if  it  be  practicable  to  do  so. 

In  recent  years  it  has  been  thought  that  the  steady  progress  of 
malaria  in  the  valley  of  the  Charles  has  had  a  very  close  connection 
with  the  increasing  pollution  of  the  stream ;  the  careful  examination 
into  this  sabject  by  Dr.  Greenleaf  does  not  show,  however,  that  the 
cases  of  malarial  fever  have  been  in  such  near  connection  with  the 
river  as  to  make  it  probable  that  the  contaminations  of  its  waters  have 
had  any  direct  influence  upon  the  spread  of  the  disease.     Dr.  Oreen- 
leaf,  in  the  course  of  a  house-to-house  survey  of  the  district  adjoining 
the  river,  did,  indeed,  discover  cases  of  malarial  fever,  but  a  satis- 
factory explanation  of  their  occuiTence  was  almost  invariably  found, 
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either  in  local  conditions  not  dependent  apon  the  state  of  the  river, 
or  else  by  exposure  of  the  affected  individuals  in  localities  known  to 
have  become  malarial  in  recent  years.  His  observations  lead  to  the 
same  conclusions  in  this  inquiry  that  other  competent  authorities 
have  drawn  in  all  parts  of  the  world,  that  the  most  important  condi- 
tion to  be  sought  for  defence  against  the  malarial  infection  is  a  thor- 
ough drainage  of  the  soil,  together  with  a  maintenance  of  the  water 
contained  therein  at  an  unchanged  level. 

Two  plans  occur  to  us  for  the  relief  of  the  conditions  thus  briefly 
sketched,  assuming  in  both  cases  that  the  Metropolitan  Sewerage 
System,  now  nearly  completed,  will  remove  the  more  serious  forms 
of  pollution :  — 

First.  To  dredge  all  flats  now  exposed,  and  to  continue  the 
embankment  constructed  in  the  substantial  and  attractive  form  used 
by  the  city  of  Boston  at  the  Charlesbank,  ultimately  carrying  this 
construction  through  the  whole  length  of  the  estuary  and  upon  both 
banks. 

Second.  To  maintain  the  water  in  the  river  through  a  greater  or 
less  length  in  its  course  at  a  permanent  high  level  by  the  construc- 
tion of  a  dam. 

The  objections  to  the  first  plan  are  these :  While  the  river  would 
rise  and  fall  against  a  vertical  wall,  thus  exposing  the  smallest  pos- 
sible surface  at  the  banks,  even  this  surface  would  soon  become 
defaced  by  growths  more  or  less  offensive,  as  has  already  happened 
to  the  recently  constructed  walls  in  the  Charles  River  basin.  The 
embankment  would  be  many  miles  in  length,  would  entail  very 
extensive  fillings  of  low  lands  in  order  to  render  such  lands  available 
for  any  public  use  or  profitable  private  occupation,  and  the  general 
effect  would  not  be  pleasing  to  the  eye,  except  when  the  water  is  at 
or  near  high  tide,  and  lastly,  the  difficulties  of  the  construction  of 
walls  on  account  of  poor  foundation  and  their  great  expense  would 
preclude  for  the  present  at  least  the  building  of  them. 

Having  a  due  regard  to  the  imperative  need  of  some  measure  of 
relief  in  this  valley,  it  does  not  seem  safe  to  longer  delay  the  adop- 
tion of  a  sufficient  remedy,  and  we  therefore  recommend  the  second 
plan,  the  erection  of  a  dam  high  enough  to  keep  even  extreme  tides 
out  of  the  basin  and  the  maintenance  of  the  water  at  a  pernianent 
level,  in  accordance  with  the  plan  of  our  engineer,  F.  P.  Stearns, 
C.E.,  herewith  presented. 

The  place  selected  for  the  dam  is  about  600  feet  above  Craigie's 
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bridge,  where  the  river  is  not  more  tbaD  1,100  feet  wide.  The 
details  of  this  structure  have  been  so  thoroughly  considered  that  we 
confidently  believe  that  it  will  answer  the  purposes  for  which  it  is 
de^ned»  the  maintenance  of  a  nearly  permanent  level  at  all  times, 
and  no  greater  interference  with  commerce  than  would  be  produced 
by  the  operation  of  a  drawbridge,  —  indeed,  not  so  much,  should 
the  drawbridge  happen  to  lie  on  the  line  of  a  railroad.  Pro- 
vigion  has  been  made  for  a  lock  in  the  dam  capable  of  receiving 
the  largest  vessels  used  upon  the  river ;  and  it  is  obvious  that  com- 
merce directed  to  the  upper  portions  of  the  stream  would  gain  much 
from  the  power  to  ascend  the  river  independently  of  the  rise  and  fall 
of  the  tide.  Vessels  which  might  have  occasion  to  be  moored  at  the 
wharves  on  the  river  above  tbe  dam  would  find  in  this  new  condition 
of  things  the  great  advantage  of  floating  at  all  times.  How  great 
this  gain  would  be  can  be  understood  when  it  is  stated  that  the  river 
bed  is  practically  exposed  at  the  United  States  Arsenal  at  Water- 
town  at  low  tide. 

Estimates  have  been  made  for  a  dam  to  be  100  feet  in  width,  and 

there  would  thus  be  provided  a  foundation  for  another  roadway  into 

the  city  of  Boston  from  East  Cambridge  and  the  country  beyond  of 

pernianent  character,  a  means  of  approach  to  the  city  likely  to  be  much 

Deeded  when  the  time  comes  for  the  reconstruction  of  Craigie's  bridge. 

The  landscape  architect  would  also  be  able  to  connect  this  structure 

witii  the  public  lands  on  both  banks  of  the  river  by  such  additional 

fillings  and  rounding  of  tbe  comers  as  would  materially  increase  the 

area  of  these  grounds  and  add  new  features  of  attraction. 

We  cannot  convince  ourselves  that  the  harbor  will  be  noticeably 

injured  by  the  loss  of  the  large  quantities  of  water  discharged  by  the 

outgoing  tide.     The  opinions  of  the  experts  who  have  from  time  to 

time  examined  the  harbor  have  in  recent  years  been  considerably 

modified,  possibly  in  view  of  the  unimpaired  value  of  the  harbor, 

notwithstanding  the  great  decrease  in  the  water  areas  of  the  Charles 

Biver  and  other  basins.     If  the  river  below  the  site  of  the  dam  is 

only  to  serve  the  purpose  of  conveying  the  waters  of  the  Charles  and 

Miller's  rivers  to  the  sea,  such  diminution  of  its  area  as  has  already 

taken  place  will  be  of  little  consequence,  for  a  smaller  channel  than 

the  present  would  be  sufficient  to  carry  all  that  the  Charles  River 

alone  could  ever  empty  into  it. 

The  more  certain  formation  of  ice  on  the  basin  created  by  the 
dam  ought  not,  in  the  absence  of  any  considerable  amount  of  winter 
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commerce  on  the  Charles,  to  be  any  thing  but  favorable  to  the  use  of 
this  stretch  of  several  miles  of  river  for  skating,  one  of  the  best  of 
winter  exercises  and  sports.  The  probable  more  ready  freezing  of 
the  channel  of  Boston  Harbor  below  the  dam  would  be  an  incon- 
venience if  the  constant  movement  of  tugs  and  ferry  boats  were  not 
quite  certain  to  break  up  the  ice  almost  as  soon  as  formed. 

The  fear  is  often  expressed  that  such  basins  as  this  may  become, 
by  reason  of  an  insufficient  current  and  the  accumulation  of  organic 
matter  in  them,  sources  of  nuisance  and  a  menace  to  the  public 
health.     The  statistics  contained  in  the  engineer's  report  show  that 
there  will  be  a  very  considerable  movement  of  this  sheet  of  water, 
and  with  the  improvement  in  the  quality  likely  to  follow  the  opera- 
tion of  the  new  metropolitan  sewer  but  little  danger  of  such  con- 
tamination of  the  water  or  such  accumulation  of  filth  on  the  bottom 
of  the  basin  as  could  produce  offensive  smells  or  conditions  dangerous 
to  health.     But  should  the  unexpected,  nevertheless,  happen,  the 
openings  in  the  dam  would  easily  allow  of  the  admission  of  such 
quantities  of  salt  water  as  would  keep  the  basin  in  a  perfectly  satis- 
factory condition  by  establishing  in  it  a  very  considerable  circulation 
at  each  tide.    We  are  fortunately,  however,  not  without  examples  of 
basins  quite  similar  to  this,  situated  also  in  the  midst  of  large  popu- 
lations, and  in  the  most  conspicuous  example,  the  world-renowned 
Alster  Basin,  the  water  park  of  the  city  of  Hamburg,  there  is  no 
means  of  introducing  any  water  beyond  that  flowing  in  the  compara- 
tively insignificant  Alster.     This  basin  is  very  shallow  and  has  a 
muddy  bottom,  but  is  surrounded  by  some  of  the  best  private  houses 
of  this  flourishing  and  wealthy  port,  and  the  water  surface  of  the 
basin  and  its  shores  constitute  the  most  frequented  places  of  resort 
in  the  city.     During  the  terrible  cholera  epidemic  of  1892,  when 
Hamburg  suffered,  as  few  European  cities  ever  have  suffered,  from 
this  pestilence,  the  wards  in  which  lie  the  Alster  Basins  showed  the 
lowe^?t  death  rates  in  the  city.     We  do  not  intend  to  say  that  cholera 
spreads  only  where  there  is  filth,  but  it  is  true  that  the  conditions 
among  which  it  finds  its  widest  extension  are  those  of  unsanitary 
surroundings. 

There  is  no  question  probably  in  the  mind  of  any  sanitary  observer 
that  a  river  of  moderately  pure  water  flowing  at  a  constant  level  be- 
tween clean  banks  is  much  to  be  preferred  to  a  similar  stream  which 
is  subject  to  a  rise  and  fall  of  many  feet  twice  in  the  twenty-four 
hours.     Streams  of  the  latter  description  constantly  deposit  upon 
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the  banks  the  material  floating  on  the  surface,  material  that  occa- 
sions little  offence  while  surrounded  and  saturated  with  water,  but 
rapidly  decays  when  exposed  to  the  sun  and  air  upon  the  shores  of 
the  river. 

Whatever  care  may  be  taken  of  the  Charles  Kiver  in  the  time  to 
come,  if  it  remain  an  estuary,  there  is  no  doubt  in  our  minds  that 
the  banks,  sloping  as  now  to  the  stream,  will  be  more  or  less  a 
nuisance;  dwellings  will,  so  far  as  possible,  not  be  erected  in  its 
neighborhood,  or,  if  they  are  built  here,  will  be  of  the  sort  which 
are  compelled  to  seek  undesirable,  consequently  cheap,  land./  A 
population  will  be  established  here  which  will  resist  most  obstinately 
and  naturally  the  destruction  of  their  homes,  and  one  more,  and  per- 
haps the  greatest,  opportunity  to  permanently  improve  the  incom- 
parable situation  of  Boston  and  its  suburbs  will  have  passed  away. 

In  order  to  protect  the  low-lying  portions  of  the  territory  within 
the  valley  of  this  portion  of  the  Charles  River,  it  has  seemed  advis- 
able to  us  to  make  the  permanent  level  in  this  basin  somewhat  lower 
than  that  of  ordinary  high  tides.  The  level  which  seems  most 
advantageous  is  that  of  two  feet  and  six  inches  below  such  tides. 
It  is  well  known  that  exceptionally  high  tides  have  done  much  injury 
throughout  the  estuary  of  the  river,  both  by  flooding  and  by  inter- 
ference with  sewers,  and  we  may  reasonably  expect  that  still  more 
will  be  occasioned  on  account  of  the  increased  occupation  of  these 
low  lands  whenever  we  again  have  such  tides  as  that  which  occurred 
at  the  time  of  the  destruction  of  the  Minors  Ledge  light-house  in 
1851,  or,  indeed,  tides  of  much  lower  height.  The  forlorn  marshes 
that  now  border  upon  the  river  would  become,  without  the  expendi- 
ture on  them  of  a  dollar,  fertile  meadows,  scarcely  needing  treatment 
to  become  attractive  places  for  recreation ;  and  capable,  with  treat- 
ment, of  becoming  scenes  of  great  beauty,  as  the  designs  of  the 
landscape  architects  so  clearly  show.  Some  solicitude  has,  in  recent 
years,  been  manifested  in  regard  to  the  preservation  of  the  piles  upon 
which  are  placed  the  foundations  of  so  many  valuable  buildings  in  the 
Back  Bay  district  of  Boston.  The  maintenance  of  a  basin  at  a  con- 
stant level  considerably  above  that  at  which,  by  city  ordinance,  these 
piles  are  cut  off  will  probably  increase  the  security  of  such  substruct- 
ures. We  believe  that  the  amount  of  organic  or  putrescible  material 
at  present  deposited  on  the  banks  and  bed  of  the  river  need  not  pre- 
sent any  serious  obstacle  to  the  carrying  out  of  this  plan.  The 
completion  of  the  whole  design  will  be  a  matter  of  years,  the  addi- 
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tion  of  the  most  serious  kind  of  pollution,  sewage,  will  cease, 
probably,  in  the  course  of  a  year,  the  narrowing  of  the  stream  in  the 
present  basin  is  rapidly  going  on,  with  consequent  dimunition  of 
deposit,  and  whatever  remains  after  this  will  be  profitably  removed 
to  the  banks  of  the  stream  for  such  fillings  as  may  be  necessary  to 
prepare  the  river  for  its  new  functions. 

Whatever  plan  is  adopted  for  the  future  treatment  of  the  river,  it 
seems  to  us  essential  that  all  the  lands  indicated  on  the  plan  pre- 
sented by  the  landscape  architects  should  be  at  once  acquired.  The 
mere  fact  that  it  was  public  property  would  alone,  we  think,  improve 
the  value  of  all  the  adjoining  lands  to  such  an  extent  as  to  make  the 
purchase  a  wise  business  transaction. 

The  lowering  of  the  grade  of  the  water  in  the  proposed  basin  below 
high  tide  would  help  the  city  of  Cambridge  to  an  easier  solution  of  a 
question  which  will  sooner  or  later  require  the  expenditure  of  large 
sums  of  money.  The  freight  line  of  the  Boston  &  Albany  Railroad 
to  East  Boston  now  crosses  all  the  main  roads  leading  from  Cam- 
bridge to  Boston.  A  separation  of  grades,  when  this  becomes 
necessary,  will  be  very  expensive ;  depressing  the  railroad  tracks  to 
such  an  extent  as  to  allow  the  streets  to  remain  unchanged  is  impos- 
sible ;  the  present  grade  of  the  railroad  crossing  on  Main  Street, 
Cambridgeport,  is  about  six  feet  above  ordinary  high  tide.  When 
the  water  level  in  this  basin  is  reduced  by  two  feet  and  a  half  it  is 
clear  that  a  lowering  of  the  tracks  can  then  be  made,  which  will  very 
materially  reduce  the  cost  of  elevating  the  half  dozen  or  more  much 
travelled  avenues  now  crossing  the  railroad  at  grade. 

We  now  call  your  attention  to  the  plan  proposed  by  the  landscape 
architects  (page  36  of  this  report).  Your  board  has  not  thought  it 
advisable,  at  the  present  time,  to  recommend  any  additional  taking 
of  land  on  the  Cambridge  side  of  the  river  below  West  Boston  bridge. 
Cambridge  has  recently  acquired  an  extensive  water  front  between 
West  Boston  and  Craigie's  bridges  for  park  purposes,  but  the  remain- 
ing portions  of  this  frontage  are  occupied  for  commercial  uses,  and 
have  quite  recently  been  improved  by  the  expenditure  of  large  sums 
of  money.  The  consequent  enhancement  of  value  leads  us  not  to 
approve  of  this  recommendation  of  our  landscape  architects,  the 
more  especially  as  the  strip  of  land  taken  by  the  city  of  Cambridge 
does  not  appear  to  have  been  acquired  with  the  intention  of  making 
it  a  portion  of  a  continuous  parkway. 

By  chapter  435  of  the  Acts  of  1893  permission  has  already  been 
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given  to  the  city  of  Boston  to  construct  on  her  side  of  the  Charles 
River,  beginning  at  West  Boston  bridge  and  ending  at  the  Back  Bay 
Fens,  an  embankment  of  a  width  not  to  exceed,  in  the  rear  of  Beacon 
Street,  one  hundred  feet,  but  subject  to  the  condition  that  the  filling 
thus  made  '*  shall  not  be  used  for  building  purposes,  or  for  any 
other  purpose  than  for  ornamental  grounds  and  a  parkway." 

The  description  in  this  act  of  the  line  to  be  followed  in  making 
the  filling  of  the  first  section  of  the  proposed  embankment,  that  from 
West  Boston  bridge  to  the  rear  of  Beacon  Street,  provides  a  broader 
margin  than  seems  to  us  necessary  on  this  side  of  the  basin.     We 
propose  that  so  much  of  the  act  as  relates  to  the  filling  on  the  east- 
erly side  of  the  basin  and  in  continuation  of  the  Charlesbank  be  so 
amended  that  the  filling  authorized  shall  not  exceed  150  feet  until 
the  intersection  with  a  line  perpendicular  to  the  harbor  line  at  the 
southerly  line  of  Mt.  Vernon  Street ;  thence  continuing  southerly 
and  westerly  on  a  curved  line  to  the  embankment  in  the  rear  of 
Beacon  Street,  to  be  hereafter  described. 

It  may  fairly  be  inferred  from  a  careful  examination  of  Plates 
Vlli.  and  IX.  that  the  owners  of  estates  on  the  north  side  of  Beacon 
Street  west  of  Otter  Street  have  no  very  great  interest  in  the  appear- 
ance of  their  houses  and  outbuildings  as  seen  from  the  basin  or 
the  bridges  crossing  it.     Whether  this  new  basin  will  be  attractive 
enough  to  induce  the  owners  of  these  properties  to  so  far  change 
the  external  appearances  of  their  houses  as  to  make  them  worthy 
adjuncts  to  the  superb  location  offered  to  them  is  a  question  which 
we  find  it  difficult  to  answer.    And  yet  upon  the  answer  to  this  ques- 
tion really  depends  the  solution  of  one  of  the  most  serious  problems 
in  connection  with  the  improvement  of  the  basin.     We  believe  that 
this  water  park,  if  formed  in  accordance  with  the  plans  submitted, 
deserves  surroundings  of  a  character  equally  dignified  and  attractive 
with  itself. 
Two  views  of  the  problem  present  themselves  to  us  :  — 
First,    To  advise  the  filling,  to  the  north  of  the  passageway  in 
rear  of  Beacon  Street,  of  a  wider  strip  than  that  of  100  feet  now 
authorized  by  chapter  435  of  the  acts  of  1893,  but  not  to  exceed 
150  feet ;  in  the  expectation  that  gradually  the  hoped-for  improve- 
ment in  the  abutting  estates  will  be  effected. 

Second,  To  recommend  the  construction  of  a  wider  embankment 
than  that  provided  for  by  existing  legislation,  in  order  that  a  portion 
of  the  land  so  filled  may  be  prepared  for  building  sites. 
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After  due  deliberation  we  have  concluded  to  present  a  plan  for 
your  consideration  in  accordance  with  the  second  view  above  stated. 

It  does  not  seem  probable  to  us  that  the  houses  now  standing  on 
Beacon  Street  below  Otter  Street  are  likely  to  be  adapted  to  the 
surroundings  of  the  new  basin ;  the  large  sums  of  money  already 
spent  upon  their  Beacon  Street  fronts  would  seem  to  preclude  the 
change ;  moreover,  these  fronts  to  the  south  have  always  commanded 
higher  prices  than  similar  lots  on  the  opposite  side  of  the  street,  and 
the  preference  will  undoubtedly  be  maintained.  But  it  does  seem 
to  us  essential  that  the  houses  situated  on  the  borders  of  the  basin 
should  also  front  upon  it,  not  only  for  the  adornment  of  the  basin, 
but  also  for  the  benefit  that  would  accrue  to  it  from  the  better  polic- 
ing and  care  which  all  public  grounds  receive  when  the  neighboring 
householders  walk  through  them  habitually,  or  constantly  have  them 
under  view.  The  back  alley  which  now  runs  along  the  border  of 
Charles  River  in  the  rear  of  Beacon  Street  would  undoubtedly  be 
well  kept  and  inviting,  where  it  is  now  neglected  and  repulsive,  if 
the  owners  of  the  adjacent  properties  ever  themselves  made  use  of  it. 

The  sale  of  the  land  prepared  for  building  sites,  if  carried  on  as 
successfully  as  such  transactions  have  hitherto  been  by  the  Common- 
wealth, would  yield  a  large  sum  of  money  to  be  devoted  to  the 
repayment  of  the  expenses  of  improvements  herein  recommended. 

We,  therefore,  propose  that,  instead  of  a  strip  of  ornamental 
ground  in  the  rear  of  Beacon  Street  of  a  width  not  to  exceed  100 
feet,  provision  be  made  by  which  the  Board  of  Harbor  and  Land 
Commissioners  may  be  authorized  to  cause  to  be  filled  a  space  to  the 
north  of  the  present  wall  in  the  rear  of  Beacon  Street  not  to  ex- 
ceed 300  feet  in  distance  therefrom  and  extending  in  a  line  parallel 
therewith  to  the  westerly  line  of  the  Back  Bay  Fens.  One  hundred 
and  twenty  feet  in  width  of  this,  immediately  to  the  north  of  the 
existing  alleyway,  to  be  filled  to  a  grade  proper  for  house  lots,  so 
much  thereof  as  may  be  needed  for  streets  and  public  open  spaces 
to  be  reserved  and  the  remainder  to  be  sold.  The  money  received 
therefor  to  constitute  a  fund,  from  which  shall  l)e  defrayed  the  cost 
of  building  the  dam,  making  the  necessary  fillings,  and  of  such 
other  expenses  as  may  result  from  carrying  out  the  plan  of  improve- 
ments herewith  submitted.  The  remaining  strip  of  180  feet  in 
breadth  to  be  prepared  in  accordance  with  designs  to  be  furnished 
by  the  Board  of  Park  Commissioners,  and  to  be  used  only  for  park- 
ways and  ornamental  grounds. 
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It  will  be  noticed  that  we  recommend  a  somewhat  wider  strip  in 
the  rear  of  Beacon  Street  between  the  building  line  and  the  water 
than  is  designated  on  the  plan  of  the  landscape  architects.  We  do 
so  for  the  purpose  of  having  a  wider  belt  of  trees  and  shrubs  than 
has  been  thought  by  them  to  be  necessary.  Though  the  rapidly 
approaching  use  of  the  opposite  Cambridge  shore  for  building  pur- 
poses will  have  a  tendency  to  break  the  force  of  strong  winds  from  the 
northwest',  it  is  desirable  to  have  a  plantation,  if  only  of  shrubs  and 
small  trees,  to  still  further  diminish  their  force.  The  shore  line  of  the 
basin  above  the  Back  Bay  ITens  and  up  to  the  Cottage  Farm  bridge 
on  the  Boston  side  of  the  river  should  also,  in  our  opinion,  be  moved 
to  the  north.  Whether  the  additional  territory  so  gained  should  be 
used  partly  for  new  building  sites  or  for  purely  ornamental  grounds 
has  been  a  subject  of  some  difference  of  opinion  between  your  com- 
mission and  the  landscape  architects.  The  latter  advise  the  creation 
of  new  building  lots  in  addition  to  the  ornamental  grounds.  We 
think  that  it  is  not  advisable  to  narrow  the  stream  at  this  point  fur- 
ther than  may  be  necessary  for  procuring  the  ornamental  grounds 
alone.  Oar  recommendation  is  that  the  harbor  line  be  removed  to 
the  north  a  distance  of  150  feet,  from  the  Back  Bay  Fens  to  the  new 
bridge  drawn  upon  the  plan,  and  above  this  bridge  gradually  narrow- 
ing till  it  reaches  a  width  of  50  feet  at  the  Cottage  Farm  bridge ; 
that  this  new  territory  be  connected  with  the  filling  in  the  rear  of 
Beacon  Street  by  appropriate  curves,  and  be  prepared  for  park  uses 
by  the  Harbor  and  Land  Commissioners  in  accordance  with  plans 
prepared  by  the  Park  Commissioners. 

With  the  exceptions  thus  noted  we  are  in  cordial  agreement  with 
the  recommendations  of  the  landscape  architects,  whose  advice  we 
have  sought,  and  therefore  urge  the  prompt  acquisition  of  all  the 
lands  indicated  upon  their  plan,  by  means  of  legislation  similar  to 
that  already  employed  by  the  Metropolitan  Park  Commissioners 
under  authority  of  chapter  407  of  Acts  of  1893. 

We  are  aware  that  some  of  the  changes  which  have  been  advised 
by  us  may  meet  with  much  opposition  from  those  who  have  interests 
in  the  houses  on  the  northern  side  of  Beacon  Street  below  Otter 
Street.  We  have,  therefore,  endeavored  to  ascertain  whether  this 
situation  had  a  value  that  could  be  measured  by  the  valuations  on 
the  books  of  the  assessors  of  the  city.  A  result  of  the  comparison 
of  relative  values  on  three  of  the  principal  residential  streets  of  the 
Back  Bay  is  here  given. 
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Assessed  Value  of  Land  on  Back  Bay  Streets^  eocduding  Comer  Lots. 


Arlington  St.  to  Berkeley  St., 
Arlington  St.  to  Berkeley  St., 
Arlington  St.  to  Berkeley  St., 
Daitmouth  St.  to  Exeter  St., 
Dartmouth  St.  to  Exeter  St , 
Dartmouth  St.  to  Exeter  St., 


Commonwealth  Ave., 
Marlborough  St., 
Beacon  St., . 
Commonwealth   Ave., 
Marlborough  St., 
Beacon  St., . 


1 
16  58 

$8  36 

4  45 

4  75 

5  00 

5  75 

6  03 

8  03 

4  05 

4  46 

4  48 

5  50 

130 
107 
116 
133 
110 
120 


It  appears  from  this  table  that  the  difference  in  values,  excluding 
corner  lots,  between  the  two  sides  of  these  three  streets,  respec- 
tively, while  somewhat  greater  on  Beacon  Street  than  on  Marlboroagh 
Street,  is  much  less  on  Beacon  Street  than  on  Commonwealth  Avenue. 
The  Beacon  Street  lots  are  deeper  than  those  on  Commonwealth 
Avenue,  and,  perhaps,  have  a  somewhat  smaller  value  per  square 
foot  on  this  account  than  they  would  otherwise  have,  notwithstand- 
ing the  fact  that  the  owners  of  houses  on  the  north  side  of  Beacon 
Street  are  enabled  to  have  stables  on  their  own  lots.  When  we 
consider  the  hardships  that  may  appear  to  be  inflicted  upon  owners 
of  property  on  the  water  side  of  Beacon  Street,  who  will  lose  the 
views  over  the  river  and  the  direct  action  of  the  breezes  from  over 
the  water  surfaces,  we  have  also  to  remember  the  many  thousands 
who  will  enjoy  this  breathing  place  and  the  attractive  shores  during 
the  four  months  or  more  when  the  houses  on  Beacon  Street  are 
deserted  by  their  owners. 

What  the  value  of  the  land  to  be  created  by  this  improvement 
would  be  we  do  not  venture  to  estimate ;  opinions  of  those  familiar 
with  such  matters  vary  widely;  one  or  two  persons  have  even 
asserted  that  the  land  would  have  no  value  above  the  cost  of  the 
filling ;  but,  inasmuch  as  the  city  of  Boston  already  has  under  con- 
sideration the  making  of  an  embankment,  as  provided  for  by  chapter 
435  of  the  Acts  of  1893,  we  have  only  to  estimate  the  expense  of 
filling  a  strip  120  feet  wide.  This  admits  of  accurate  calculation, 
and  could  be  done  for  less  than  fifty  cents  a  square  foot.  Whether 
the  new  land  would  have  a  greater  value  than  this  is  a  question 
which  all  would  answer,  we  think,  in  the  affirmative. 

The  lowest  value  of  the  new  land,  estimated  by  those  who  have 
attached  any  value  to  it,  is  sufficient  to  cover  all  the  expenses  of  the 
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dam  and  the  making  of  the  land.  If  some  of  the  higher  estimates 
were  taken  it  might  safely  be  assumed  that  all  the  land  which  is 
included  in  the  taking  recommended  for  metropolitan  park  purposes 
could  be  procured  without  inflicting  any  burden  upon  the  metropolitan 
district. 

Mayor  Mathews,  in  an  inaugural  address  delivered  in  the  year 
1891,  before  the  city  council  of  Boston,  used  the  following  words  :  — 

We  have  in  this  basin  the  opportunity  for  making  the  finest  water  park 
in  any  city  in  the  country;  an  opportunity  which  should  be  grasped  before 
it  is  too  late. 

The  eventual  solution  of  this  whole  problem  should,  I  think,  be  an  imita- 
tion of  the  plan  adopted  by  the  city  of  Hamburg,  under  similar  circam- 
stances.  We  should  dam  up  the  stream  at  the  narrowest  point  between 
Charlestown  and  Boston,  and  lay  out  a  series  of  parks  and  boulevards 
along  the  basin  thus  created. 

• 

We  have  incorporated  in  this  report  copies  of  photographs  show- 
ing various  aspects  of  the  Alster  Basin  in  Hamburg.  They  tell  their 
story  so  effectively  that  minute  description  is  hardly  needed.  Ham- 
burg lies  on  the  east  bank  of  the  Elbe,  at  a  distance  of  seventy  miles 
from  the  German  Ocean,  and  is  the  most  important  commercial  city 
of  the  German  Empire.  The  population  of  the  city  and  suburbs 
exceeds  600,000.  The  climate  is  harsh  and  fully  as  much  exposed 
to  cold  and  disagreeable  winds  as  Boston  is.  The  thermometer  does 
not  indicate  so  low  degrees  of  temperature,  but  the  difference  be- 
tween the  two  cities  in  this  regard  is  not  very  great.  In  former 
times  the  Alster  was  a  small  stream  flowing  through  the  centre  of  the 
city  and  entering  the  Elbe  at  right  angles  to  the  latter's  course.  At 
the  entrance  of  the  Alster  into  the  Elbe  an  estuary  was  formed  which 
sheltered  the  small  vessels  engaged  in  the  commerce  of  those  days. 

With  the  growth  of  the  city  larger  and  more  convenient  docks 
were  formed  on  the  Elbe ;  and  the  formation  of  the  Alster  Basin 
was  begun  at  a  point  about  a  mile  distant  from  the  entrance  of  the 
Alster  into  the  Elbe  ;  dams  across  the  stream  were  constructed  with 
suitable  contrivances  for  the  passage  of  mastless  vessels. 

Constant  improvements  have  been  going  on  in  this  water  park, 
some  the  results  of  the  needs  of  a  growing  city  and  some  from  efforts 
to  increase  the  attractions  of  the  basin  and  its  borders.  There  are 
two  basins,  an  upper  and  a  lower,  separated  by  the  bridge  shown  in 
Plate  No.  III. 
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The  views  Nos.  I.  and  H.  present  scenes  upon  the  lower  basin. 
About  this  are  ranged  some  of  the  finest  of  the  private  houses,  the 
principal  hotels,  and  such  shops  as  are  usually  found  in  the  better 
quarters  of  a  city. 

Plate  IV.  is  a  view  across  a  portion  of  the  upper  basin,  looking 
into  the  city  and  towards  the  bridge  which  separates  the  two  basins. 
It  will  be  noticed  that  the  lower  water  park  is  treated  in  a  formal 
way  with  walls,  straight  lines  of  street,  and  rows  of  trees ;  in  the 
upper  basin  walls  are  replaced  by  beaches ;  the  shore  lines  no  longer 
run  parallel  to  the  streets,  and  the  trees  and  shrubbery  are  grouped 
in  effective  masses.  At  points  more  distant  from  the  city  and  on  the 
upper  reaches  of  the  river,  very  little  attempt  has  been  made  to  im- 
prove the  naturally  pleasing  variation  of  banks  but  slightly  elevated 
above  the  stream  and  verdant  meadows  interspersed  with  trees, 
shrubbery  and  gardens. 

We  desire  to  call  attention  to  the  evidences  of  appreciation  of  all 
those  charms  shown  by  the  life  everywhere  manifest,  —  the  little 
steamer  makes  its  rounds  from  one  point  to  another  on  the  water 
park ;  row-boats  are  plenty,  and  when  some  much-frequented  place 
of  resort  on  the  stream  is  reached,  as  shown  in  Plate  V.,  the  popular 
enjoyment  of  it  all  should  convince  this  community  that  much  labor 
and  expense  could  be  profitably  invested  in  procuring  for  the  metro- 
politan district  the  opportunity  for  the  same  innocent  enjoyments. 
We  have  a  framework  for  such  scenes  far  superior  to  that  possessed 
by  Hamburg,  and  the  expense  of  preparation  is  not  excessive. 

That  all  this  out-door  life  is  not  peculiar  to  the  German  nation  is 
well  shown  by  the  illustration  Plate  VI.  (from  report  of  Metropoli- 
tan Park  Commissioners,  1893),  of  boating  on  the  Thames.  Nothing 
of  all  this  has  hitherto  been  possible  in  the  estuary  of  the  Charles, 
although  some  suggestion  of  the  possibilities  in  this  direction  may 
be  obtained  from  the  rapidly  growing  use  of  the  comparatively  in- 
I  accessible  fresh-water  basin  farther  up  the  stream  extending  from 

i  Waltham  to  Riverside.     The  repulsive  appearance  of  the  shores  of 

the  estuary  at  the  lower  stages  of  tide,  the  foul  odors  along  its  banks 
I  and  flats,  and  the  difficulties  experienced  in  passing  under  the  low 

bridges  at  high  tide,  have  combined  to  make  boating  and  the  use  of 
the  stream  by  small   steamboats  unattractive  and,   in  a  measure, 
1  dangerous. 

i  In  conclusion,  your  board  feels  that  no  treatment  of  the  Charles 

I  River  can  be  entirely  satisfactory  which  does  not  regard  the  condition 
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of  the  river  above  and  in  Waltham.  At  the  boundary  of  that  city, 
by  the  terms  of  the  act  under  which  we  are  directed  to  make  our 
investigation  and  report,  our  labors  end. 

We  have  not  thought  that  it  was  necessary  to  submit  herewith  the 
drafts  of  such  legislation  as  might  seem  to  be  required  for  carrying 
oat  our  recommendations.  We  are  aware  that  the  very  serious 
changes  proposed  require  the  co-operation  of  the  United  States,  the 
State  and  various  municipalities.  But  the  questions  only  differ  in 
degree  from  some  which  have  already  been  satisfactorily  determined 
by  existing  commissions  whose  organizations  are  sufSciently  com- 
plete to  enable  them  to  promptly  undertake  the  execution  of  so 
much  of  these  plans  as  it  may  seem  wise  to  the  Commonwealth  to 
enter  upon. 

HENRY  P.  WALCOTT, 

Chairman. 

PHILIP  A.  CHASE, 
WILLIAM   B.  DE  LAS  CASAS, 
ABRAHAM   L.  RICHARDS, 

Board  of  Metropolitan  Park  Commissioners. 

HIRAM   F.  MILLS, 
FRANK  W.  DRAPER, 
JOSEPH  W.  HASTINGS, 
GERARD   C.  TOBEY, 
JAMES  W.  HULL, 
CHARLES   H.  PORTER, 

State  Board  of  Health. 
B06TOX,  Mam.,  April  27,  1894. 
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WATER   SUPPLY  AND  SEWERAGE.* 


[Beport  required  by  tbe  provisions  of  chapter  875  of  the  Acts  of 
1888,  entitled  **An  Act  to  protect  the  purity  of  Inland  waters, 
and  to  require  consultation  with  the  State  Board  of  Health 
regarding  the  establishment  of  systems  of  water  supply,  drain- 
age and  sewerage."] 

The  following  report  contains  the  substance  of  the  replies 
made  by  the  Board  to  those  cities,  towns,  corporations  and 
indiyiduals  which  have  applied  to  the  Board  for  its  advice 
relative  to  systems  of  water  supply,  drainage  and  sewerage, 
under  the  provisions  of  chapter  375  of  the  Acts  of  1888.  It 
also  includes  a  summary  of  the  work  done  by  the  Board  in 
connection  with  the  examination  of  water  supplies  and  rivers, 
and  the  purification  of  sewage. 

The  chemical  and  microscopical  analyses  of  the  water 
supplies  and  rivers  of  the  State  have  \)een  continued  during 
the  year  1894 ,  2,006  samples  having  been  examined.  The 
number  of  examinations  of  waters  proposed  for  new  supplies 
of  cities  and  towns  is  constantly  on  the  increase,  the  analyses 
of  this  character  being  more  numerous  during  the  past  year 
than  ever  before.  Following  is  a  classified  list  of  the  waters 
examined  during  the  year :  — 

From  open  tnd  corered  reserroln  for  the  storage  of  ground  waterf ,     •  29 

Fnnn  >m>iiiid-water  supplies, 384 

Special  investigations  of  regular  water  supplies  aflbcted  by  tastes,  odors, 

etc 23 

From  pondi  and  storage  resenroirs  and  their  inlets,         ....  7'i5 

Fron  stRams  and  misoellaneons  sources, 63 

Total  from  regular  water  supplies,  .       ....••  .  1,254 

In  omiKction  with  investigations  of  new  sources  of  water  supply, .       .  3r)8 

WlthiefaenceiDpoUntion  of  streams, 107 

'With  xefeieiKe  to  sewage  purification  at  Framingham,  Marlborough, 

Gudner.Medfield  and  Amherst, I.'i2 

In  eoniMctkyD  with  a  study  of  deep  wells  in  Boston  and  Tidnity,    .       •  fiO 

In  connectkm  with  the  study  of  epidemics,       ......  7 

MisceUucoBs, 78 

752 

Total, 2,006 

*  Tbe  flnt  pifM  of  thU  report  were  oonUlned  in  a  report  mtide  to  the  Lefdalatiire  Jan. 
]0«  1895  (Seiutt  I>De«Bfnt,  Xo.  46).  A  portion  of  the  report  then  made,  relatloff  to  the 
work  done  at  tb»  Lavrniee  Kxperlment  Statlnn,  is  not  reprodnced,  becanae  a  m^re  completa 
acoooal  of  tbe  work  done  at  this  plaee  will  be  found  in  a  aubaequeDt  part  of  thJa  volume. 
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The  microscopical  analyses  of  the  waters  have  added  to 
oar  information  of  the  organisms  occurring  in  surface  waters, 
and  work  has  also  been  continued  on  the  connection  between 
the  taste  and  odors  of  waters  and  the  organisms  which  they 
contain. 

In  previous  reports  of  the  Board  repeated  mention  has 
been  made  of  the  occurrence  of  iron  in  many  ground  waters 
in  excess  of  the  amount  which  can  be  held  in  solution  after 
the  water  has  been  exposed  to  the  air.  Owing  to  the  pro- 
longed period  of  low  rainfall,  these  occurrences  of  excessive 
amounts  of  iron  in  ground  waters  have  been  more  frequent, 
and  some  surface  waters,  also,  have  been  found  to  contain 
an  unusual  amount  of  iron.  Iron-containing  ground  waters 
have,  in  some  localities  in  this  country,  been  successfully 
treated  by  aeration  and  filtration,  and  the  iron  by  this  means 
nearly  or  completely  removed.  Such  methods  are,  however, 
only  practicable  where  the  iron  exists  as  carbonate.  When 
the  iron  is  in  the  form  of  sulphate  or  where  the  water  con- 
tains much  organic  matter,  the  complete  removal  of  the  iron, 
without  chemical  treatment,  has  been  found  to  be  a  matter 
of  much  greater  difficulty. 

During  the  past  year  there  have  been  analyzed  waters  from 
many  deep  wells  in  Boston  and  vicinity.  These  wells  vary 
from  one  hundred  to  over  six  hundred  feet  in  depth,  and  are 
mostly  private  property,  the  water  being  used  in  many  indus- 
trial operations.  The  water  from  these  wells  is  generally 
characterized  by  the  presence  of  much  mineral  matter,  and,  as 
a  i-ule,  by  little  organic  matter.  Many  of  these  waters  show 
the  influence  of  surface  drainage  and  of  high  sewage  pollu- 
tion. The  purification  has  been  in  most  cases,  however,  very 
nearly  complete,  as  fur  as  organic  contamination  is  concerned. 
Many  of  them  show  direct  contamination  with  sea  water  by 
their  high  contents  of  salt.  In  addition  to  the  usual  sanitary 
examination  of  these  deep  well  waters,  the  principal  mineral 
ingredients  have  also  been  determined.  These  very  com- 
plete analyses  are  of  great  interest,  not  only  from  a  sanitary 
point  of  view,  but  also  from  the  stand-point  of  the  industrial 
uses  of  these  waters,  and  further  of  their  relations  to  the 
geological  strata  in  which  they  occur. 
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The  analyses  of  the  sewage  and  effluents  from  the  various 
sewage  fields  throughout  the  State  have  been  continued  dur- 
ing the  past  year,  and  additional  information  obtained  as  to 
the  continued  efficiency  of  these  fields. 

During  the  present  year  it  is  intended  to  make  an  extended 
study  of  the  nature  of  the  coloring  matter  in  surface  waters 
by  means  of  an  instrument  which  enables  us  to  analyze  the 
color.  It  is  hoped  that,  apart  from  the  scientific  results  of 
this  examination,  we  may  obtain  valuable  information  as  to 
the  relation  between  the  colors  of  waters  and  the  character 
of  the  organisms  which  this  organic  coloring  matter  can 
support. 
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Under  the  provisions  of  chapter  375  of  the  Acts  of  1888, 
entitled  '*  An  Act  to  protect  the  purity  of  inland  waters, 
and  to  require  consultation  with  the  State  Board  of  Health 
regarding  the  establishment  of  systems  of  water  supply, 
drainage  and  sewerage,"  the  Board  is  required  **  from  time 
to  time  to  consult  with  and  advise  the  authorities  of  cities 
and  townsy  or  with  corporations^  finns  or  individuals  either 
already  having  or  intending  to  introduce  systems  of  water 
supply^  drainage  or  sewerage^  as  to  the  most  appropriate 
source  of  supply ^  the  best  practicable  method  of  assuring  the 
purity  thej'eof  or  of  disposing  of  their  drainage  or  sewage^ 
having  regard  to  the  present  and  prospective  needs  and  in- 
terests  of  other  cities^  towns,  corporations,  firms  or  individuals 
which  may  be  affected  thereby.  It  shall  also  from  time  to 
time  consult  with  and  advise  persons  or  corporations  engaged 
or  intending  to  engage  in  any  manufacturing  or  other  busi- 
ness, drainage  or  sewage  from  which  may  tend  to  cause  the 
pollution  of  any  inland  water,  as  to  the  best  practicable 
method  of  preventing  such  pollution  by  the  interception, 
disposal  or  purification  of  such  drainage  or  sewage  :  provided, 
that  no  person  shall  be  compelled  to  bear  the  expense  of 
such  consultation  or  advice,  or  of  experiments  made  for  the 
purposes   of  this  act.     All  such   authorities,  corporations. 
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firms  and  individuals  are  hereby  required  to  give  notice  to 
said  Board  of  their  intentions  in  the  premises^  and  to  submit 
for  its  advice  outlines  of  their  proposed  plans  or  schemes  in 
relation  to  water  supply  and  disposal  of  drainage  and  seioage; 
and  all  petitions  to  the  Legislature  for  authority  to  introduce 
a  system  of  water  supply^  drainage  or  sewerage  shall  be 
accompanied  by  a  copy  of  the  recommendation  and  advice  of 
the  said  Board  thereon,^^ 

During  the  year  1894  the  Board  has  given  its  advice  to 
the  following  cities,  towns,  corporations  and  individuals  who 
have  applied  for  such  advice  under  the  provisions  of  the 
general  act  of  1888,  or  under  special  acts  relating  to  water 
supply  and  sewerage. 

Replies  were  made  during  the  year  to  applications  made 
from  the  following  sources  for  advice  relative  to  water  sup- 
ply: Arlington,  Barre,  Belchertown,  Blackstone,  Brockton, 
Brookfield,  Dudley,  Gloucester,  Greenfield,  Hingham  and 
Hull,  Holyoke,  Hyde  Park  school  committee  (two  replies), 
Hyde  Park  Water  Company,  Ipswich,  Longmeadow,  Mil- 
ford,  Milton,  Monson,  New  Bedford,  Newburyport  (city), 
Newburyport  Water  Company,  North  Attleborough,  Norton, 
Quincy,  Swampscott,  Wareham  (Onset  Bay  Water  Com- 
pany), Watertown,  Westborough  Lunatic  Hospital,  West*- 
port  (Water  Supply  of  Horse  Neck  Beach)  and  Winchendon 
(four  replies). 

Replies  relating  to  sewerage  and  sewage  disposal  were 
made,  in  answer  to  applications  from  the  following  sources : 
Andover,  Concord,  Haverhill,  Hudson,  Milton,  Nantucket, 
North  Andover  and  Palmer. 

Replies  were  also  made  during  the  year  relative  to  the 
subject  of  pollution  of  streams  and  water  supplies,  to  certain 
authorities  and  other  parties  in  the  following  towns :  To  H, 
B.  Cottle,  Esq.,  of  Brookfield,  in  regard  to  the  discharge  of 
sewage  by  the  town  of  Spencer  into  the  Quaboag  River ;  to 
the  selectmen  of  Deerfield  relative  to  the  pollution  of  the 
Green  River  by  the  town  of  Greenfield ;  to  the  water  board 
of  Rockpoii;  relative  to  the  pollution  of  Cape  Pond  by  a  glue 
factory  on  its  water-shed  ;  and  to  citizens  of  Worcester  rela- 
tive to  the  protection  of  one  of  the  reservoirs  from  pollution. 
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Water  Supply. 

The  following  is  the  substance  of  the  action  of  the  Board 
in  reply  to  applications  for  advice  relating  to  water  supply :  — 

Arlington.  An  application  was  received  from  the  com- 
mittee on  water  supply  of  Arlington,  April  27,  1894,  stating 
that  the  committee  had  continued  their  investigations,  as 
previously  suggested  by  the  Board,  and  at  the  same  time 
asking  the  advice  of  the  Board  relative  to  the  same.  The 
Board  replied  as  follows :  — 

Mat  26,  18M. 

The  State  Board  of  Health  received  from  you  an  application 
dated  April  26,  1894,  stating  that  since  the  r^ply  made  by  this 
Board  to  you  on  Feb.  10,  1893,  you  had  continued  your  investiga- 
tions, and  that  you  now  asked  if,  in  view  of  the  additional  infor- 
mation which  you  had  obtained,  the  Board  had  any  additional 
advice  to  give  you.  Your  application  was  accompanied  by  two 
printed  reports  of  your  committee  to  the  town  of  Arlington,  one 
dated  Feb.  21,  1893,  and  the  other  Feb,  26,  1894.  The  first  of 
these  reports  contains  the  reply  of  the  Board  above  referred  to, 
and  the  other  the  results  of  subsequent  investigations. 

By  tests  of  the  ground  at  various  points  within  the  water-shed 

from  which  the  present  supply  of  the  town  is  derived,  you  have 

fonnd  no  place  likely  to  furnish  as  good  a  supply  of  water  as  the 

source  tested  last  year,  on  the  border  of  the  Great  Meadows  near 

the  East  Lexington  railroad  station.     At  this  place  you  have 

driven  a  few  additional  wells,  and  have  made  tests  to  determine 

the  capacity  of  the  source  by  connecting  the  wells  together  and 

pnmping  from  them  from  Dec.  1  to  Dec.  29,  1893,  at  an  average 

rate  of  about  500,000  gallons  per  day.     During  this  test  you  sent 

three  samples  of  water  to  this  Board  for  analysis.    The  samples 

^ere  collected  on  Dec.  14,  19  and  27,  1893.    The  analyses  gave 

substantially  the  same  indications  as  those  made  a  year  before,  and, 

like  them,  they  showed  a  perceptible  deterioration  in  the  quality 

of  the  water  daring  the  progress  of  the  test.     The  quality  of  the 

water  at  the  time  of  the  test  was  such  that  it  would  be  satisfactory 

for  all  water  sapply  purposes,  but  there  is  reason  to  think  that  it 

w^ill  deteriorate  if  a  large  quantity  of  water  is  pumped  from  this 

soorce. 

The  tests  of  this  year  show  more  definitely  than  those  of  last 
year  that  quite  a  large  quantity  of  water  can  be  obtained  from 
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this  source,  but  they  do  not  give  additional  information  of  such  a 
character  as  to  cause  the  Board  to  chauge  its  views,  as  expressed  in 
its  previous  reply,  as  to  the  limitations  of  this  source  in  a  dry  year. 
The  conditions  under  which  you  now  apply  for  the  advice  of  the 
Board  are  somewhat  different  from  those  of  last  year.  You  then 
had  in  view  the  construction  of  permanent  works,  and  you  now 
indicate  that  it  is  proposed  to  put  in  works  of  a  temporary  char- 
acter for  pumping  water  from  these  wells  until  a  metropolitan 
water  supply  is  available.  Having  in  view  the  temporary  char- 
acter of  the  proposed  works  and  the  unfavorable  results  of  inves- 
tigations for  obtaining  a  better  water  supply  at  some  other  point, 
the  Board  thinks  that  you  cannot  do  better  than  to  adopt  this 
source.  It  is  the  general  experience  that  the  amount  of  water  to 
be  supplied  for  the  first  few  years  after  the  construction  of  works 
is  comparatively  small,  and  it  is  probable  that  this  source  will 
furnish  all  of  the  water  needed  for  a  temporary  supply ;  moreover, 
the  smaller  the  amount  of  water  pumped,  the  less  likelihood  there  is 
of  deterioration  in  the  quality  of  the  water.  It  may  be  well  to 
add  that  in  referring  to  the  possible  deterioration  in  the  quality  of 
this  water  the  Board  has  had  in  view  the  possibility  that  it  might 
become  unsuitable  for  laundry  uses  and  unpalatable,  rather  than 
that  it  might  become  unwholesome. 

Barre.  George  A.  Brown,  and  others,  afterward  incor- 
porated as  the  Barre  AVater  Company,  applied  to  the  Board 
April  7,  1894,  for  its  advice  relative  to  taking  the  water  of 
certain  springs  in  that  town  as  a  public  water  supply.  The 
Board  replied  as  follows :  — 

April  27,  1891. 

It  is  understood  that  you  have  had  surveys  jiade,  which  indi- 
cate that  it  will  be  feasible  to  collect  the  water  which  flows  from  a 
drainage- area  of  two  hundred  and  seven  acres  at  a  sufficient  eleva- 
tion above  the  town  to  supply  water  to  it  by  gravity,  but  that  the 
method  of  developing  this  source  has  not  yet  been  fully  decided 
upon. 

Samples  of  water  collected  April  12,  1894,  from  the  streams 
which  flow  from  this  territory,  have  been  analyzed,  and  were  found 
to  be  very  soft  and  of  very  good  quality  for  the  purposes  of  a 
public  water  supply.  The  quality  of  the  water  to  be  obtained  from 
this  source  for  the  supply  of  the  town  would  depend  to  a  consider- 
able extent  upon  the  method  of  taking  the  water.  If  it  should  be 
obtained  from  the  ground  by  means  of  a  collecting  well  and  col- 
lecting ditches  or  pipes,  and  conveyed  to  the  consumers  without 
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being  exposed  to  the  light,  it  would  be  much  better  than  if  stored 
in  a  reservoir. 

With  regard  to  the  quantity  of  water,  it  is  not  feasible  to  tell 
with  certainty  from  the  present  information  whether  a  sufficient 
supply  can  be  obtained  from  this  source  or  not ;  but  the  prospects 
are  favorable,  and  the  Board  would,  therefore,  advise  further 
investigation  of  this  territory  in  order  to  determine  if  a  sufficient 
supply  can  be  obtained  from  the  ground.  If  a  ground- water  sup- 
ply should  be  obtained  and  should  prove  insufficient  in  the  future, 
it  might  be  supplemented  by  the  construction  of  a  storage  reser- 
voir above  the  place  where  the  ground-water  supply  is  taken. 
When  you  have  more  definite  plans  to  present,  the  Board  will 
advise  you  further  in  this  matter,  if  you  so  desire. 

Belchertown.  An  application  was  received  Feb.  7, 
1894,  from  the  water  committee  of  Belchertown,  for  the 
advice  of  the  Board  relative  to  the  propriety  of  taking  the 
water  of  Jabish  Brook  and  of  Chambray  Brook  in  Belcher- 
town as  sources  of  water  supply  for  the  town.  The  Board 
replied  as  follows :  — 

March  1, 1894. 

The  Board  has  caused  these  brooks  to  be  examined  and  their 
waters  to  be  analyzed.  The  analyses  of  samples  of  water  collected 
on  Feb.  19,  1894,  show  that  the  waters  of  both  sources  were  very 
soft,  and  free  from  any  excessive  amount  of  organic  matter.  The 
waters  had  a  somewhat  high  color,  probably  owing  to  previous  con- 
tact with  vegetable  matter  in  swampy  places ;  but  the  color  is  not 
higher  than  that  of  many  other  waters  used  for  water  supply  pur- 
poses in  the  State.  There  was  not  very  much  difference  between 
the  two  waters,  but  in  several  respects  the  water  of  Chambray 
Brook  was  somewhat  better  than  that  of  Jabish  Brook. 

The  quality  of  the  water  of  these  sources  would  vary  somewhat 
from  time  to  time  throughout  the  year,  and  might  become  worse  if 
the  water  should  be  stored  in  storage  reservoirs  from  which  the 
soil  and  vegetable  matter  has  not  been  removed ;  so  that,  before 
choosing  either  one  or  the  other  on  account  of  the  quality  of  the 
water,  it  would  be  desirable  to  have  the  results  of  further  analyses 
and  to  know  the  character  of  reservoirs  to  be  built  above  the  pro- 
posed points  of  taking. 

With  regard  to  the  quantity  of  water  to  be  obtained  from  these 
sources,  it  may  be  said  that  Jabish  Brook  at  the  proposed  point  of 
taking  would,  with  only  a  very  small  reservoir,  furnish  all  the 
water  that  Belchertown  would  require,  unless  the  flow  of  the  stream 
in  summer  should  be  controlled  by  some  large  reservoir  built  by 
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the  city  of  Springfield ;  in  which  case,  if  the  gates  were  dosed, 
there  might  not  be  a  sufficient  quantity  of  water. 

Chambray  Brook  above  the  point  where  its  water  can  be  taken 
to  Belchertown  by  gravity  can  be  made  to  farnish  a  sufficient 
quantity  of  water  for  Belchertown  by  buUding  a  reservoir  to  store 
some  of  the  surplus  water  in  the  spring  of  the  year  for  ase  during 
the  dry  portions  of  the  year. 

With  the  present  information  the  Board  cannot  advise  definitely 
as  to  which  of  the  two  sources  is  the  better  one  for  the  water 
supply  of  Belchertown ;  but  it  is  obvious  that,  if  they  are  found 
upon  further  investigation  to  be  of  nearly  equal  merit,  having  due 
regard  to  quality,  quantity  and  cost,  the  supply  should  be  taken 
from  Chambray  Brook,  so  as  not  to  interfere  with  the  water  supply 
of  the  city  of  Springfield,  which  is  now  taken  from  Jabish  Brook. 

Blackstone.  Francis  N.  Thayer  and  other  citizens  of 
Blackstone,  who  afterward  obtained  a  charter  as  the  Black- 
stone  Water  Co.,  applied  to  the  Board  Dec.  9,  1893,  for  its 
advice  relative  to  taking  the  waters  of  Ironstone  Pond  and 
Emerson  Brook,  with  their  tributaries,  in  the  town  of  Ux- 
bridge,  and  also  certain  lands  in  the  town  of  Blackstone  for 
the  purpose  of  driving  wells  in  the  same  for  a  public  water 
supply  for  the  town  of  Blackstone,  including  the  village  of 
Millville.    The  Board  replied  to  this  application  as  foUov^s :  — 

March  9, 1894. 

The  Board  has  caused  examinations  to  be  made  of  the  proposed 
sources  of  supply,  as  far  as  has  been  found  practicable  in  winter. 

Ironstone  Pond,  the  first  of  the  sources  named,  was  found  to  be 
an  old  millpond,  formed  by  a  dam  built  across  Ironstone  Brook. 
It  is  said  to  have  an  area  of  about  24.3  acres  and  an  average  depth 
of  about  5.43  feet.  Immediately  above  this  pond  is  a  reservoir 
which  is  said  to  have  an  area  of  60.5  acres  and  an  average  depth 
of  4.2  feet.  The  water-shed,  which  is  partly  in  the  State  of  Rhode 
Island,  is  quite  large,  and  with  a  moderate  amount  of  storage  will 
furnish  all  the  water  required  for  Blackstone  for  a  long  time  In  the 
future.  Analyses  of  samples  of  water  from  this  source  showed 
that  the  water  at  the  time  the  samples  were  collected  was  of  fairly 
good  quality  for  the  purposes  of  a  public  water  supply.  It  is  not 
feasible  to  tell,  however,  from  examinations  made  at  this  season  of 
the  year,  what  the  quality  of  water  stored  in  such  shallow  reser- 
voirs will  be  in  the  hot  weather  of  summer ;  and  the  Board  cannot 
at  the  present  time  advise  that  this  is  a  suitable  source  of  water 
Bupply  for  the  town  of  Blackstone. 
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Emerson  Brook,  at  the  point  where  it  is  high  enough  to  supply 
water  to  the  town  by  gravity,  is  a  stream  of  sufficient  size  to  pro- 
Tide,  with  only  a  small  amount  of  storage,  enough  water  to  supply 
the  present  population  of  Blackstone ;  and,  if  storage  reservoirs 
caD  be  built  upon  it  which  will  contain  in  the  neighborhood  of  one 
hundred  million  gallons,  it  will  supply  the  town  for  a  long  time  in 
the  future.     Analyses  of  samples  of  water  from  this  source  showed 
that  the  water  at  the  time  the  samples  were  collected  was  not  very 
different  from  that  of  Ironstone  Pond.    The  analyses  indicated, 
however,  both  by  the  slightly  higher  color  and  the  more  noticeable 
vegetable  odor,  that  the  water  of  this  brook  was  somewhat  more 
affected  by  contact  with  vegetable  matter  in  swamps  and  shallow 
reservoirs  than  the  water  of  Ironstone  Pond.      There  are  some 
Bmall  and  very  shallow  reservoirs  upon  this  water-shed,  and  in  this 
case,  as  in  the  other,  it  is  difficult  to  predict  at  the  present  time 
whether  or  not  the  water  wiU  be  of  suitable  quality  for  domestic 
nae  in  the  hotter  portions  of  the  year.     If  the  required  storage  of 
the  water  could  be  effected  by  the  construction  of  a  storage  reser- 
voir of  considerable  depth,  which  had  been  properly  prepared  for 
the  reception  of  water  by  the  removal  of  soil  and  vegetable  matter 
from  its  bottom  and  sides,  and  the  present  shallow  reservoirs  and 
swamps  could  be  drained,  a  better  water  could  be  obtained  from 
thissoarce. 

With  regard  to  the  other  source  mentioned  by  you,  namely,  a 
groand-water  source  within  the  limits  of  the  town  of  Blackstone, 
it  is  not  practicable  at  this  season  of  the  year  and  in  the  time  within 
which  jou  desire  a  reply  to  make  a  sufficient  examination  to  ascer- 
tain whether  there  is  a  place  within  the  town  from  which  it  is  prob- 
able that  a  ground-water  supply  could  be  obtained.     If  a  source 
coald  be  found,  away  from  the  thickly  settled  portion  of  the  town 
and  not  adjacent  to  the  Blackstone  River,  from  which  a  sufficient 
quantity  of  ground  water  could  be  obtained,  it  is  probable  that  the 
quality  of  the  water  would  be  very  much  better  than  that  of  water 
from  cither  of  the  other  sources  mentioned. 

As  already  indicated,  the  Board  cannot  advise  you  definitely  at 
tbe  present  time  as  to  the  most  appropriate  source  of  supply  for 
the  town;  but  will  advise  further,  if  you  so  request,  later  in  the 
year,  when  analyses  can  be  made  of  the  water  in  the  summer,  and 
when  you  have  more  definite  information  to  present  as  to  the  feasi- 
bility of  obtaining  a  water  supply  from  the  ground,  or  as  to  the 
character  of  storage  reservoirs  which  can  be  constructed. 

BfioCKToy.    An  application  was  received  fi'om  the  city 
engineer  of  Brockton  May  1,  1894,  relative  to  increasing 
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the  water  supply  of  the  city  and  providing  for  certain  dis- 
tricts requiring  a  high-pressure  service,  and  also  suggesting 
the  future  possibility  of  a  district  supply  embracing  other 
contiguous  towns.     The  Board  replied  as  follows :  — 

Sept.  20,  1894. 

The  State  Board  of  Health  has  considered  your  application  dated 
May  1,  1894,  and  the  amendment  thereto  dated  July  20.  In  this 
application  you  state  that  you  have  been  directed  to  report  plans 
for  supplying  Brockton  Heights  and  Gary  Hill  with  water,  and  that 
these  localities  have  so  great  an  elevation  that  they  cannot  be  sup- 
plied with  water  from  the  present  service. 

You  also  suggest  that,  as  the  present  source  of  supply  may  prove 
inadequate  in  the  near  future,  owing  to  the  growth  of  the  city,  and 
the  probable  increase  in  the  consumption  of  water  due  to  the  con- 
struction of  the  sewerage  system  now  under  way,  it  may  be  wise 
for  your  recommendations  to  be  in  line  with  or  a  part  of  a  con- 
templated water  supply  for  Brockton  and  towns  in  its  vicinity.  As 
possible  sources  of  additional  supply,  you  refer  to  the  construction 
of  a  new  storage  reservoir  below  the  present  one,  as  a  source  within 
the  city,  and  to  Silver  Lake  as  being  apparently  the  best  source 
beyond  the  city. 

Upon  comparing  the  consumption  of  water  in  Brockton  with  the 
capacity  of  the  present  source  in  a  dry  year,  it  is  found  that  the 
ultimate  capacity  is  more  than  twice  the  present  average  daily  con- 
sumption, which  shows  that  there  is  no  immediate  need  of  a  new 
supply  on  account  of  the  quantity  of  water.  It  is,  however,  the 
general  experience  that  the  amount  of  water  consumed  increases 
much  more  rapidly  than  the  population ;  and  the  facilities  offered 
by  the  new  sewerage  system  for  removing  the  waste  water  are 
likely  to  lead  to  the  more  liberal  use  of  water  in  the  future,  so  that 
it  is  not  improbable  that  the  present  source  may  prove  inadequate 
before  many  years. 

Increasing  the  supply  of  the  city  by  the  construction  of  a  reser- 
voir below  the  present  one  does  not  seem  advisable,  on  account  of 
the  large  cost  of  a  properly  prepared  reservoir  at  this  place  in  pro- 
portion to  the  additional  quantity  of  water  to  be  obtained,  and 
because  the  water,  being  derived  mainly  from  the  water-shed  now 
used,  would  not  be  of  the  best  quality  ;  moreover,  the  reser\''oir  is 
not  so  far  from  the  settled  portions  of  Brockton  but  that  its  waters 
are  liable  to  be  polluted  in  the  future,  unless  considerable  expense 
is  incurred  to  prevent  the  occupation  of  the  land  draining  toward 
the  reservQir. 
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Sliver  Lake  seems  likely  to  be  the  best  fatare  source  of  supply 
for  Brockton,  on  account  of  the  more  ample  quantity  of  water 
which  it  will  famish,  the  superior  character  of  the  water  for  water 
Bapply  purposes,  and  the  better  opportunities  for  supplementing 
the  supply  when  the  amount  of  water  which  this  lake  will  furnish 
is  exhausted.    As  the  town  of  Whitman  needs  a  better  supply  than 
it  Qow  has,  and  has  already  obtained  the  right  to  take  water  from 
Silver  Lake,  there  is  no  doubt  that  it  would  be  for  the  pecuniary 
advantage  of  both  Whitman  and  Brockton  to  construct  works 
jointly,  rather  than  to  construct  independent  works.    In  regard  to 
other  towns  near  Brockton,  the  advantages  of  joint  action  are  not 
obvious,  although  further  investigation  may  show  that  it  is  desir- 
able in  some  instances. 

The  question  of  a  high-service  supply  has  been  considered  with 
reference  to  the  possibility  of  taking  the  future  supply  from  various 
soarces  which  have  been  suggested ;  and  it  has  been  found  that 
the  source  of  supply  would  not  have  any  considerable  influence 
upon  the  design  of  a  system  of  high-service  works  controlled  wholly 
by  the  city  of  Brockton,  because  the  best  plan  in  any  case  appears 
to  be  to  maintain  the  present  pressure  in  the  greater  part  of  the 
eity,  and  to  add  a  higher  service  for  Brockton  Heights  and  Gary 
Hill,  to  be  supplied  by  pumps  located  at  the  present  pumping 
station. 

Brookfield.  The  town  of  Brookfield  requested  the 
opinion  of  the  Board  Sept.  15,  1894,  relative  to  the  quality 
of  the  water  of  Quaboag  River  as  a  temporary  water  supply 
for  the  town,  stating  that  the  public  supply  had  failed,  and 
that  recourse  had  been  had  to  this  stream.  The  Board 
replied  as  follows :  — 

Sept.  25,  1894. 
The  State  Board  of  Health  has  received  from  you  a  communica- 
tioQ  dated  Sept.  15,  1894,  in  which  you  state  that  it  is  your  inten- 
tion to  use,  temporarily,  the  water  of  Qual)oag  River  for  the  water 
supply  of  the  town  of  Brookfield. 

From  the  information  already  in  the  possession  of  the  Board 
^th  regard  to  the  amount  of  sewage  and  other  polluting  matter 
which  enteis  the  Quaboag  River  or  its  tributaries,  tiie  Board  is  of 
the  opinion  that  this  water  is  not  of  suitable  quality  for  a  domes- 
tic water  supply,  and  that  if  for  fire  protection  and  other  purposes 
than  drioking  yoa  find  it  necessary  to  pump  this  water  into  the 
pipes,  you  should  notify  each  water  taker  that  it  is  dangerous  to 
drink  the  water. 
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Dudley.  An  application  was  received  April  2,  1894, 
from  D.  W.  Crosby  of  Webster,  for  the  advice  of  the  Board 
relative  to  extending  the  water  pipes  of  the  Webster  water 
supply  into  a  village  of  Dudley  which  lies  in  close  proximity 
to  the  town  of  Webster.     The  Board  replied  as  follows :  — 

Apbil  5,  1894. 

The  State  Board  of  Health  received  from  you  on  April  2,  1894, 
an  application  for  advice  relative  to  a  proposed  water  supply  for 
portioDs  of  the  town  of  Dudley,  in  wbioh  you  state  that  you  pro- 
pose to  ask  the  Legislature  to  grant  the  town  of  Webster,  Mass., 
permission  to  lay  water  pipes  in  a  part  of  Dudley  known  as  Merino 
Village,  to  furnish  a  supply  of  water  for  domestic  and  other  pur- 
poses to  the  citizens  of  Dudley  who  may  desire  the  same. 

The  Board  has  on  two  occasions  advised  the  authorities  of  the 
town  of  Webster  with  regard  to  proposed  sources  of  water  supply, 
and  in  the  communications  to  Webster,  copies  of  which  are  given 
below  (see  twenty-second  annual  report  of  the  Board,  page  13,  and 
twenty-fifth  annual  report,  page  63),  3'ou  will  find  the  opinion  of 
the  Board  with  regard  to  the  quality  of  the  water  if  taken  directly 
from  Lake  Chaubunagungamaug  or  from  the  ground  near  it  (the 
present  source  of  water  supply  of  Webster)  ;  also  its  opinion  as  to 
the  propriety  of  taking  water  from  this  source  for  the  supply  of 
portions  of  the  town  of  Dudley. 

The  Board  does  not  think  it  within  its  province  to  advise  as  to 
the  agency  by  which  the  water  should  be  supplied. 

Gloucester.  An  application  was  received  from  the  city 
of  Gloucester  March  23,  1894,  for  the  advice  of  the  Board 
relative  to  taking  a  new  water  supply  from  the  Chebacco 
lakes  in  the  town  of  Essex.     The  Board  replied  as  follows  :  — 

April  27,  1894. 

The  State  Board  of  Health  received  on  March  23,  1894,  an 
application  made  by  you  in  behalf  of  the  city  of  Gloucester  for 
the  advice  of  the  Board  with  regard  to  a  proposed  water  supply 
for  the  city.  In  this  application  yon  state  that  the  ^^  proposed 
source  of  supply  is  the  group  of  lakes  in  the  town  of  Essex  known 
as  the  Chebacco  ponds,"  and  that  it  is  proposed  to  take  the  supply 
from  Chebacco  Lake,  at  a  point  near  the  north-westerly  end. 

The  Board  has  caused  examinations  to  be  made  of  the  Chebacco 
ponds  and  of  the  sources  in  West  Gloucester  from  which  water  is 
now  taken  for  supplying  the  city  of  Gloucester.     It  has  also 
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examined  into  the  opportunities  for  developing  the  present  sources 
of  supply  and  other  sources  near  them. 

The  Board  finds  that  the  present  sources  have  sufficient  capacity 
in  a  dry  year  to  supply  the  quantity  of  water  now  used  by  the 
city ;  but  the  population  now  supplied  is  much  less  than  the  total 
population,  and  the  amount  of  water  consumed  is  increasing  from 
year  to  year,  so  that  it  will  be  necessary  before  long  either  to 
develop  the  sources  now  used  or  to  obtain  a  further  supply  from 
other  sources.  If  the  present  sources  and  those  in  their  vicinity 
should  be  fully  developed  they  would  furnish  fully  double  the 
quantity  of  water  now  used,  and  make  a  further  supply  unneces- 
saiy  at  the  present  time. 

The  water  supplied  from  the  present  reservoirs  of  the  Glouces- 
ter Water  Company  is  practically  free  from  pollution  by  sewage, 
and  in  other  respects  it  is  a  fairly  satisfactory  water  for  the  pur- 
poses of  a  public  water  supply,  and  is  somewhat  better  at  the 
present  time  than  the  water  in  Chebacco  Lake.  It  could  undoubt- 
edly be  improved,  however,  by  the  removal  of  stumps,  soil  and 
vegetable  matter  from  the  bottom  and  sides  of  the  reservoirs. 
The  water  from  other  sources  near  the  present  ones  in  West 
Gloucester  has  not  been  analyzed,  but  from  an  examination  of 
these  sources  it  seems  probable  that  they  will  furnish  as  good 
water  as  the  sources  now  supplying  the  city. 

Chebacco  Lake  will  furnish  a  somewhat  larger  quantity  of  water 
than  could  be  obtained  from  all  of  the  available  sources  in  West 
Gloucester  if  they  were  fully  developed,  and  is  probably  the  most 
available  source  of  water  supply  for  Gloucester,  independent  of 
the  present  works.  As  already  indicated,  the  water  is  not  quite  as 
good  as  that  now  supplied  to  the  city,  and  it  is  doubtful  if  it 
would  prove  a  satisfactory  water  for  water-supply  purposes  unless 
improved  in  some  way,  which  cannot  be  determined  with  the  infor- 
mation now  available. 

The  Chebacco  ponds  are  located  in  the  towns  of  Essex,  Hamil- 
ton and  Wenham,  and  are  only  a  short  distance  from  Manchester, 
and  may  prove  the  most  available  source  of  water  supply  or  addi- 
tional water  supply  for  these  towns ;  moreover,  it  is  not  improba- 
ble that  they  may  prove  the  most  available  source  from  which  to 
take  an  additional  water  supply  for  Salem  and  Beverly,  when  the 
capacity  of  the  sources  from  which  these  places  are  now  author- 
ized to  take  water  has  been  reached.  Under  these  circumstances, 
the  Board  is  of  the  opinion  that  the  Chebacco  ponds  are  not  at 
present  the  most  appropriate  source  of  supply  for  the  city  of 
Gloucester ;  and  if  rights  in  these  ponds  are  granted  to  Gloucester, 
they  should  be  limited  by  proper  reservations  for  other  places. 
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Greenfield.  The  water  commissioners  of  Fire  District 
No.  1  of  Greenfield  applied  to  the  Board  March  1,  1894,  for 
its  advice  relative  to  increasing  the  water  supply  of  the  dis- 
trict by  building  a  larger  reservoir  in  the  same  water-shed 
now  used  by  the  district,  or  by  taking  an  additional  supply 
from  Workman  Brook  in  Colrain.  The  Board  replied  as 
follows :  — 

April  2,  1891. 

The  present  source  of  supply  is  Glen  Brook  above  the  Glen,  in 
the  town  of  Leyden,  where  the  drainage  area  of  the  brook  is  5.36 
square  miles.  This  source  has  been  developed  by  the  construction 
of  a  dam  at  the  Glen,  which  creates  a  storage  reservoir  containing 
about  16,000,000  gallons  of  water. 

Judging  the  capacity  of  this  source  from  the'  area  of  its  water- 
shed and  the  size  of  the  present  storage  reservoir,  the  works  should 
be  able  to  supply  more  than  enough  water  for  the  population  now 
supplied ;  and  it  may  be  that  by  moderate  restrictions  upon  the 
waste  of  water  or  by  stopping  the  leakage  at  the  dam,  if  it  is  feasi- 
ble to  do  so,  the  need  of  an  additional  supply  may  be  avoided  for 
the  present. 

If  the  present  conditions  of  consumption  of  water  and  leakage 
at  the  dam  are  continued,  it  is  obvious  from  the  experience  of  last 
summer,  when  the  reservoir  was  nearly  emptied,  that  a  further 
supply  is  required ;  and  one  of  the  plans  suggested  by  you  is  to 
increase  the  storage  capacity  upon  the  water-shed  from  which  the 
supply  is  now  taken,  by  building  a  reservoir  which  will  hold  about 
75,000,000  gallons,  upon  the  east  branch  of  Glen  Brook,  about 
one  and  three-quarters  miles  up  stream  from  the  present  dam. 
The  construction  of  a  reservoir  of  this  kind  would  undoubtedly 
increase  the  capacity  of  the  present  source  to  such  an  extent  that 
it  would  furnish  a  sufficient  quantity  of  water  for  the  towns  now 
supplied  from  it  for  a  long  time  in  the  future. 

A  water  as  good  as  that  now  flowing  in  these  brooks  will 
deteriorate  by  storage  in  a  reservoir  in  which  the  water  stands 
without  being  renewed  as  long  as  it  would  in  the  proposed  reser- 
voir, so  that  it  will  be  less  palatable  than  the  water  supplied  from 
the  present  reservoir ;  and  it  will  deteriorate  very  much  more  if 
the  soil  and  vegetable  matter  are  not  removed  from  the  bottom  and 
sides  of  the  reservoir  before  it  is  filled  than  if  they  are  removed. 

Owing  to  the  location  of  the  proposed  reservoir  upon  a  branch 
brook  where  the  water  will  not  be  renewed  frequently,  the  water 
will  not  be  in  quite  as  good  condition  as  if  the  reservoir  were 
located  upon  the  main  stream ;  but  there  is  a  compensating  advan- 
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tage  in  this  location,  that,  since  the  main  brook  and  existing 
reservoir  will  famish  the  required  amount  of  water  under  nearly 
all  clrcumataQces,  it  will  not  be  necessary  to  take  any  large  pro- 
portion of  the  water  from  the  new  reservoir,  except  on  rare  occa- 
sions daring  periods  of  extreme  drought. 

The  water  of  Workman  Brook  has  been  analyzed,  and,  judging 
from  the  analysis  and  the  character  of  the  drainage  area,  it  would 
be  as  good  as  the  water  from  Glen  Brook.  Workman  Brook, 
however,  has  a  water-shed  only  about  one-sixth  as  large  as  that  of 
Glen  Brook,  and  will  not  furnish  any  very  large  addition  to  the 
present  water  supply. 

From  present  information  it  would  not  seem  advisable  to  take 
an  additional  water  supply  from  Workman  Brook,  because  of  the 
large  expense  when  compared  with  the  quantity  of  water  to  be 
obtuned.  It  is  possible,  however,  that  further  investigations  may 
shov  that  this  is  a  desirable  source  to  adopt,  and  it  does  not  seem 
to  be  required  for  the  water  supply  of  any  other  community. 

The  Board  recommends  that  you  investigate  more  thoroughly  the 
relative  cost  and  merit  of  the  plans  which  you  have  suggested  for 
increasing  the  supply,  and  that  you  should  also  include  in  the 
investigation  two  other  plans,  one  of  which  is  to  increase  the 
storage  capacity  of  the  present  reservoir  on  Glen  Brook  by  con- 
structing a  higher  dam  at  or  just  below  the  present  dam  at  the 
Glen,  and  the  other  relates  to  taking  an  additional  supply  from 
Fisk  Brook,  which  the  fire  district  was  authorized  to  take  by 
chapter  247  of  the  acts  of  1883.  The  analysis  of  a  sample  of 
water  from  Fisk  Brook  shows  that  it  has  the  same  general  charac- 
ter as  the  water  of  Workman  and  Glen  brooks,  except  that  it  is 
somewhat  harder. 

This  reply  is  made  at  the  present  time  because  you  desire  it  for 
use  daring  the  session  of  the  present  Legislature ;  and,  as  the 
iorestigations  which  you  have  thus  far  made  have  not  been  sufH- 
eiently  extended  to  furnish  definite  information  as  to  the  relative 
mehlB  of  different  sources,  it  is  necessarily  of  a  general  nature. 
AVhen  yon  have  further  information  to  present  the  Board  will 
advise  you  further  in  this  matter. 

HiNGHAM  and  Huxl.     An  application  was  received  May 

lif  l^W,  from  the  Hingham  Water  Company,  for  the  advice 

of  the  Board  relative  to  taking  an  additional  water  supply 

for  Hingham  and  Hull  from  Accord  Brook  and  Cushing's 

Pond  in  Hingfaazn,  at  the  same  time  calling  attention  to  the 

existence  of  a  bad  taste  and  odor  in  the  water  of  Accord 

Pond.    The  Board  replied  as  follows :  — 
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The  Bonrces  from  which  you  now  supply  these  towns  are  Accord 
Pond,  which  has  an  area  of  98  acres  and  is  133  feet  above  mean 
high  tide,  and  Fulling  Mill  Pond,  which  has  an  area  of  about  14 
acres  and  is  only  30  feet  above  high  tide.  Accord  Pond  supplies 
water  by  gravity,  while  from  Fulling  Mill  Pond  the  water  has  to 
be  pumped. 

You  state  that  it  is  proposed  to  take  water  from  Accord  Brook 
at  a  point  about  500  feet  above  South  Pleasant  Street  and  about 
8,900  feet  east  from  Fulling  Mill  Pond,  where  the  brook  is  about 
62  feet  above  high  water  in  this  pond.  You  also  state  that  Cush- 
ing*s  Pond  is  at  about  the  same  level  as  Fulling  Mill  Pond,  and 
that  it  contains  perhaps  30  acres. 

In  order  to  ascertain  the  quality  of  the  water,  these  soui*ces  have 
been  examined  and  samples  of  water  have  been  collected  from 
them  and  analyzed.  The  waters  from  both  of  them  have  the  same 
general  characteristics,  in  that  they  are  comparatively  free  from 
contamination  by  sewage,  since  the  water-sheds  are  both  sparsely 
populated,  and  they  both  have  a  deep  brownish  color  and  contain 
a  large  amount  of  vegetable  matter  acquired  from  the  swamps  upon 
the  water-shed.  Owing  to  the  swampy  character  of  the  waters, 
the  Board  is  of  opinion  that  they  will  not  be  of  suitable  quality  for 
domestic  use  unless  they  are  efficiently  purified. 

There  are  two  ways  of  improving  such  waters,  which  are  worthy 
of  consideration  in  the  present  case.  One  is  to  drain  the  swamps 
BO  that  the  water  will  not  stand  upon  them,  nor  come  in  contact 
with  the  mud  and  vegetable  matter  as  it  passes  through  them.  It 
seems  doubtful  in  the  present  case  if  it  would  be  feasible  to 
improve  the  character  of  the  water  in  this  way  to  a  sufficient  extent 
to  render  it  satisfactory  for  water  supply  purposes.  The  other 
method  of  purification  is  by  filtration.  Owing  to  the  very  dark 
color  of  the  waters,  it  does  not  seem  probable  that  filtration 
through  artificial  sand  filters  would  prove  satisfactory,  because  the 
cost  of  filters  large  enough  to  permit  the  very  slow  filtration  of  the 
water  which  would  be  necessary  to  remove  the  color  would  be  pro- 
hibitory. 

The  plan  which  seems  likely  to  give  the  most  satisfactory  results 
is  one  in  which  the  sandy  or  gravelly  land  near  Fulling  Mill  Pond  or 
Accord  Pond  would  be  utilized  as  a  natural  filter  bed,  by  prepar- 
ing its  surface  so  that  the  water  could  be  distributed  over  it.  If 
the  material  is  sufficiently  porous,  the  water  will  soak  into  the 
ground  and  find  its  way  gradually  by  percolation  underground  into 
these  ponds  or  their  tributaries. 
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The  Board  advises,  as  the  first  investigation  in  this  line,  that  you 
should  ascertain  whether  there  is  not  high  porous  land  near  Fulling 
Mill  Pond  or  the  brook  which  feeds  it  where  filter  beds  of  the  char- 
acter above  referred  to  can  be  economically  constructed,  and  to 
which  the  water  of  Accord  Brook  may  be  conveyed  by  gravity 
through  a  pipe.  It  is,  of  course,  necessary  that  these  beds  should 
be  BO  located  that  the  water  after  being  filtered  into  the  ground 
will  find  its  way  into  the  pond ;  and  it  may  be  necessary  to  con- 
struct ditches  or  other  works  for  collecting  the  water  after  it  is 
filtered  and  conveying  it  to  the  pond  in  such  a  way  that  it  will  not 
deteriorate  by  flowing  through  any  rank  vegetation. 

The  quantity  of  water  which  can  be  purified  by  filtration  through 
natural  beds  in  this  way  will  vary  with  the  local  conditions  ;  but 
our  information  leads  us  to  believe  that  under  ordinary  conditions 
an  average  of  800,000  gallons  per  acre  per  day  could  be  eflSciently 
purified,  provided  there  is  an  intermission  in  the  operation  of  the 
filters  as  often  as  once  in  twenty-four  hours. 

It  is  desirable  in  any  case  that  Fulling  Mill  Pond  should  be 
improved  by  the  removal  of  all  mud  from  its  bottom ;  but  if  the 
plan  above  suggested  should  be  carried  out,  it  is  even  more  desira- 
ble that  this  should  be  done,  so  that  the  filtered  water  would  be 
less  likely  to  deteriorate  by  being  stored  in  it. 

Accord  Pond  is  shown  by  the  records  not  to  have  filled  within 
the  last  three  years,  and  it  is  obvious  that  more  water  must  be 
obtained  from  some  other  source.  As  an  additional  supply  cannot 
be  obtained  by  gravity,  it  will  be  necessary  in  the  future  to  pump 
a  greater  proportion  of  the  water  used.  It  may  be  found  that  if 
Fulling  Mill  Pond  is  cleaned  out,  as  suggested,  so  that  its  water 
will  be  of  suitable  quality  for  use  at  all  seasons  of  the  year,  and 
the  supply  to  this  pond  is  increased  by  the  method  of  filtration 
above  described,  it  will  be  feasible,  by  pumping  during  a  greater 
portion  of  the  year,  to  fill  Accord  Pond  every  spring,  and  to  avoid 
for  a  time  the  necessity  for  constructing  a  storage  reservoir  upon 
Accord  Brook,  or  the  taking  of  water  from  Cushing's  Pond. 

In  addition  to  your  request  for  advice  with  regard  to  an  addi- 
tional supply  of  water,  you  have  called  the  attention  of  the  Board 
to  a  disagreeable  taste  and  odor  in  the  water  of  Accord  Pond  in 
June  of  this  year,  and  to  the  occurrence  of  a  similar  trouble  in 
previous  years,  and  have  asked  that  the  matter  be  investigated, 
with  a  view  to  ascertaining  the  cause  of  the  trouble  and  the  best 
means  for  preventing  its  recurrence.  Investigations  made  this 
year  show  that  the  taste  and  odor  were  due  principally  to  the 
presence  of  a  minute  vegetable  organism  called  anabcena^  which 
was  found  in  great  abundance  either  distributed  through  the  water 
of  the  pond  or  floating  upon  the  surface  as  a  green  scum.     This 
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organism  is  seldom  found  in  unpolluted  natural  ponds  which  have 
not  been  raised,  but  is  frequently  found  in  artificial  reservoirs 
which  have  been  filled  with  water  without  removing  the  soil  and 
vegetable  matter  from  their  bottom  and  sides.  It  seems  probable 
that  the  flowage  of  land  from  which  the  soil  and  vegetable  matter 
were  not  removed,  by  the  raisiog  of  the  dam  at  Accord  Pond,  has 
caused  or  helped  to  cause  the  growth  of  these  organisms,  and  that 
the  removal  of  this  organic  matter  to  the  extent  that  it  may  be 
removed  when  the  pond  is  drawn  to  a  low  level  would  lessen  the 
frequency  of  occurrence  and  the  amount  of  this  growth,  if  it  did 
not  entirely  prevent  it. 

The  improvement  of  a  swamp  adjacent  to  the  pond,  so  that  the 
water  will  not  stand  in  it  nor  come  in  contact  with  the  mud  and 
vegetable  matter  as  it  passes  through  it,  would,  by  improving  the 
quality  of  the  water  entering  the  pond,  have  a  favorable  effect 
upon  the  quality  of  the  water  in  the  pond. 

HoLYOKE.  An  appIicatLon  was  received  Jan.  18,  1894, 
from  the  water  commissioners  of  Holyoke,  for  the  advice  of 
the  Board  relative  to  taking  Munn  Brook  in  the  town  of 
Granville  as  an  additional  water  supply  for  the  city  of  Hol- 
yoke. Further  investigation  of  this  source  had  already  been 
made,  as  suggested  by  the  Board  in  reply  to  a  previous  appli- 
cation.    The  Board  sent  the  following  reply  :  — 

Fbb.  1,  1894. 

On  Oct.  5,  1893,  the  Board,  in  reply  to  a  former  application 
from  you,  gave  certain  advice  with  regard  to  Munn  Brook  as  a 
source  of  additional  water  supply  for  your  city,  and  also  referred 
to  other  sources  which  it  thought  should  be  more  thoroughly  investi- 
gated before  making  a  final  decision  as  to  the  source  to  be  adopted. 
The  results  of  the  investigations  which  have  since  been  made  by 
your  engineers,  taken  in  connection  with  the  examinations  made  by 
the  engineers  of  the  Board,  lead  the  Board  to  conclude  that  Munn 
Brook  is  the  most  appropriate  source  from  which  to  take  an  addi- 
tional water  supply  for  your  city. 

The  investigations  which  you  have  made  with  regard  to  storage 
reservoirs  upon  the  Munn  Brook  water-shed  seem  to  show  that  it 
is  feasible  to  utilize  at  least  as  much  of  the  flow  from  this  water- 
shed as  can  be  carried  to  Holyoke  through  a  twenty-four  inch  pipe ; 
and  this  source,  connected  with  your  present  supply  by  a  twenty- 
four  inch  pipe,  will  furnish  fully  9,000,000  gallons  of  water  per 
day. 

The  question  of  the  size  of  the  connecting  pipe,  whether  it  should 
be  twenty  or  twenty-four  inches  in  diameter,  has  been  again  con- 
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sidered  in  the  light  of  the  informatioo  furnished  by  the  repoit  sub- 
mitted by  you.  The  estimates  show  that,  if  Holyoke  should 
ooDtinue  to  grow  with  the  same  numerical  increase  in  each  five 
yeais  as  during  the  twenty  years  from  1870  to  1890,  and  the  oon- 
samption  of  water  per  inhabitant  should  not  increase  to  above 
niDety  gallons,  it  would  be  a  little  cheaper  to  lay  a  twenty-inch 
pipe  in  the  beginning,  and  supplement  it  in  the  future  by  another 
pipe  when  necessary ;  but  if  the  city  should  grow  as  rapidly  as 
Worcester,  Lowell  and  Fall  River  grew  after  they  had  attained 
the  present  size  of  Holyoke,  or  if  the  consumption  per  inhabitant 
sboQld  increase,  it  would  be  much  cheaper  to  lay  a  twenty-four- 
ioch  pipe  in  the  beginning.  These  considerations  have  led  your 
engineer  to  advise  the  adoption  of  a  twenty-four-inch  pipe  in  the 
beginning,  and  seem  to  warrant  this  advice.  There  are  several 
other  points  in  favor  of  a  larger  pipe,  even  before  its  full  capacity 
is  required  to  prevent  a  shortage  in  the  water  supply,  the  most 
important  of  which  is  that  it  would  insure  the  filling  of  the  present 
ponds  every  spring,  while  the  smaller  pipe  would  not,  and  would 
make  it  unnecessary  to  draw  the  ponds  and  reservoir  to  a  very  low 
level,  with  a  consequent  deterioration  in  the  quality  of  the  water. 

The  Board  would  again  call  attention  to  the  following  paragraphs 
in  its  last  reply  :  — 

''The  Board  has  caused  an  examination  of  the  water-shed  of 
Mann  Brook  to  be  made,  also  an  analysis  of  a  sample  of  water  col- 
lected from  the  brook  near  the  proposed  point  of  taking. 

''These  examinations  indicate  that  the  water  is  soft,  and  natu- 
rally of  very  good  quality ;  but  it  is  at  present  polluted  at  a  few 
points  by  the  discharge  of  sewage  into  it. 

"This  pollution  should  be  stopped  before  the  water  is  taken  for 
nse,  and  as  an  additional  precaution  it  is  desirable  that  the  water 
ebonld  be  diverted  into  Ashley  Pond,  rather  than  be  allowed  to  run 
directly  from  the  stream  through  the  pipes  into  the  city." 

Hyde  Park.      The    school   committee    of   Hyde   Park 
requested  the  Board,  Sept.  25,  1894,  to  make  an  examina- 
tion of  the  water  supplied  by  the  Hyde  Park  Water  Com- 
pany.  The  Board  replied  as  follows  :  — 

Oct.  6,  1894. 

In  response  to  your  request,  dated  Sept.  25,  1894,  the  State 
Board  of  Health  has  caused  samples  of  water  to  be  collected  for 
analysis  from  faucets  in  various  parts  of  Hyde  Park,  supplied 
from  the  Hyde  Park  Water  Company's  works,  and  the  results  of 
the  analyses  are  enclosed  herewith. 
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It  is  difficult  to  judge  from  an  analysis  of  the  water  furnished  by 
this  company  whether  it  is  safe  for  drinking  or  not,  owing  to  the 
fact  that  the  company  has  under  its  control  wells  which  furnish 
water  of  varying  quality.  It  is  probable  that  the  water  from 
nearly  all  of  the  wells  of  the  company  is  to  a  lai^e  extent  filtered 
river  water,  and  as  the  river  is  a  polluted  stream,  the  safety  of  the 
water  for  drinking  purposes  depends  upon  the  efficiency  of  the 
nitration. 

Some  of  the  wells,  notably  the  starch  factory  well,  referred  to 
in  a  reply  to  your  committee  dated  Sept.  1,  1892,  and  a  portion  of 
the  wells  in  a  group  driven  in  1893,  which  are  referred  to  in  a 
reply  to  the  Hyde  Park  Water  Company  dated  June  14,  1893, 
were  found  to  furnish  water  which  was  not  regarded  as  safe  for 
drinking. 

In  reply  to  an  inquiry  from  this  office,  the  water  company  has 
stated  that  no  water  is  now  taken  from  these  wells ;  but  the  Board 
has  not  made  any  recent  examinations  in  sufficient  detail  to  enable 
it  to  state  that  all  of  the  remaining  wells  now  furnish  good  water. 
The  analyses  of  the  samples  of  water  collected  from  the  faucets  in 
town  show  that  the  water  is  not  perfectly  purified ;  but  it  is  not 
feasible  to  tell  from  them  whether  the  result  is  due  to  a  slight 
deterioration  in  the  efficiency  of  the  purification  of  the  whole  of 
the  water,  or  whether  it  is  caused  by  the  mingling  of  imperfectly 
purified  water  from  a  few  of  the  wells  with  that  from  other  wells 
which  furnish  a  thoroughly  purified  water.  In  the  former  case, 
notwithstanding  the  slight  deterioration  in  the  efficiency  of  the 
purification,  the  water  would  be  regarded  as  suitable  for  drinking 
purposes,  while  in  the  latter  it  might  not  be  so  regarded. 

A  copy  of  both  of  the  replies  of  the  Board  above  referred  to  is 
enclosed  herewith.  (See  twenty-fourth  annual  report  of  the  Board, 
page  15,  and  twenty-fifth  annual  report,  page  200.) 

The  school  committee  again  applied  to  the  Board  Oct.  30, 
1894,  asking  whether,  in  its  judgment,  the  water  thus  fur- 
nished by  the  water  company  was  a  safe  supply  '«  for  the 
school  children  of  Hyde  Park  for  drinking  purposes.**  The 
Board  replied  as  follows :  — 

Dec.  6,  1894. 

The  State  Board  of  Health  received  from  you  a  letter  dated 
Oct.  30,  1894,  stating  that  you  had  received  the  communication  of 
the  Board,  dated  October  5,  in  answer  to  your  request  for  tests  of 
the  water  supplied  by  the  Hyde  Park  Water  Company,  and  that 
the  school  committee  had  instructed  you  to  inquire  whether ^  in  the 
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jadgment  of  the  Board,  it  was  safe  to  supply  the  school  children 
of  Hyde  Park,  for  drinking  purposes,  with  the  water  furnished  by 
this  water  company. 

The  reply  of  October  5  contained  as  definite  a  statement  6f  the 
conditions  affecting  the  purity  of  the  Hyde  Park  water  as  it  was 
feasible  to  make.  As  you  have  probably  learned  already  from  this 
reply  some  of  the  wells  under  the  control  of  the  Hyde  Park  Water 
Company,  which  it  is  understood  have  not  been  used,  furnish 
water  of  unsuitable  quality  for  drinking,  and  the  Board  has  no 
certain  knowledge  that  all  of  the  other  wells  furnish  water  of  good 
quality ;  in  fact,  the  analyses  show  that  the  water  supply  to  the 
town  is  not  perfectly  purified  at  some  seasons  of  the  year,  and  the 
water  most  be  regarded  with  suspicion. 

The  Board  does  not  believe  that,  from  the  information  now  in 
its  possession,  it  would  be  Justified  in  giving  an  opinion  that  the 
water  famished  by  the  Hyde  Park  Water  Company  is  unwhole- 
some ;  bat  there  is  an  uncertainty  as  to  the  wholesomeness  of  the 
water  daring  a  portion  if  not  the  whole  of  the  year,  which  leaves 
no  question  that  it  would  be  better  to  supply  the  school  children 
with  a  water  of  known  purity. 

Hyde  Park  Water  Company.  An  application  was  re- 
ceived from  the  Hyde  Park  Water  Company  July  10,  1894, 
for  the  advice  of  the  Board  relative  to  the  quality  of  **  three 
six-inch  driven  wells  located  and  to  be  located  on  land  be- 
longing to  the  company  near  the  New  York  &  New  England 
Bailroad  in  Hyde  Park."    The  Board  replied  as  follows  :  — 

Dbc.  7,  1894. 

Samples  sent  in  by  you  from  one  of  these  wells  on  June  14  and 
from  aaotber  on  June  30  had  previously  been  analyzed  with  satis- 
factory results. 

A  visit  was  made  to  your  works  by  one  of  the  engineers  of  the 
Board  on  July  13,  when  water  was  being  drawn  regularly  from 
these  wells  by  the  pump  in  the  pumping  station.  The  analysis  of 
a  sample  of  water  collected  at  this  time  showed  a  slight  deteriora- 
tion ia  the  quality  of  the  water,  and  a  sample  collected  in  a  similar 
manner  a  week  later  showed  a  still  further  slight  deterioration. 

In  vieir  of  this  change  in  the  character  of  the  water,  the  results 

of  the  analyBes  were  sent  you  on  July  27,  accompanied  by  a  com- 

mooication  calling  attention  to  the  change  in  the  character  of  the 

water,  and  suting  that  the  Board  would  defer  making  a  formal 

reply  to  your  application  until  it  could  make  further  examinations, 
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with  a  view  to  determining  the  character  of  the  water  after  pump- 
ing had  been  continued  for  a  longer  time. 

Six  more  analyses  were  made,  from  June  30  to  September  4  in- 
clusive, the  water  generally  coming  from  either  two  or  three  of  the 
first  group  of  three  wells.     At  different  times  during  the  month  of 
September  samples  were  sent  in  from  each  of  three  additional 
wells  located  about  the  same  distance  from  the  railroad  as  the  first 
three,  and  a  short  distance  further  from  your  pumping  station.     In 
October  and  November,  after  all  six  wells  had  been  connected, 
additional  samples  were  analyzed.     The  changes  in  the  mineral 
constituents  of  the  water  taken  from  these  wells  correspond  nearly 
enough  with  the  changes  in  the  mineral  constituents  of  the  water 
of  the  Nepons^t  River  to  show  clearly  that  a  considerable  portion 
of  the  water  from  these  wells  comes  from  the  river ;  and,  as  the 
river  is  a  highly  polluted  stream,  the  purification  should  be  very 
thorough.     The  later  analyses,  both  from  the  first  three  and  from 
all  six  of  the  wells,  while  they  show  a  large  degree  of  purification 
resulting  from  the  filtration  of  the  river  water  through  the  ground, 
do  not  show  a  suflSciently  thorough  purification  to  make  the  water 
safe  for  drinking  purposes.    The  water  is  not  at  all  times  rendered 
wholly  free  from  turbidity,  sediment,  color  or  odor,  and  the  amount 
of  organic  matter  left  in  the  water  is  larger  than  it  should  be  iu  a 
water  filtered  from  a  polluted  source.     The  character  of  the  water 
from  these  wells  may  vary  somewhat  with  the  season  of  the  year, 
being  better  in  the  wet  than  in  the  dry  season  ;  but  it  is  probable 
that  with  a  continued  draft  upon  the  wells  the  water  will  grow 
worse  rather  than  better  in  the  future. 

In  view  of  all  these  results,  the  Board  is  of  the  opinion  that  the 
six  wells  examined  cannot  be  depended  upon  to  furnish  a  water  of 
satisfactory  quality  for  drinking  purposes ;  and  it  recommends  that 
you  obtain  some  new  source  of  water  supply,  unless  you  can  obtain 
good  water  from  the  ground  in  the  vicinity  of  your  present  pump- 
ing station,  at  a  greater  distance  from  the  river  than  the  wells 
driven  by  you  this  year  and  last. 

Ipswich,  The  committee  on  water  supply  of  the  town  of 
Ipswich  applied  to  the  Board  Dec.  28,  1893,  for  its  advice 
relative  to  taking  Dow's  Brook  in  Ipswich  as  a  public  water 
supply ;  this  source  to  be  supplemented  when  necessary  with 
water  from  Bull  Brook.     The  Board  replied  as  follows :  — 

Feb.  1,  1894. 

The  State  Board  of  Health  received  from  you  an  application 
dated  Dec.  28,  1893,  accompanied  by  a  report  of  your  engineer, 
Mr.  Percy  M.  Blake,  relative  to  a  proposed  water  supply  for  the 
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town,  to  be  taken  from  Dow's  Brook  within  said  town.  The 
report  of  your  engineer  also  contained  the  results  of  his  investi- 
gations of  other  possible  sources  of  supply  in  the  town. 

The  Board  has  already  considered  plans  for  a  water  supply  to 
be  taken  from  Dow*s  Brook,  submitted  by  a  water  committee  of 
your  town  on  Nov.  30,  1889 ;  but  the  plans  then  submitted  in- 
cluded a  storage  reservoir  having  somewhat  less  depth  and  smaller 
capacity  than  the  one  now  proposed. 

The  water  of  Dow's  Brook  is  of  good  quality.  The  reservoir 
in  which  it  is  to  be  stored  is  on  the  whole  somewhat  shallow,  and 
in  order  to  render  the  water  less  liable  to  deteriorate  by  storage 
and  become  affected  by  the  disagreeable  tastes  and  odors  to  which 
stored  waters  are  sometimes  subject,  it  should  be  thoroughly  cleaned 
by  the  removal  of  all  vegetable  matter  from  its  bottom  and  sides. 
Care  should  also  be  taken  to  prevent  any  pollution  of  the  water 
by  the  farmhouses  upon  the  water-shed. 

The  quantity  of  water  which  this  source  by  itself  will  furnish 
with  the  storage  now  proposed,  provided  the  dam  is  made  water- 
tight, will  be  sufficient  to  meet  the  requirements  of  the  town  after 
water  has  been  thoroughly  introduced  until  there  has  been  some 
increase  in  the  population ;  and  it  is  stated  by  your  engineer  that 
Bull  Brook,  also  known  as  Egypt  River,  at  a  point  not  more  than 
seven  hundred  feet  from  the  site  of  the  proposed  dam,  flows  at  a 
higher  elevation  than  the  water  will  stand  in  the  proposed  reser- 
voir, so  that  additional  water  can  be  diveii;ed  into  it  from  this 
brook  when  necessary. 

The  water  of  Bull  Brook  comes  from  a  swampy  region,  and 
would  not  be  of  satisfactory  quality  for  a  public  water  supply  if  it 
was  furnished  directly  to  the  consumers  ;  but  it  is  not  a  polluted 
water,  or  one  that  need  be  regarded  as  injurious  to  the  health  of 
those  drinking  it ;  and  if  a  small  proportion  of  it  should  be  turned 
into  the  proposed  storage  reservoir  in  dry  years,  when  there  might 
otherwise  be  a  shortage  of  water,  the  mingled  waters  when  sup- 
plied to  the  town  would  not  be  of  objectionable  quality. 

The  Board  concludes  that  the  present  plan  for  taking  a  water 
supply  from  Dow's  Brook,  supplemented  by  Bull  Brook  when 
necessary,  is  the  best  plan  which  has  yet  been  submitted  to  it  for 
the  water  supply  of  the  town  of  Ipswich,  and  it  believes  this  plan 
to  be  a  suitable  one  for  adoption  by  the  town. 

LoxGMEADOW.  The  water  board  of  Longmeadow  applied 
to  the  Board  Oct.  12,  1894,  for  its  advice  relative  to  taking 
the  water  of  Cooley  Brook  in  that  town  as  a  source  of  water 
supply.     The  Board  replied  as  follows :  ■— 
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Nov.  21,  1894. 

The  State  Board  of  Health  has  considered  yoar  applicatioa 
dated  Oct.  12,  1894,  with  regard  to  a  proposed  water  supply  for 
the  town  of  Longmeadow,  to  be  taken  from  Cooley  Brook  at  a 
point  above  any  source  of  pollution.  Yonr  application  contains 
the  following  statements  :  — 

'^  For  several  months  past  frequent  measurements  of  the  flow 
of  the  stream  have  been  made,  and  the  results  show  a  flow  of  8,750 
gallons  per  hour,  or  210,000  gallons  per  day.  It  is  proposed  to 
construct  a  receiving  resen^oir  of  either  masonry  or  selected  tim- 
ber, which  will  contain  100,000  gallons.  The  stand-pipe  will  hold 
110,000  gallons." 

The  Board  has  caused  an  examination  of  the  water-shed  of 
Cooley  Brook  te  be  made,  also  an  analysis  of  a  sample  of  water 
collected  from  the  brook  near  the  proposed  point  of  taking,  and 
finds  that  the  water  at  the  present  time  is  of  satisfactory  quality 
for  all  the  purposes  of  a  public  water  supply. 

It  is  better  that  the  receiving  resei*voir  should  be  constructed  of 
masonry  rather  than  of  wood,  because  experience  in  other  places 
has  shown  that  wood  in  similar  situations  produces  conditions 
which  are  favorable  to  the  growth  of  organisms,  and  a  consequent 
deterioration  in  the  quality  of  the  water  stored  in  contact  with  it. 
It  is  desirable  that  the  reservoir  should  be  covered  in  such  a  way 
as  to  exclude  the  light. 

The  measurements  of  the  flow  of  the  brook,  made  by  you  during 
the  past  season,  taken  in  connection  with  the  area  of  the  water- 
shed apparently  tributary  to  it,  as  observed  by  one  of  the  engineers 
of  the  Board,  indicate  that  water  sufficient  for  at  least  twice  the 
present  population  of  the  town  can  be  obtained  from  this  source. 

MiLFORD.  An  application  was  received  from  the  Milford 
Water  Company  April  20,  1894,  for  the  advice  of  the  Board 
relative  to  increasing  its  water  supply  by  taking  the  water 
of  a  small  pond  situated  near  the  present  pumping  station 
of  the  company.      The  Board  replied  as  follows  :  — 

May  3,  1894. 

The  State  Board  of  Health  has  considered  your  application  dated 
April  20,  1894,  with  regard  to  a  proposed  additional  water  supply 
to  be  taken  from  a  small  pond  near  the  pumping  station,  from 
which  water  can  be  brought  to  the  pumping  station  by  gravity, 
and  also  for  general  advice  as  to  the  best  plan  of  increasing  the 
supply. 

An  examination  of  the  small  pond  referred  to  has  been  made  by 


Xo,34.]    ADVICE  TO  CITIES  AND  TOWNS-         27 

an  engineer  of  the  Board,  and  a  sample  of  water  from  it  has  been 
analyzed.  The  pond  has  a  very  small  water-shed,  and  would  fur- 
nish so  email  a  quantity  of  water  daily  that  the  supply  from  it 
voald  scarcely  be  appreciable.  Moreover,  the  supply  taken  from 
the  pond  would  not  be  wholly  additional,  because  a  part  or  the 
whole  of  the  water  which  it  would  furnish  now  finds  its  way  into 
the  wells  by  filtration  through  the  ground.  It  has  been  suggested 
by  those  connected  with  the  works,  that,  as  a  pipe  leading  from 
this  pond  would  supply  water  by  gravity  to  the  pumps,  such  a  con- 
nection might  have  a  special  value  in  case  of  accident  to  the  suc- 
tion pipe  or  other  similar  emergency ;  but  this  is  a  point  which  can 
be  determined  better  by  you  than  by  this  Boai*d.  The  quality  of 
the  water  of  the  pond  is  such  that  it  might  be  used  for  water 
supply  purposes,  though  it  is  not  nearly  as  good  as  the  ground 
water  obtained  from  your  wells. 

With  regard  to  the  second  request,  for  general  advice  as  to  the 
best  plan  of  increasing  the  supply,  the  Board  advises  that  you 
make  investigations  with  reference  to  increasing  the  supply  of 
water  to  your  wells  by  filtering  the  river  water  intermittently 
through  the  gravelly  upland  in  their  vicinity,  in  the  same  general 
manner  that  sewage  is  now  filtered  at  Framingham.  If  the  water 
should  be  applied  evenly  and  intermittently  to  porous  land  having 
its  snrface  six  feet  or  more  above  the  level  of  the  ground  water,  in 
comparatively  small  quantities  (say  not  exceeding  300,000  gallons 
per  acre  per  day),  it  would  be  feasible  to  purify  it  so  that  it  would 
be  nearly,  if  not  quite,  as  good  as  the  water  you  now  obtain  from 
the  weib  when  no  water  is  admitted  from  the  river.  It  seems 
probable  that  land  suitable  for  this  purpose  may  be  found  either 
west  of  the  wells,  between  the  railroad  and  the  small  pond  con- 
cerning which  you  have  asked  advice,  or  north  of  the  wells,  between 
the  railroad  and  the  river. 

Should  you  make  these  investigations  and  have  additional  infor- 
mation to  present,  the  Board  will  advise  you  further  in  this  matter. 

MiLToy.  The  Milton  Water  Company  applied  to  the 
Board  April  23,  1894,  for  its  advice  relative  to  taking  water 
for  a  public  water  supply  from  the  ground  in  the  vicinity 
of  Pine  Tree  Brook  at  a  point  east  of  Harland  Street ;  this 
source  to  be  supplemented  by  water  taken  from  this  brook 
near  Harland  Street  in  that  town.  The  Board  replied  as 
follows:—. 

June  8,  1894. 

The  Slate  Board  of  Health  has  considered  your  application  dated 
April  23, 1894,  with  regard  to  a  new  water  supply  for  the  town  of 
Milton,  to  be  taken  from  the  valley  of  Pine  Tree  Brook  within  the 
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limits  of  the  town,  above  Canton  Avenue.  As  a  part  of  your 
application  you  make  the  following  statement :  — 

^'  It  is  proposed  to  obtain  a  supply  of  ground  water  from  the 
meadow  land  on  the  east  side  of  Harland  Street,  through  which  land 
the  Pine  Tree  Brook  flows  ;  such  ground  water  to  be  supplemented 
by  water  taken  from  the  brook  at  a  point  near  and  just  above  tbe 
old  dam  sites  on  Harland  Street.  The  brook  water  may  be  accu- 
mulated in  a  small  settling  basin  and  conducted  thence  by  gravity 
to  the  pumping  station  of  the  company.  If  necessary,  sand  filtra- 
tion of  the  brook  water  can  be  adopted.  The  water-shed  above 
the  poijit  of  taking  is  not  less  than  four  square  miles,  and  includes 
a  portion  of  the  domain  taken  for  metropolitan  park  purposes." 

The  application  was  also  accompanied  by  the  report  and  plan 
made  by  your  engineer,  showing  the  tests  which  had  been  made  to 
determine  whether  a  supply  of  ground  water  could  be  obtained,  and 
the  general  method  of  obtaining  the  supply. 

The  Board  has  caused  a  careful  examination  to  be  made  by  one 
of  its  engineers  of  the  locality  and  of  the  plan  and  report  sub- 
mitted, and  has  caused  analyses  to  be  made  of  water  from  Pine 
Tree  Brook  and  from  test  wells  near  the  point  where  it  is  proposed 
to  locate  the  permanent  well.  The  analyses  and  an  examination 
of  the  surroundings  show  that  water  of  excellent  quality  can  be 
obtained  from  the  ground  at  the  site  of  the  proposed  well.  The 
quantity  of  water  to  be  obtained  from  an  underground  source  is, 
necessarily,  somewhat  indeterminate  ;  but  it  is  probable  that  a  well 
or  wells  at  the  proposed  location  will  supply  as  much  water  as  will 
be  required  for  the  town  for  a  few  years,  and,  possibly,  a  much 
larger  quantity. 

The  quality  of  the  brook  water  is  such,  in  its  natural  state,  that 
it  would  not  be  wholly  satisfactoiy  for  a  public  water  supply; 
and,  in  view  of  the  danger  of  pollution  by  the  present  population 
and  the  population  which  is  likely  to  locate  upon  a  water-shed  so 
near  Boston,  tbe  Board  is  of  opinion  that  the  water  ought  not  to 
be  taken  directly  from  this  brook.  It  may  be  feasible  to  increase 
the  quantity  of  water  supplied  by  the  well  or  wells  by  turning  some 
of  the  brook  water  intermittently  and  in  comparatively  small  quan- 
tities upon  the  ground  at  a  considerable  distance  from  the  wells, 
but  in  such  locations  that  it  will  filter  through  the  ground  into  the 
wells.  With  this  method  of  filtration  properly  conducted,  it  is 
probable  that  the  brook  water  might  be  purified  to  such  an  extent 
that  it  would  be  of  satisfactory  quality  until  there  is  a  considera- 
ble addition  to  the  population  upon  the  water-shed. 

In  order  to  prevent  the  pollution  of  the  ground  water,  no  sew- 
age or  other  polluting  waste  should  be  turned  into  or  upon  the 
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groond  in  the  vicinity  of  the  well ;  and  if  there  should  be  any 
large  increase  in  population  upon  any  part  of  the  territory  which 
contributes  to  the  supply  of  the  well,  it  would  be  necessary,  in 
order  to  prevent  the  deterioration  of  the  water,  to  provide  a  sys- 
tem of  sewerage  for  conveying  away  the  polluting  wastes. 

The  Board  calls  your  attention  to  the  fact  that  it  is  now  making 
ioYestigations  with  a  view  to  obtaining  a  water  supply  for  Boston 
and  its  suburbs  within  ten  miles  of  the  State  House,  and  that  it 
expects  to  make  its  report  to  the  Legislature  at  the  beginning  of 
next  year.    It  will  obviously  require  a  few  years,  after  the  ques- 
tion is  favorably  acted  upon  by  the  Legislature,  before  the  metro- 
politan supply  will  be  available  ;  and,  even  if  Milton  should  desire 
to  co-operate  with  other  cities  and  towns  in  the  metropolitan  dis- 
trict in  obtaining  this  supply,  it  may  still  be  necessary  to  provide 
at  least  a  temporary  independent  supply,  in  order  to  prevent  a 
deficiency  in  the  next  few  years. 

If  the  proposed  ground-water  supply  for  Milton  should  prove 
deficient  in  quantity,  or  if  the  population  should  increase  to  such 
an  extent  as  to  make  the  water  unsuitable  in  quality,  it  is  very 
donbtful  if  it  would  be  practicable  to  obtain  from  any  other  source 
a  suitable  independent  supply  for  the  town. 

The  Board,  therefore,  advises  that  the  first  works  for  obtaining 
a  new  supply  should  be  built  with  reference  to  taking  a  supply  from 
the  ground  only.  It  can  be  determined  much  better  in  the  future, 
after  the  capacity  of  the  ground  has  been  tested  by  actual  trial 
and  after  the  report  has  been  made  upon  the  metropolitan  water 
supply,  whether  or  not  it  is  desirable  to  attempt  to  obtain  a  per- 
maneDt  supply  for  the  whole  town  from  the  proposed  source. 

MossoK.  The  committee  on  water  supply  of  Monson 
applied  to  the  Board  March  8,  1894,  for  its  advice  relative 
to  taking  a  pablic  water  supply  from  the  water-shed  of 
Conant  Brook  in  that  town.    The  Board  replied  as  follows :  — 

Mabch  80,  1894. 

Tbe  State  Board  of  Health  has  considered  your  application  with 
ng&rd  to  a  proposed  water  supply  for  the  town  of  Monson.  It  is 
undeTBtood  that  yoa  intend  to  take  the  supply  from  some  point 
within  Uie  water-shed  of  Conant  Brook,  and  that  it  will  probably 
be  taken  (loni  a  large  collecting  well  situated  near  a  branch  of 
Conant  Brook  known  as  Ingalls  Brook. 

Tbe  Board  has  caused  this  territory  to  be  examined  by  one  of 
its  engineerB,  and  has  made  analyses  of  samples  of  water  from 
Conant  Brook  jost  below  Ingalls  Brook,  from  the  two  principal 
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branches  of  Ingalls  Brook  and  from  a  test  well  near  this  brook. 
These  analyses  show  that  the  water  from  all  of  these  brooks  is 
very  soft,  and  of  very  good  qaality  for  a  surface  water,  and  that 
the  water  would  be  suitable  for  all  the  purposes  of  public  water 
supply.  The  surface  water,  however,  is  not  nearly  as  good  as  the 
sample  from  the  test  well,  which  is  practically  a  spring  water  of 
excellent  quality,  and  is  also  very  soft. 

There  is  no  doubt  whatever  but  that  a  sufficient  quantity  of  water 
for  the  supply  of  the  town  can  be  obtained  from  this  water-shed  ; 
and  the  results  obtained  from  test  wells,  taken  in  connection  with 
the  results  of  an  examination  of  the  surrounding  territory,  make 
it  probable  that  a  sufficient  supply  can  be  obtained  from  the  ground 
in  this  vicinity  to  warrant  the  adoption  of  the  proposed  plan  for 
taking  water  from  the  ground.  If  this  supply  should  prove  insuffi- 
cient, it  will  be  possible  at  any  time  to  supplement  it  by  taking 
water  from  the  brooks. 

The  Board  would  therefore  advise  that  the  Conant  Brook  water- 
shed is  a  suitable  source  from  which  to  obtain  a  supply  of  water 
for  the  town,  and  would  also  advise  taking  the  water  from  the 
ground,  as  is  now  proposed. 

New  Bedford.  The  water  board  of  New  Bedford  applied 
to  the  State  Board  of  Health  Jan.  12,  1894,  for  its  advice 
relative  to  the  propriety  of  taking  an  additional  water  supply 
from  the  great  ponds  in  the  town  of  Lakeville,  to  which  the 
Board  replied  as  follows  :  — 

Feb.  21,  1891. 

The  State  Board  of  Health  received  from  you  on  Jan.  12,  1894, 
an  application  asking  its  advice  with  regard  to  a  proposed  addi- 
tional water  supply  from  the  Lakeville  ponds,  said  application 
being  accompanied  by  the  report  of  Messrs.  Rice  &  Evans, 
hydraulic  engineers,  indicating  the  proposed  methods  of  taking  the 
water,  and  by  a  copy  of  the  draft  of  an  act  accompanying  the  peti- 
tion of  your  board  to  the  Legislature  for  authority  to  increase  the 
water  supply  of  New  Bedford. 

The  plan  proposed,  as  indicated  by  these  various  documents,  is 
to  take  water  from  Little  Quittacas  Pond,  and  to  keep  this  pond 
supplied  with  water  from  the  other  Lakeville  ponds  by  providing 
more  ample  water  ways  between  Great  Quittacas  and  Little  Quit- 
tacas ponds,  and  between  Pocksha  and  Great  Quittacas  ponds.  It 
is  further  proposed  by  the  act  that  this  water  supply  shall  be  taken 
from  a  reserve  to  be  created  by  a  dam  at  the  outlet  of  Assawomp- 
sett  Pond,  or  by  a  dam  or  dams  at  the  outlet  of  Long  Pond. 
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The  Board  finds  that  the  present  consumption  of  water  in  New 
Bedford  has  reached  the  limit  of  capacity  of  the  present  sources 
of  water  supply  in  very  dry  years,  and  an  additional  supply  is  now 
required.  With  regard  to  the  source  that  this  supply  should  be 
taken  from,  there  seems  to  be  no  question  but  that  it  should  be 
taken  from  one  or  more  of  the  Lakevllle  ponds.  These  ponds  are 
very  large  and  are  fed  from  a  large  water-shed,  so  that  there  is  no 
doubt  that  they  can  be  made  to  furnish  a  sufficient  quantity  of 
water  for  a  very  long  time  in  the  future  for  all  of  the  communities 
within  a  reasonable  distance  of  them  which  they  would  naturally 
be  expected  to  serve.  The  question  with  regard  to  the  source  of 
an  additional  water  supply,  therefore,  narrows  to  the  relative 
quality  of  water  in  the  different  ponds  and  the  best  method  of 
obtaining  the  required  quantity  of  water,  having  due  regard  to  the 
quality  and  to  the  effect  which  the  method  of  taking  the  water  may 
have  upon  the  various  interests  to  be  affected  thereby. 

Little  Quittacas  Fond,  one  of  the  present  sources  of  supply, 
contains  the  best  water  of  any  of  the  ponds  under  consideration, 
and  although  the  other  ponds  will  furnish  a  water  that  might  be 
used  for  all  the  purposes  of  a  public  water  supply,  there  is  con- 
siderable difference  in  the  quality  of  the  water  in  them,  and  the 
water  of  all  of  them  would  be  improved  by  passing  through  and 
mingling  with  the  water  of  Little  Quittacas  Pond  before  being  con- 
veyed to  the  city. 

The  different  ponds  rank  as  follows  in  regard  to  the  quality  of 
their  waters:  Assawompsett  Pond,  Great  Quittacas  Pond,  Long 
Pond. 

No  examinations  have  been  made  of  the  water  of  Pocksha  Pond, 
as  it  has  been  regarded  as  a  part  of  Assawompsett  Pond. 

It  will  be  seen  that  Assawompsett  Pond  contains  the  best  water 
for  supplementing  the  supply  from  Little  Quittacas  Pond  ;  but  the 
distance  between  these  ponds  is  so  great  that  the  extra  cost  of 
taking  water  from  Assawompsett  Pond  would  not  be  wairanted 
when  a  water  as  good  as  that  in  Great  Quittacas  Pond  is  close  at 
hand.  Of  the  two  nearer  sources.  Great  Quittacas  Pond  will  fur- 
nish a  much  better  water  than  Long  Pond,  and  it  has  the  further 
advantage  that  it  can  easily  be  connected  with  Little  Quittacas  at 
a  point  across  the  pond  from  the  proposed  pumping  station,  so  that 
its  water  will  have  a  better  opportunity  to  be  improved  in  its  pas- 
sage through  Little  Quittacas  Pond,  both  by  mingling  with  the 
water  of  this  pond  and  by  bleaching. 

Under  the  provisions  of  the  act  which  you  have  submitted  it  is 
proposed  to  obtain  the  required  quantity  of  water  from  a  reserve 
to  be  created  by  a  dam  at  the  outlet  of  Assawompsett  Pond,  or  by 
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a  dam  or  dams  at  the  outlet  of  Long  Pond.  Inquiry  had  been  made 
of  your  superintendent  for  information  bearing  upon  the  question 
of  the  anK)unt  of  water  which  such  a  reserve  as  is  contemplated  can 
supply ;  and,  while  he  has  furnished  all  the  information  which  he 
has  been  able  to  obtain,  it  is  insufficient  as  a  basis  for  estimating 
at  all  definitely  the  amount  of  water  to  be  obtained  in  this  way. 
Further  inquiry  has  been  made  in  other  directions  by  the  engineers 
of  the  Board,  and  the  quantity  of  water  which  such  a  reserve  as  is 
contemplated  will  supply  has  been  carefully  computed  upon  the 
basis  of  the  information  obtained,  which,  although  meagre,  is  the 
best  that  is  now  available.  The  result  of  these  computations  has 
led  the  Board  to  the  provisional  conclusion  that  it  will  not  be  feasi- 
ble to  obtain  in  dry  years  a  sufficient  water  supply  for  the  cities  of 
Taunton  and  New  Bedford  for  a  reasonable  time  in  the  future  from 
the  contemplated  reseixe. 

The  question  of  creating  a  reserve  by  raising  one  or  all  of  the 
ponds  should  also  be  considered  with  reference  to  its  effect  upon 
the  quality  of  the  water.  If  all  of  the  ponds  should  be  raised  suffi- 
ciently to  overflow  the  very  extensive  swamps  and  cranberry  bogs 
bordering  upon  them,  it  would  materially  injure  the  quality  of  the 
water  in  the  ponds  for  water  supply  purposes. 

If  the  storage  should  be  confined  to  Long  Pond  alone,  and  the 
quality  of  the  water  should  deteriorate  owing  to  the  flowage  of 
swamps  and  other  lands,  the  quality  of  the  water  supplied  to  New 
Bedford  would  not  be  appreciably  aflFected,  because  very  little  if 
any  of  the  water  of  Long  Pond  would  ever  find  its  way  through 
Assawompsett  and  Great  Quittacas  into  Little  Quittacas  Pond ; 
but  any  deterioration  of  the  water  of  Long  Pond  would  have  an 
unfavorable  effect  upon  the  Taunton  water  supply,  a  portion  of 
which  is  to  be  taken  from  Assawompsett  Pond,  not  very  far  from 
where  the  water  of  Long  Pond  enters  it. 

A  resei*ve  such  as  is  contemplated,  if  found  to  be  feasible,  would 
prevent  or  diminish  the  injury  to  water  powers  dependent  wholly 
or  in  part  upon  the  water  which  flows  from  these  ponds ;  but  it 
may  be  questioned  whether  the  injury  to  the  property  surrounding 
the  ponds  by  raising  their  level  would  not  more  than  offset  the 
damage  that  would  result  to  the  water  powers  by  taking  the  water 
without  creating  a  reser\'e. 

With  the  information  now  available,  the  Board  does  not  think  it 
advisable  that  you  should  obtain  an  act  which  will  limit  your  tak- 
ing of  the  water  of  these  ponds  to  a  reserve  such  as  is  contem- 
plated, or  which  will  make  compulsory  the  erection  of  a  dam  to 
store  a  reserve  of  water  equal  to  one  year's  supply  for  the  cities  oi 
Taunton  and  New  Bedford. 
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If  the  supply  is  not  to  be  taken  from  a  resen^e,  the  question 
arises  as  to  how  it  shall  be  taken.     The  plan  proposed  by  your 
engineers  and  referred  to  by  you  provides  for  more  ample  water 
ways  between  the  ponds,  by  which  all  of  the  chain  of  ponds  ex- 
tending from  Assawompsett  to  Little  Quittacas  can  be  put  in 
free  communication  with  one  another.     If  these  water  ways  should 
be  kept  open,  the  draft  upon  Little  Quittacas  for  supplying  New 
Bedford  with  water  would  cause  all  of  the  ponds  to  lower  in  sum- 
mer more  than  they  otherwise  would,  and  consequently  the  flow 
cot  of  Assawompsett  Pond  into  the  Nemasket  River  would  be 
diminished. 

Another  plan  for  taking  water,  which  would  cause  less  diminu- 
tion in  the  summer  flow  of  the  Nemasket  River,  is  to  supplement 
Little  Quittacas  by  turning  into  it  water  from  Great  Quittacas  Pond 
only,  obtaining  the  required  quantity  of  water  in  summer  by  low- 
ering the  level  of  the  pond.  Estimates  show  that  if  this  pond  can 
be  drawn  down  about  six  feet  it  will  supply  in  the  driest  year,  in 
connection  with  the  sources  now  used,  enough  water  to  supply  the 
city  of  New  Bedford  until  its  population  reaches  100,000.  A 
somewhat  larger  supply  might  be  obtained  almost  wholly  from  this 
source  if  provision  should  be  made  for  turning  water  from  Pocksha 
Pond  into  Great  Quittacas  in  the  months  of  March  and  April,  pro- 
vided Great  Quittacas  should  not  then  be  full. 

It  is  not  probable  that  there  would  bo  much  difference  in  the 
qoality  of  the  water  obtained  by  either  of  the  two  plans  just  men- 
tioned, although  the  conditions  are  somewhat  more  favorable  in  the 
first  one.  The  Board  cannot  advise  definitely  as  to  which  of  these 
two  plans  will  be  the  better  one  to  adopt,  having  due  regard  for 
the  fature ;  because  it  is  not  fully  informed  as  to  whether  it  is  fea- 
sible to  draw  Great  Quittacas  Pond  down  to  the  extent  above  indi- 
cated, or,  if  it  can  be  done,  whether  any  local  interests  will  be 
serioasly  affected  thereby.  It  is  obvious,  however,  that  this  pond 
will  famish  all  of  the  water  required  for  New  Bedford  for  quite  a 
long  time  in  the  futare  without  very  much  lowering  of  its  surface, 
even  in  the  dry  portion  of  the  year ;  and  it  may  be  that  the  right 
to  take  the  waters  of  this  pond  is  all  that  is  desirable  at  the  pres- 
ent time. 

The  water  now  supplied  to  the  city  is  drawn  directly  through  a 
conduit  from  the  Acushnet  reservoir,  and,  although  the  quality  of 
the  water  is  not  such  that  it  would  be  regarded  as  detrimental  to 
tiie  health  of  the  citizens  of  New  Bedford,  it  is,  nevertheless,  on 
account  of  its  contact  with  the  swamps  upon  the  water-shed  and 
its  storage  in  a  shallow  reservoir,  a  much  poorer  water  than  that 
in  the  Lakeville  Ponds.     It  is,  therefore,  very  desirable  that  pro- 
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vision  should  be  made  for  conveying  the  water  of  the  ponds  to 
New  Bedford  in  such  a  way  that  it  will  not  be  necessary  to  mingle 
it  with  the  water  of  this  reservoir. 

Newburyport.  The  mayor  of  Newburyport  applied  to 
the  Board  Dec.  21,  1893,  for  its  opinion  as  to  the  probable 
efBciency  of  a  filter  constructed  by  the  Newburyport  Water 
Company  near  its  pumping  station  in  supplying  a  **  safe  water 
for  use  in  the  public  schools  and  generally  throughout  the 
city."     To  this  application  the  Board  replied  as  follows :  — 

Feb.  17,  18M. 

The  Board  has  caused  an  examination  to  be  made,  by  one  of  its 
engineers,  of  the  filter  constructed  by  the  Newburyport  Water 
(Company  near  its  pumping  station. 

The  medium  through  which  it  is  intended  to  filter  the  water  is  a 
layer  of  Plum  Island  sand  about  three  feet  in  thickness,  which 
would  not  in  itself  prevent  the  passage  of  disease  germs.  It  is 
understood,  however,  that  a  coagulant  is  to  be  added  to  the  water 
before  filtration,  as  is  the  usual  practice  with  the  so-called  mechani- 
cal filters,  so  as  to  render  the  filtration  more  effective. 

The  Board  has  not  had  any  opportunity  to  test  the  filter  at  New- 
buryport, as  it  is  not  yet  in  operation,  but  has  made  examinations 
of  the  water  from  several  mechanical  filters,  and.  Judging  from 
the  results  obtained,  is  of  opinion  that  a  filter  like  that  at  New- 
buryport cannot  be  depended  upon  to  remove  the  disease  germs 
from  the  Merrimack  River  water  so  as  to  render  it  safe  for  drink- 
ing in  the  public  schools  or  by  the  citizens  of  Newburyport. 

'  Newburyport  Water  Company.  An  application  was 
received  from  the  Newburyport  Water  Company  June  20, 
1894,  for  the  advice  of  the  Board  relative  to  taking  an 
additional  water  supply  from  wells  upon  the  banks  of  the 
Artichoke  River  in  Newburyport.  The  Board  replied  as 
follows :  — 

July  27,  1894. 

The  locality  near  the  river  to  which  the  attention  of  the  Board 
has  been  paiticularly  called  is  just  north  of  the  old  Newbury 
road,  where  five  tubular  test  wells  have  been  driven.  Samples  of 
water  have  been  collected  from  these  wells  and  analyzed,  and  the 
analyses  show  that  the  water  contains  so  much  iron  that  it  would 
not  be  suitable  for  laundry  and  some  other  purposes. 

Judging  from  the  information  furnished  as  to  the  results  obtained 
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by  means  of  the  test  wells,  and  from  an  examination  of  the  wells 
and  of  the  snrroanding  territory,  it  does  not  seem  probable  that 
enoagh  water  ooald  be  obtained  from  this  source  to  f arnish  an  ade* 
qaate  additional  supply  for  the  city. 

The  Board  therefore  concludes  that,  owing  both  to  the  inferior 
quality  and  insufficient  quantity  of  water  which  this  source  will 
famish,  it  is  not  a  suitable  one  from  which  to  take  an  additional 
supply  for  the  city  of  Newburyport. 

North  Attleborouoh.  An  application  was  received 
from  the  water  commissioners  of  North  Attleborough  Oct.  10, 
18J)4,  for  the  advice  of  the  Board  relative  to  a  proposed  addi- 
tional water  supply  for  the  town,  the  sources  proposed  being 
the  head-waters  of  Ten-mile  River,  and  driven  wells  to  be 
located  near  the  present  pumping  station.  The  Board  replied 
as  follows :  — 

Deo.  20,  1S94. 

The  sources  referred  to  are,  first,  the  head  waters  of  Ten-mile 
River  in  the  southerly  part  of  the  town  of  Wrentham,  at  a  point 
JQst  above  the  Walpole  and  Wrentham  branch  of  the  New  York, 
New  Haven  &  Hartford  Railroad ;  and,  second,  a  supplementary 
supply  of  ground  water  to  be  obtained  by  driven  wells  in  the  pres- 
ent pumping  station  lot. 

In  the  report  of  your  engineer  are  given  the  results  of  tests  made 
bj  driving  wells  in  the  vicinity  of  the  present  pumping  station, 
and  measurements  of  the  volume  of  water  flowing  in  the  Ten-mile 
River  at  various  points  above  the  pumping  station.  His  report 
also  indicates  how  a  supply  of  water  may  be  furnished  to  the 
inhabitants  of  the  village  of  Plainville  in  the  town  of  Wrentham, 
from  the  works  of  the  town  of  North  Attleborough. 

The  State  Board  of  Health  has  caused  an  examination  to  be 
made,  by  one  of  its  engineers,  of  the  water-shed  of  the  Ten-mile 
River,  near  and  above  the  present  pumping  station,  and  of  the 
material  taken  from  your  test  wells  near  the  pumping  station  at 
various  depths  below  the  surface  of  the  ground.  It  has  also  caused 
analyses  to  be  made  of  samples  of  water  collected  by  your  engi- 
neer from  some  of  the  test  wells,  and  from  the  Ten-mile  River 
above  the  point  from  which  it  is  proposed  to  take  an  additional 
water  dupply. 

These  analyses  show  that  the  water  taken  from  some  of  the 
test  wells  contains  sufficient  iron  to  make  the  water  unsuitable  for 
laundry  and  some  other  purposes,  while  the  water  from  others  is 
of  good  quality,  and  similar  in  character  to  that  obtained  from  the 
well  from  which  the  supply  of  the  town  is  now  taken. 
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The  analyses  of  samples  taken  from  the  river  show  that  the 
water  is  naturally  of  excellent  quality  for  a  surface  water ;  but  in 
the  case  of  water  taken  from  a  running  stream  an  analysis  cannot 
show  that  the  water  is  safe  for  drinking.  This  depends  upon  the 
absence  of  infectious  matter  such  as  might  get  into  a  stream  if 
any  sewage  whatever  were  turned  into  it.  The  examination  of  the 
territory  above  the  proposed  point  of  taking  water  from  the  river 
indicated  that  no  sewage  now  enters  this  stream ;  and  it  is  essen- 
tial, if  water  is  taken  directly  from  the  river  without  filtration  or 
storage  in  a  large  reservoir,  that  this  freedom  from  pollution  should 
continue  in  the.  future. 

The  gaugings  of  the  flow  of  the  Ten-mile  River  near  the  point 
at  which  it  is  proposed  to  take  the  water,  taken  in  connection  with 
the  size  of  the  water-shed  above  this  point,  indicate  that  a  suffi- 
cient quantity  of  water  can  be  obtained  from  the  river  to  warrant 
the  construction  of  works  for  supplying  water  to  the  town  of  North 
Attleborough,  or  jointly  to  the  town  of  North  Attleborough  and 
the  village  of  Plainville. 

It  is  probable  that  a  limited  additional  supply  of  water  of  satis- 
factory quality  can  be  obtained  from  the  ground  in  the  vicinity  of 
the  present  well  by  some  suitable  extension  of  the  collecting  works, 
taking  care  that  they  do  not  extend  into  the  territory  which  fur- 
nishes the  water  containing  an  excess  of  iron. 

The  Board,  therefore,  advises  that  the  Ten-mile  River  at  the 
point  above  indicated  is  a  suitable  source  from  which  to  obtain 
the  next  addition  to  the  water  supply  of  the  town  of  North 
Attleborough. 

Norton.  An  application  was  received  Dec.  6, 1894,  from 
A.  H.  Sweet  and  other  petitionee  of  the  town  of  Norton  for 
the  advice  of  the  Board  relative  to  the  propriety  of  taking 
a  public  water  supply  from  certain  sources  within  the  town, 
or  from  the  works  of  the  adjoining  towns  of  Attleborough 
or  Mansfield.     The  Board  replied  as  follows :  — 

Jan.  3,  1895. 

The  State  Board  of  Health  received  from  you  a  communication 
dated  Dec.  3,  1894,  in  which  you  state  that  you  represent  certain 
petitioners  to  the  Legislature,  who  respectfully  request  that  a  fire 
district,  to  be  established  in  the  town  of  Norton,  be  authorized  to 
provide  a  water  supply  for  itself  and  the  inhabitants  of  said  town 
for  the  extinguishment  of  fires  and  for  domestic  and  other  pur- 
poses ;  and  they  further  request  that  the  fire  district  may  be  em- 
powered to  take  any  source  of  water  supply  within  the  town  of 
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Norton,  or  to  obtain  a  supply  from  the  town  of  Attleborough. 
In  jour  communication  you  also  refer  to  the  possibility  of  obtain- 
ing a  supply  of  water  from  the  present  works  of  the  Mansfield 
water  supply  district. 

Of  the  possible  sources  within  the  limits  of  the  town,  you  men- 
tion driven  wells  near  the  factory  of  A.  H.  Sweet,  wells  or  filter 
galleries  near  the  Wading  River,  just  above  the  main  road  from 
Norton  Center  to  Attleborough,  and  wells  or  a  filter  gallery  near 
the  mill  pond  of  G.  H.  Talbot.  You  also  refer  to  the  possibility 
of  taking  water  directly  from  the  Wading  River  at  the  point  before 
indicated,  and  state  that  under  any  of  these  plans  it  is  probable 
that  a  connection  would  be  made  with  pumps  located  at  G.  H. 
Talbot's  mill  for  taking  a  fire  suppl}'  directly  from  his  mill  pond. 

Tests  of  the  ground  have  been  made  at  only  one  of  the  ground 
water  sources  mentioned,  namely,  that  near  the  factory  of  A.  H. 
Sweet.  At  this  place  two  wells  were  driven,  under  the  direction 
of  your  engineer,  and  samples  of  water  collected  from  them  by 
him  have  been  analyzed  by  this  Board,  and  the  water  was  found 
to  contain  so  large  a  quantity  of  iron  that  it  would  be  unsuitable 
for  laundry  purposes,  and  in  other  respects  an  unsatisfactory  water 
for  the  purposes  of  a  public  water  supply. 

With  regard  to  the  other  ground-water  sources,  which  in  the 
absence  of  tests  by  driven  wells  could  only  be  examined  super- 
ficially, it  may  be  stated  that  the  conditions  appeared  to  be  more 
favorable  for  obtaining  such  a  supply  near  the  Wading  River  than 
near  Talbot's  mill  pond. 

Samples  of  water  from  the  Wading  River  at  the  point  before 
indicated  and  from  Talbot's  mill  pond  on  the  Rumford  River  have 
been  analyzed,  and  the  analyses  of  the  two  waters  differ  but  little. 
Both  have  the  brownish  color  which  water  acquires  from  contact 
with  vegetable  matter  in  swamps  or  very  shallow  ponds.  The 
Wading  River  has  a  comparatively  small  population  upon  its  water- 
shed, while  the  Rumford  River  i-eceives  the  drainage  of  the  town 
of  Mansfield  and  a  large  part  of  the  town  of  Foxborough.  Neither 
of  these  streams  would  furnish  a  wholly  satisfactoi^  water  supply  if 
the  water  were  taken  directly  from  them  ;  and  the  Board  therefore 
advises  you  to  make  further  investigations,  with  a  view  to  obtain- 

• 

ing  a  satisfactory  ground-water  supply,  unless  you  can  an-ange  to 
obtain  water  from  the  present  works  of  either  Attleborough  or 
Mansfield.  The  Board  has  made  many  analyses  of  the  water  now 
supplied  to  these  places,  and  in  both  cases  the  water  is  of  excel- 
lent quality,  and  the  quantity  is  probably  sufficient  to  enalde  these 
places  to  supply  the  inhabitants  of  Norton  for  many  years. 
The  Board  will  advise  you  further,  if  so  requested,  with  regard 
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to  the  sources  from  which  the  Norton  fire  district  may  obtain  an 
independent  supply,  when  you  or  the  district  have  more  definite 
information  to  present  with  regard  to  the  possible  sources. 

QuiNCY.  An  application  was  received  Nov.  3,  1894,  from 
the  city  of  Quincy,  for  the  advice  of  the  Board  relative  to  a 
proposed  increase  of  the  water  supply  of  the  city  by  the  con- 
struction of  a  new  storage  reservoir  and  the  diversion  of  the 
water  of  Blue  Hill  River.     The  Board  replied  as  follows :  — 

Jam.  3,  189*5. 

The  State  Board  of  Health  received  from  you  on  Nov.  3,  1894, 
an  application  for  its  advice  with  regard  to  a  proposed  additional 
water  supply  for  the  city  of  Quincy.  This  application  was  accom- 
panied by  a  plan  and  report,  outlining  a  proposed  scheme  for 
increasing  the  quantity  of  water  supplied  to  the  city  by  the  con- 
struction of  a  new  storage  reservoir  near  the  existing  one,  and  by 
diverting  into  the  existing  and  proposed  reservoh's  the  waters  of 
the  Blue  Hill  River. 

The  plan  and  report  also  provide  for  protecting  and  improving 
the  quality  of  the  present  water  supply  by  taking  land  adjacent  to 
the  brook  which  feeds  the  reservoir,  thereby  making  it  possible 
for  the  city  to  abolish  piggeries,  and  to  drain  the  swamps  and 
meadows  so  that  they  will  not  impart  color  and  taste  to  the  water. 
In  connection  with  the.  new  reservoir  it  is  proposed  to  lay  a  second 
main  pipe  to  the  existing  pumping  station. 

The  plans  submitted  are  in  the  nature  of  outlines,  which  give 
the  capacity  of  the  proposed  storage  reservoir  and  the  area  of  the 
water-shed  feeding  it,  but  do  not  give  estimates  of  cost,  nor  tests 
of  the  ground  where  the  dam  of  the  proposed  reservoir  is  to  be 
built,  to  serve  as  a  basis  for  determining  the  feasibility  of  con- 
structing a  tight  and  safe  dam  at  this  place. 

With  a  view  to  ascertaining  whether  an  additional  supply  is 
needed  at  the  present  time,  the  capacity  of  the  present  sources  in 
a  very  dry  year,  such  as  should  be  used  in  estimating  the  safe 
capacity  of  a  water  supply,  was  estimated,  as  well  as  the  probable 
consumption  of  water  for  the  next  few  years ;  and  it  was  found 
that  the  consumption  in  1895  would  be  likely  to  exceed  the  capacity 
of  the  present  works  in  a  very  dry  year.  As  the  population  of 
Quincy  is  increasing  rapidly  and  the  consumption  of  water  still 
more  rapidly,  there  is  no  question  that  a  further  supply  for  the  city 
should  be  provided  at  once  :  but  a  further  study  was  required,  in 
order  to  decide  whether  the  works  for  furnishing  this  supply  should 
be  of  a  permanent  or  temporary  character. 
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As  you  are  aware,  the  State  Board  of  Health  has  been  making 
investigations,  for  the  past  year  and  a  half,  for  an  additional  water 
sapply  for  the  city  of  Boston  and  the  suburban  cities  and  towns 
within  ten  miles  of  the  State  House,  and  is  to  report  the  results  of 
its  investigations  to  the  Legislature  of  1895.  The  city  of  Quincy 
may,  therefore,  consider  the  question  of  obtaining  its  future  water 
sapply  eitiier  from  independent  works  to  be  constructed  by  the 
city  or  from  the  larger  works  to  be  provided  for  the  supply  of  the 
metropolitan  district ;  and  a  decision  as  to  whether  the  works  to 
be  built  now  for  increasing  the  water  supply  of  Quincy  ought  to  be 
of  a  permanent  or  temporary  nature,  may  depend  upon  whether 
it  is  for  the  interests  of  the  city  to  obtain  its  water  supply  inde- 
pendently, or  in  connection  with  the  other  cities  and  towns  in  the 
metropolitan  district. 

In  order  to  determine  this  point  as  well  as  it  is  practicable  to  do 
so  without  more  definite  information  than  is  now  available,  a  plan 
was  outlined  for  utilizing  as  fully  as  possible  the  present  water- 
shed, the  water-shed  of  the  Blue  Hill  River  and  the  small  water-shed 
(n'batary  to  the  proposed  reservoir,  and  the  quantity  of  water  to 
be  obtained  by  this  plan  and  the  approximate  cost  of  works  were 
estimated. 

It  was  found  that  by  the  construction  of  the  proposed  reservoir 
and  the  diversion  into  it  and  the  existing  reservoir  of  the  waters 
of  the  Blue  Hill  River  at  a  point  below  the  outlet  from  Great  Pond, 
the  supply  would  be  so  increased  as  to  meet,  in  the  driest  year,  the 
requirements  of  the  city  until  1905.  To  prevent  a  deficiency  after 
that  year  it  would  be  necessary  to  construct  a  large  re8er\'oir  toward 
the  upper  end  of  Blue  Hill  River,  by  building  a  dam  across  it  not 
far  above  where  the  river  is  crossed  by  the  Taunton  turnpike. 

With  regard  to  this  reservoir,  Percy  N.  Blake,  C.E.,  reported  in 
1890  that  it  would  cover  an  area  of  400  acres,  and  have  a  capacity  of 
1,400,000,000  gallons.  By  its  addition  the  supply  would  be  largely 
increased,  so  that  it  is  estimated  that  it  would  meet  the  require- 
ments of  the  city  until  1921. 

The  construction  of  this  reservoir  would  develop  these  sources 
to  the  highest  practicable  limit,  and  in  order  to  obtain  any  further 
supply  a  new  source  must  be  found.  It  may  be  added  that  a  gen- 
end  survey  of  the  sources  within  a  rea^nable  distance  of  Quincy 
did  not  disclose  any,  not  now  used  for  water  supply  purposes  by 
some  other  city  or  town,  which  would  furnish  any  large  quantity 
of  good  water. 

The  quality  of  the  water  of  the  Blue  Hill  River  is  not  very  differ- 
ent from  that  furnished  by  the  present  sources ;  but  the  water  of 
both  sources  could  be  greatly  improved  by  the  drainage  of  the 
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swamps  and  the  removal  of  the  soil  and  vegetable  matter  from  the 
bottom  and  sides  of  the  storage  resen^oirs. 

The  sources  which  the  State  Board  of  Health  now  has  in  view 
for  the  water  supply  of  the  metropolitan  district  will  furnish  a  large 
quantity  of  water,  and  can  be  supplemented  from  time  to  time  at  a 
reasonable  cost  by  the  addition  of  other  sources,  so  that  the  supply 
will  be  ample  for  a  very  long  time  in  the  future.  The  quality  of 
the  water  of  the  proposed  sources,  as  it  now  flows  in  the  streams, 
is  very  good  ;  and  it  is  proposed  to  improve  it  by  the  drainage  of 
swamps  and  the  construction  of  very  large,  well-cleaned  reservoirs, 
so  that  it  will  be  better  than  any  water  which  Quincy  can  obtain 
from  independent  works,  even  if  Quincy  should  improve  the  quality 
of  its  water  by  the  methods  already  indicated. 

There  still  remains  to  be  considered  the  relative  cost  of  tliese 
two  methods  of  obtaining  a  water  supply ;  in  the  case  of  the  met- 
ropolitan system  the  total  cost  is  quite  well  known,  although  the 
method  of  apportioning  the  cost  to  the  different  cities  and  towns  is 
not.  In  the  case  of  the  independent  system  of  works  no  estimates 
of  cost  have  been  furnished  by  you,  and  the  engineers  of  this 
Board  have  had  to  make  the  best  estimates  that  they  could,  under 
the  circumstances,  of  the  various  items  of  work  required  for  the 
full  development  of  this  system.  If  it  is  assumed  for  the  present 
purpose  that  the  cost  of  the  metropolitan  supply  will  be  divided  in 
direct  proportion  to  the  number  of  inhabitants  in  the  various  cities 
and  towns,  it  is  found  that  the  yearly  cost  to  Quincy  for  obtaining 
its  water  from  the  metropolitan  supply  will  not  be  more  than  two- 
thirds  as  much  as  for  obtaining  it  from  independent  works. 

The  opinion  of  the  Board,  therefore,  based  upon  the  information 
which  is  now  available,  is  that  it  is  decidedly  for  the  interests  of 
the  city  of  Quincy  to  become  a  part  of  the  metropolitan  water 
supply  district,  rather  than  to  attempt  to  obtain  a  permanent  sup- 
ply by  independent  action ;  and  the  Board  advises  that  you  should 
proceed  to  obtain  a  supply  of  water  for  the  next  few  years  by 
means  of  works  of  a  temporally  character,  rather  than  to  build 
expensive  permanent  works,  which  will  have  little  value  in  the 
future  if  you  should  obtain  your  supply  from  the  metropolitan 
system. 

Two  plans  for  temporarily lincreasing  the  supply  are  suggested  :  — 

The  first  proposes  the  utilization  of  the  water  which  filters  from 
the  existing  reservoir  and  is  wasted,  and  the  water  which  flows 
down  the  small  brook  upon  which  the  proposed  reservoir  is  located. 
These  waters  could  be  diverted  into  a  small  open  basin,  to  be  dug 
some  distance  below  the  dam,  and  pumped  from  this  basin  back 
into  the  reser\'oir,  from  the  time  in  the  early  summer  when  the 
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reservoir  stops  overflowing  until  the  season  is  so  far  advanced  that 
it  becomes  evident  that  there  will  be  no  shortage  of  water  during 
the  year.  This  plan  of  pumping  back  into  the  reservoir,  rather 
than  directly  into  the  pipe  leading  to  the  existing  pumping  station, 
is  suggested  because  the  water  filtering  past  the  dam  of  the  reser- 
voir contains  so  much  iron  that  it  would  be  objectionable  if  pumped 
directly  to  the  city,  and  this  iron  would  disappear  by  sedimentation 
if  the  water  were  pumped  back  into  the  reservoir  at  a  point  not  too 
near  the  gate  house. 

The  second  plan  proposes  supplementing  the  present  supply  by 
taking  water  from  the  Blue  Hill  River,  either  by  diverting  the 
water  by  gitivity  through  an  open  channel  or  by  a  pipe,  —  as  pro- 
posed in  the  permanent  plan  for  taking  water  from  this  river,  —  or 
by  the  erection  of  a  temporai*y  pumping  station  at  the  point  where 
the  river  approaches  nearest  to  the  existing  reservoir. 

For  such  temporary  works  for  taking  water  as  are  here  proposed 
it  will  probably  be  cheaper  to  lease  land  than  to  buy  it,  and  to 
wrange  with  the  mill  owners  upon  the  river  for  the  temporary 
diversion  of  the  water  rather  than  to  make  a  permanent  taking. 

Of  the  two  plans  proposed,  the  first  would  be  the  cheaper  one, 
and  woald  probably  supply  sufficient  water  to  prevent  a  shortage 
in  a  moderately  dry  year  for  the  next  three  years,  but  might  fail 
if  an  extremely  dry  year  should  occur  within  that  time.  The  sec- 
ond plan  has  the  advantage  that  it  would  furnish  a  more  abundant 
and  certain  supply.  If  the  first  plan  were  adopted,  and  it  should 
be  found  inadequate,  it  might  still  be  feasible  to  resort  to  the 
second. 

Other  methods  of  obtaining  a  temporary  additional  supply  may 
suggest  themselves  to  you,  such  as,  for  instance,  the  purchase  of 
water  from  the  town  of  Braintree,  if  it  should  decide  to  increase 
its  supply  by  taking  water  from  Great  Pond. 

SwAMPScoTT.  The  Marblehead  Water  Company,  supply- 
ing water  to  the  towns  of  Swampscott  and  Nahant,  applied 
to  the  Board  July  9,  1894,  requesting  the  Board  to  give  its 
opinion  upon  the  desirability  of  taking  the  water  of  Floating 
Bridge  Pond  in  Lynn  as  a  source  of  public  water  supply. 
The  Board  replied  as  follows :  — 

Aug.  8,  1894. 

In  compliance  with  your  request,  dated  July  9,  1894,  that  the 
State  Board  of  Health  should  examine  the  water  of  Floating  Bridge 
Fond,  also  known  as  Glenmere  Lake,  in  the  city  of  Lynn,  with 
reference  to  its  use  for  domestic  purposes,  the  Board  has  caused 
the  water  to  be  examined  chemically  and  microscopically,  and  has 
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had  the  pond  and  its  surroundings  examined  by  one  of  its  en- 
gineers. 

As  a  result  of  these  examinations,  the  Board  is  of  the  opinion 
that  the  water  of  this  pond  is  not  of  suitable  quality  for  domestic 
use.  The  principal  objection  to  the  water  at  the  present  time  is 
that  it  contains  a  very  large  number  of  microscopic  organisms, 
which  give  the  water  a  greenish  turbidity  and  a  disagreeable  odor 
and  make  it  unpalatable.  The  pond  is  also  exposed  to  pollution 
at  the  present  time  from  the  population  in  its  immediate  vicinity, 
and  this  population  is  likely  to  increase  rapidly  in  the  future,  owing 
to  the  proximity  of  the  pond  to  the  thickly  settled  portions  of  the 
city  of  Lynn. 

Copies  of  the  chemical  and  microscopical  analyses  are  enclosed 
herewith. 

Wareham,  Onset  Water  Company.  An  application  was 
received  May  17,  1894,  from  the  Onset  Water  Company,  for 
the  advice  of  the  Board  relative  to  taking  a  water  supply 
from  Jonathan's  Pond  as  a  supply  for  Onset,  a  summer 
resort  in  Wareham.     The  Board  replied  as  follows :  — 

JuNB  9,  1894. 

The  Board  has  caused  an  examination  of  this  pond  and  an  analy- 
sis of  its  water  to  be  made,  and  finds  that  the  water  is  very  soft,  and 
of  excellent  quality  for  all  the  purposes  of  a  public  water  supply. 

The  limits  of  the  territory  which  contributes  to  the  supply  of  the 
pond,  either  by  direct  flow  over  the  surface  or  by  filtration  under 
ground  through  the  sandy  territory  in  which  the  pond  is  situated, 
are  not  well  defined ;  and  it  is  not,  therefore,  practicable  to  deter- 
mine at  all  definitely  the  quantity  of  water  which  this  source  will 
furnish.  It  seems  probable,  however,  that  it  will  furnish  the  water 
required  for  the  portion  of  the  town  of  Wareham  which  the  com- 
pany is  authorized  to  supply  from  it. 

Watertown.  The  Watertown  Water  Supply  Company 
applied  to  the  Board  April  19,  1893,  for  its  advice  relative 
to  certain  proposed  plans  for  filtering  the  public  water  sup- 
ply of  the  town.  To  this  application  the  Board  replied  as 
follows :  — 

Feb.  3,  1894. 

The  State  Board  of  Health  received  from  you  on  April  20, 1893, 
an  application  asking  its  advice  with  regard  to  certain  proposed 
plans  for  filtering  water,  to  be  used  in  connection  with  your  works 
for  supplying  water  to  the  towns  of  Watertown  and  Belmont. 
This  application  received  the  attention  of  the  experts  of  the  Board 
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soon  after  it  was  submitted,  but  owing  to  the  fact  that  you  were 
making  investigations  with  regard  to  a  further  supply  during  nearly 
the  whole  of  the  summer,  and  the  time  required  to  determine  the 
probable  effect  of  filtration  upon  the  water  which  you  found  as  a 
resolt  of  these  investigations,  the  Board  has  not  been  prepared  to 
reply  until  the  present  time. 

You  have  found  by  your  examinations  a  location  where  you  can 
pump  water  from  the  ground  near  the  Charles  River  to  supplement 
the  supply  obtained  from  your  filter  gallery.  This  water  has  been 
exammedby  the  Board,  and,  while  it  contains  iron  and  manganese, 
and  does  not  show  the.  high  degree  of  chemical  purification  which 
water  attains  when  it  filters  a  sufficient  distance  through  the  ground 
under  favorable  circumstances,  it  is  nevertheless  very  nearly  free 
from  bacteria,  while  the  river  water  contains  a  very  large  number, 
thus  showing  that  the  water  is  rendered  very  nearly  pure,  bacteri- 
ally,  by  its  filtration  through  the  ground. 

Upon  farther  examination  it  was  found  that  the  color  was  due  to 
the  presence  of  organic  matter  which  held  the  iron  in  solution, 
and  would  not  permit  it  to  be  removed  by  aeration  and  subsequent 
Bedimentation,  or  by  rapid  filtration  without  the  use  of  some  chemi- 
cal  Upon  treating  the  water  with  aluminum  hydrate  or  aluminum 
sulphate,  it  was  found  that  the  color,  and  with  it  nearly  all  of  the  iron 
and  some  of  the  manganese,  could  be  removed,  either  by  precipita- 
tion, if  the  water  was  allowed  to  stand  long  enough,  or  by  filtration. 
Some  samples  of  this  water  were  also  collected  by  Professor  Car- 
michael  on  Nov.  17,  1893,  who,  after  treating  it  with  crude  alumi- 
num salphate,  filtered  it  through  an  experimental  filter,  constructed 
so  as  to  imitate  as  nearly  as  practicable  upon  a  small  scale  the 
Warren  filter,  and  sent  the  filtrate  to  the  chemist  of  this  Board. 
Our  chemist  did  not  have  a  sample  of  water  collected  from  the 
wells  at  the  same  time  that  the  sample  was  collected  for  filtration  ; 
but,  by  making  a  comparison  between  the  filtrate  and  the  unfiltered 
water  collected  from  the  wells  nearly  a  month  earlier,  it  was  found 
that  the  addition  of  the  aluminum  sulphate  and  subsequent  filtra- 
tion had  removed  nearly  all  the  color,  iron  and  alumina  originally 
in  the  water,  and  about  one-third  of  the  manganese,  leaving  .1656 
of  a  part  of  oxide  of  manganese  per  100,000,  or  .1  grain  per  gal- 
lon ;  and  that  it  had  added  to  the  water  rather  more  than  one  aud 
one-half  parts  per  100,000  of  sulphuric  acid.     This  sulphuric  acid 
is  not  a  desirable  addition,  and,  in  combination  with  the  lime  origi- 
nally in  the  water,  would  make  the  water  to  this  extent  more 
objectionable  for  use  in  boilers,  but  the  treatment  would  make  the 
water  appear  better  to  water  consumers.    The  amount  of  aluminum 
sulphate  used  in  the  experimental  filtration  is  said  to  have  been 
two  and  one-half  grains  per  gallon. 
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The  advantages  of  the  proposed  filtration  do  not  appear  to  the 
Board  to  offset  the  possible  risks  to  the  health  of  the  community 
by  the  use  of  a  large  and  indefinite  amount  of  alum. 

Westborough  Lunatic  Hospital.  The  superintendent 
of  the  Westborough  Lunatic  Hospital  applied  to  the  Board 
Feb.  23,  1894,  asking  *'  whether,  in  the  opinion  of  the  Board, 
the  water  of  Chauncy  Pond  would  be  suital)le  for  drinking 
and  domestic  purposes  if  filtered.''  The  Board  replied  as 
follows :  — 

March  30,  1894. 

The  State  Board  of  Health  has  considered  your  request  as  to 
whether  the  water  of  Chauncy  Pond  would  he  suitable  for  drinking 
and  domestic  use  if  filtered,  and  would  state  that  it  is  a  somewhat 
difficult  matter  to  filter  a  water  of  this  character  in  such  a  manner 
as  to  render  it  both  wholesome  and  palatable  ;  and  the  Board  there- 
fore would  not  advise  the  adoption  of  this  method  of  obtaining  a 
water  supply  until  an  examination  made  by  some  competent  engi- 
neer had  shown  that  it  was  not  feasible  to  obtain  a  more  satisfac- 
tory supply  in  some  other  way. 

Should  you  wish  to  proceed  further  in  the  investigations  for  a 
water  supply,  the  Board  will  give  you  such  assistance  as  it  can  in 
the  matter. 

Westpobt,  Horse  Neck  Beach.  An  application  was 
received  Jan.  15,  1894,  from  Mr.  Thomas  B.  Tripp  of  New 
Bedford,  for  the  advice  of  the  Board  relative  to  introduc- 
ing a  water  supply  at  Horse  Neck  Beach  (a  summer  resort 
in  Westport).  The  Board  replied  to  this  application  as 
follows :  — 

Mat  3,  1894. 

The  State  Board  of  Health  received  from  you  on  Jan.  15,  1894, 
an  application  for  its  advice  with  regard  to  a  water  supply  for 
that  portion  of  Westport  known  as  Horse  Neck  Beach,  and  on 
April  23  it  received  from  you  and  had  analyzed  samples  of  water 
from  a  six-inch  tubular  well  sunk  in  the  bottom  of  an  old  well  on 
the  side  of  a  hill,  located  northerly  from  the  beach,  and  from  one 
of  several  small  springs  at  the  foot  of  the  hill. 

The  analysis  shows  the  water  supplying  the  tubular  well  to  have 
been  at  some  time  polluted,  probably  by  drainage  from  a  farmhouse 
above  the  well,  and  again  purified  to  a  considerable  extent  by  its 
passage  through  the  ground  to  the  well.  The  analysis  of  water 
from  the  spring  shows  only  slight  traces  of  previous  pollution,  and 
it  is  a  much  purer  and  softer  water  than  that  taken  from  the  well, 
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notwithstanding  the  fact  that  the  sample  contained  some  foreign 
matter,  owing  to  the  disturbance  of  the  bottom  caused  by  taking 
ibe  sample.  If  the  well  is  to  be  used  as  a  source  of  supply,  pro- 
vision should  be  made  for  diverting  the  drainage  from  the  farm- 
house  to  a  point  where  it  cannot  get  into  the  well ;  and  the  water 
of  the  well  should  be  analyzed  from  time  to  time,  in  order  to  deter- 
miDe  if  its  character  changes,  and  if  it  is  of  suitable  quality  for 
continued  use  as  a  drinking  water. 

It  is  not  feasible  to  predict  at  all  definitely  the  amount  of  water 
which  these  sources  will  furnish  in  dry  seasons.  A  larger  supply 
could  probably  be  obtained  from  the  springs,  by  excavating  a 
basin  of  suitable  size,  than  from  the  well;  but  both  of  these 
soorces  may  be  required  in  order  to  furnish  a  sufficient  supply  of 
water  for  the  inhabitants  of  the  beach,  and  it  would  be  well  to 
arraoge  the  works  so  that  the  water  could  be  taken  from  both 
sources.  If  a  basin  should  be  constructed  at  the  site  of  the  springs, 
it  should  be  so  arranged  as  to  exclude  all  surface  water  and  animal 
life,  and  should  be  covered  to  exclude  the  light. 

WrxcHENDON.  An  application  was  received  Feb.  6,  1894, 
from  the  committee  on  water  supply  of  the  town  of  Winchen- 
don,  for  the  advice  of  the  Board  relative  to  taking  the  water 
of  Upper  Naukeag  Pond  as  a  public  water  supply  for  Win- 
chendon.     The  Board  replied  as  follows :  — 

Feb.  17,  1894. 

The  question  of  taking  a  water  supply  for  Winchendon  from 
Upper  Xaukeag  Fond  was  brought  to  the  attention  of  the  Board  in 
1888  by  an  application  from  the  selectmen,  and  the  Board,  in  its 
reply  to  the  selectmen,  dated  July  3,  1888,  made  the  following 
statement  with  reference  to  this  pond  as  a  source  of  water 
supply :  — 

"The  Upper  Naukeag  Pond  will  evidently  furnish  a  sufficient 
qaantity  of  water  for  Winchendon  and  Ashburnham  for  a  long 
fotare.  Its  surroundings  appear  unusually  favorable  for  insuring 
&  very  good  quality  of  water,  and  chemical  examinations  show  an 
QDosaally  small  amount  of  impurity ;  but  a  peculiar  and  disagree- 
able odor  has  been  found  with  every  sample  tested,  which  grows 
more  disagreeable  the  longer  it  is  kept.  A  visit  to  the  pond  in 
Jane  and  an  examination  of  samples  from  many  parts  of  the  pond 
show  the  odor  to  be  in  all  parts  of  it.  The  cause  of  this  odor  has 
not  been  determined,  but  it  has  existed  during  the  past  four 
months,  and  is  so  marked  that  the  Board  does  not,  at  present, 
recommend  the  adoption  of  this  pond  as  the  source  of  supply." 
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It  will  be  observed  that  this  reply  was  favorable  in  respect  to  the 
quantity  of  water  to  be  obtained  from  this  pond,  and  was  unfavor- 
able in  regard  to  quality,  only  because  the  water  of  the  pond  had 
a  peculiar  and  disagreeable  odor  for  the  four  months  that  the 
water  of  the  pond  was  examined  before  the  reply  was  made.  The 
odor  disappeared  in  August,  1888,  and  was  again  noticed  in  a 
sample  collected  in  April,  1889.  Since  1889  samples  have  been 
taken  every  year,  as  follows :  two  in  August,  1889 ;  one  in  Sep- 
tember, 1891 ;  four  from  April  to  October,  1892 ;  and  three  from 
March  to  August,  1893.  In  none  of  the  samples  taken  since  April, 
1889,  has  there  been  any  recurrence  of  the  disagreeable  odor  noticed 
before  that  time ;  and  as  a  rule  there  has  been  no  odor  whatever, 
even  under  the  severe  tests  at  the  laboratory,  where  the  odor  is 
taken  immediately  after  agitating  water  which  has  stood  for  some 
time  in  a  closed  gallon  bottle.  It  may  therefore  be  said  that  the 
later  examinations  of  the  water  of  Upper  Naukeag  Pond  show  that 
the  odor  noticed  in  the  earlier  samples  does  not  recur  either  regu- 
larly or  at  frequent  intervals. 

The  extended  examinations  by  the  Board  of  the  water  supplies 
of  the  State  since  1887  have  shown  conditions  at  other  places 
somewhat  resembling  those  at  Upper  Naukeag  Pond.  The  water 
supplies  of  Plymouth,  Norwood  and  Hudson,  which  are  all  taken 
from  natural  ponds  that  usually  furnish  very  good  water,  were 
affected  in  1892  and  1893  by  growths  of  minute  organisms  which 
gave  the  water  an  unpleasant  taste  and  odor  at  about  the  same 
season  of  the  year  that  the  odor  was  so  noticeable  in  Upper 
Naukeag  Pond.  Water  was  introduced  into  Plymouth  in  1855, 
and  into  Norwood  and  Hudson  in  1885.  In  Plymouth  no  serious 
trouble  has  occurred,  except  at  very  rare  intervals.  In  Norwood 
and  Hudson  no  serious  trouble  was  experienced  until  the  years 
above  mentioned. 

In  view  of  the  later  experience  with  the  Upper  Naukeag  Pond 
and  the  general  experience  with  similar  pond  waters  in  other  places 
in  the  State,  the  Board  is  of  the  opinion  that  Upper  Naukeag  Pond 
will  furnish  a  water  generally  of  excellent  quality  for  all  the  pur- 
poses of  a  public  water  supply,  subject,  however,  in  common  with 
many  ponds  in  use  for  water  supplies,  to  occasional  seasons  when 
the  odor  is  disagreeable. 

Another  application  was  received  March  23,  1894,  from 
J.  H.  Fairbank,  chairman  of  the  water  committee  of  the 
town  of  Winchendon,  stating  that  the  committee  desired  to 
investigate  Nankeag  Pond  in  Ashbumham  and  sources 
within  the  town  of  Winchendon,  from  which  a  water  sup- 
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ply  might  be  obtained  from  bored  or  driven  wells,  and 
requesting  the  advice  of  the  Board  as  to  what  investiga- 
tions should  be  made  by  the  town  with  regard  to  finding  a 
suitable  supply  in  the  town  of  Winchendon.  The  Board 
replied  as  follows :  — 

Af&il  6,  1894. 

The  State  Board  of  Health  received  from  you  March  23,  1894, 
an  application  stating  that  you  desire  to  investigate,  as  sources  of 
supply  for  the  town.  Upper  Naukeag  Pond  in  the  town  of  Ash- 
baruham,  and  sources  within  the  town  of  Winchendon  from  which 
a  supply  may  be  obtained  from  bored  or  driven  wells,  or  by  some 
other  suitable  means ;  and  you  also  ask  the  advice  of  this  Board 
as  to  what  investigations  you  should  make  with  regard  to  finding 
a  suitable  supply  in  the  town  of  Winchendon.  You  make  the  fur- 
ther request  that  the  reply  be  made  as  promptly  as  possible,  so 
that  it  may  be  available  for  use  during  the  present  session  of  the 
Legislature. 

The  Board  has  already  considered  the  question  of  a  water  sup- 
ply for  the  town,  in  response  to  previous  applications  from  the 
town  authorities.  On  July  3,  1888,  in  response  to  an  application 
rektive  to  Upper  Naukeag  Pond  in  the  town  of  Ashbumham  as  a 
Boarce  of  water  supply  for  Winchendon,  the  Board  made  a  reply 
which  contained  the  following  statements  :  — 

"The  Upper  Nauke?^  Pond  will  evidently  supply  a  sufficient 
quantity  of  water  for  Winchendon  and  Ashbumham  for  a  long 
future.  Its  surroundings  appear  unusually  favorable  for  insuring 
a  very  good  quality  of  water,  and  chemical  examinations  show  an 
unusually  small  amount  of  impurity ;  but  a  peculiar  and  disagree- 
able odor  has  been  found  with  every  sample  tested,  which  grows 
more  disagreeable  the  longer  it  is  kept.  A  visit  to  the  pond  in 
Jane,  and  an  examination  of  samples  from  many  pai'ts  of  the  pond, 
show  the  odor  to  be  in  all  parts  of  it.  The  cause  of  this  odor  has 
not  been  determined,  but  it  has  existed  during  the  past  four 
months,  and  is  so  marked  that  the  Board  does  not,  at  present, 
reoommend  the  adoption  of  this  pond  as  a  source  of  supply ;  but 
does  recommend  that  the  town  employ  a  competent  engineer, 
skilled  in  this  kind  of  work,  to  make  the  necessary  investigations 
to  determine  if  an  abundant  and  unobjectionable  supply  cannot  be 
obtained  from  underground  sources  nearer  the  town." 

Since  1888  the  Board  has  caused  analyses  to  be  made  of  the 
water  of  Upper  Naukeag  Pond  from  time  to  time,  and  on  Feb.  17, 
1894,  in  response  to  a  second  application,  gave  its  views  as  to  the 
quality  of  the  water  which  Upper  Naukeag  Pond  would  furnish, 
the  reply  concluding  with  the  following  statement :  — 
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"  In  view  of  the  later  experience  with  the  Upper  Naukeag  Pond 
and  the  general  experience  with  similar  pond  waters  in  other  places 
in  the  State,  the  Board  is  oft  the  opinion  that  the  Upper  Naukeag 
Pond  will  furnish  a  water  generally  of  excellent  quality  for  all  the 
purposes  of  a  public  water  supply,  subject,  however,  in  common 
with  many  ponds  in  use  for  water  supplies,  to  occasional  seasons 
when  the  odor  is  disagreeable." 

AVith  its  present  information,  the  Board  believes  Upper  Naukeag 
Pond  to  be  an  appropriate  source  of  water  supply  for  the  town  of 
Wiuchendon,  unless  some  equally  good  or  better  supply  can  be 
found  nearer  the  town. 

The  Board  has  caused  an  examination  to  be  made  by  one  of  the 
engineers  of  possible  sources  of  supply  nearer  the  town,  and  finds 
that  there  are  three  which  it  is  desirable  to  investigate. 

The  first  of  these  sources  is  one  from  which  a  ground  water  sup- 
pl}'  may  possibly  be  obtained.  It  consists  of  low  land  bordering 
Miller's  River,  rather  more  than  a  mile  from  the  town,  and  near 
the  first  crossing  of  the  Cheshire  division  of  the  Fitchburg  Rail- 
road over  the  river. 

It  is  in  this  location  that  two  test  wells  were  driven,  and  the 
results  as  reported  are  unfavorable,  since  the  thickness  of  the 
water-bearing  stratum  of  gravel  in  one  case  was  only  about  six 
inches,  and  in  the  other  eighteen  inches.  These  wells  are  also  said 
to  have  been  driven  to  a  depth  of  only  eighteen  feet  in  one  case 
and  twenty-four  feet  in  the  other.  It  would  be  useless  to  attempt 
to  obtain  a  ground  water  supply  at  this  place,  unless  further  tests 
made  by  driving  wells  show  that  the  porous  material  extends  to  a 
depth  of  twenty-five  feet  or  more  below  the  surface  of  the  gix>und, 
and  is  much  thicker  than  is  indicated  by  the  tests  already  made. 
It  is  also  necessary  that  the  porous  material  should  extend  over  a 
considerable  area,  so  that  a  well  or  wells  at  this  place  would  draw 
water  from  a  considerable  distance,  and  there  would  be  enough 
water  stored  in  the  interstices  of  the  porous  ground  to  prevent 
a  deficiency  during  the  drier  portions  of  the  year. 

As  a  rule,  the  ground-water  supplies  of  the  State,  when  taken 
from  unpolluted  territory,  have  furnished  better  water  than  can  be 
obtained  from  any  surface  source ;  but  in  a  few  cases  the  water 
has  contained  iron,  which  has  rendered  it  less  palatable  and  has 
been  particularly  objectionable  for  laundry  use  on  account  of  the 
stain  imparted  to  white  clothes.  "Wbile  it  seems  probable  that  the 
water  if  obtained  in  sufficient  quantity  from  this  source  would  be 
of  good  quality,  there  is  some  uncertainty,  and  it  would  be  neces- 
sary to  determine  by  investigation  the  quality  as  well  as  the  quan- 
tity of  water  to  be  obtained. 
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The  second  sonrce  ia  the  groand  near  Miller's  River,  below  the 
village  of  Hydeville.  Judging  from  surface  indications,  the  con- 
ditions are  not  as  favorable  for  obtaining  a  ground-water  supply 
at  this  place  as  from  the  first  source,  though  it  is  possible  that  test 
wells  may  show  more  favorable  conditions  beneath  the  surface  than 
are  now  anticipated ;  and  it  may,  therefore,  be  desirable  to  make 
some  tests  by  driving  wells  at  this  place. 

In  considering  a  water  supply  from  this  source,  it  is  desirable 
also  to  have  the  territory  below  the  town  examined  with  reference 
to  the  purification  of  the  sewage  whenever  a  system  of  sewerage 
shall  be  adopted.  If  the  land  where  the  water  supply  would  be 
taken  is  the  only  available  land  for  sewage  filtration,  it  is  better 
that  the  water  supply  should  be  taken  from  some  other  source.  If, 
however,  there  are  other  places  where  the  sewage  could  be  filtered, 
it  will  only  be  necessary  to  consider  whether  there  will  be  an  extra 
cost  for  conveying  the  sewage  to  the  other  land. 

The  third  source  is  the  so-called  Stone  Lot,  supplemented  by 
water  from  Beaman  Brook  at  a  point  in  Massachusetts  near  the 
Cheshire  division  of  the  Fitchbnrg  Railroad.  This  plan  would 
involve  the  construction  of  a  storage  reservoir  upon  the  Stone  Lot 
and  a  pumping  station  at  Beaman  Brook  for  pumping  water  into 
tiie  reservoir.  It  is  probable  that  a  sufficient  supply  of  water  for 
the  town  could  be  obtained  by  this  plan,  provided  a  water-tight 
reservoir  having  the  capacity  stated  in  the  report  of  the  sub-com- 
mittee on  water  supply  in  1888,  namely,  48,000,000  gallons,  can 
he  constructed  upon  the  Stone  Lot.  There  is  no  reason  to  doubt 
that  the  small  portion  of  the  supply  which  would  come  directly 
from  the  Stone  Lot  would  be  of  good  quality.  The  water  of 
Beaman  Brook  has  not  yet  been  analyzed. 

The  tests  suggested  for  ascertaining  whether  a  sufficient  supply 
of  groand  water  can  be  obtained  should  be  made  under  the  direc- 
tion of  some  engineer  who  has  had  experience  in  similar  investiga- 
tions. If  the  supply  is  taken  from  the  ground,  the  distributing 
reservoir  to  which  it  is  pumped  should  be  covered  to  exclude  the 
light,  as  the  water  would  otherwise  deteriorate. 

The  Board  cannot  advise  more  definitely  with  regard  to  the  most 
appropriate  source  of  supply  for  the  town  until  it  receives  addi- 
tional information  from  you. 

Another  communication  was  received  from  the  water  com- 
mittee of  Winchendon,  dated  May  11,  1894,  relative  to 
certain  tests  which  had  been  made  in  the  Prentice  Meadow, 
80  called,  in  Winchendon,  with  the  object  of  obtaining  a 
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water-supply  for  the  town.     To  this  application  the  Board 
replied  as  follows :  — 

Avo.  3,  1894. 

The  State  Board  of  Health  received  from  you  a  communication 
dated  May  11,  1894,  relative  to  certain  examinations  which  had 
been  made  with  a  view  to  obtaioing  a  supply  of  water  from  the 
ground  bordering  upon  Miller's  Biver  at  a  place  locally  known  as 
Prentice  Meadow,  near  the  first  crossing  above  the  town  of  the 
Cheshire  division  of  the  Fitchburg  Bailroad  over  the  river.  With 
this  communication  you  forwarded  a  plan  showing  the  location  of 
driven  test  wells,  samples  of  the  material  penetrated  by  them 
taken  from  different  depths  below  the  surface  of  the  ground,  and 
a  statement  of  the  depths  of  the  various  wells  and  of  the  amount 
of  water  which  could  be  pumped  from  them  with  a  band  pump. 
On  June  26  you  furnished  similar  tnforjnation  and  samples  relating 
to  additional  wells  driven  in  the  vicinity  of  the  others. 

In  order  to  obtain  further  information  with  regard  to  this  source, 
the  locality  has  been  visited  by  one  of  the  engineers  of  the  Board, 
and  the  question  of  a  supply  from  this  place  has  been  carefully 
considered. 

A  sample  of  water  collected  and  forwarded  by  you  from  one  of 
the  test  wells  in  the  meadow  was  analyzed,  and  was  found  to  be 
of  excellent  quality.  This  is  probably  a  sample  of  water  perco* 
lating  from  the  high  land  back  of  the  meadow  toward  the  river, 
while  if  a  water  supply  were  to  be  taken  from  the  ground  at  this 
place  the  level  would  be  lowered  by  pumping  so  that  some  of  the 
water  would  come  by  filtration  from  the  river.  This  might  change 
the  ch^rracter  of  the  water  somewhat,  but  piobably  not  enough  to 
produce  any  marked  deterioration  of  the  quality,  provided  the 
water  were  taken  from  the  ground  at  a  distance  of  one  hundred  feet 
or  more  from  the  river. 

It  is  not  probable  that  enough  water  can  be  obtained  by  any 
well  or  group  of  wells  located  in  the  meadow,  where  most  of  the 
test  wells  were  driven,  to  supply  the  town  after  water  has  been 
generally  introduced. 

If  the  collecting  system  were  made  much  more  extensive  by 
extending  collecting  galleries  or  pipes  a  long  distance  up  and  down 
the  river  and  up  the  valley  of  the  brook  which  serves  as  an  outlet 
for  Lake  Martin,  a  larger  supply  of  water  might  be  obtained,  but  it 
seems  probable  that  the  supply  to  be  obtained  in  this  way  would 
be  exhausted  in  dry  seasons  before  the  works  had  been  in  opera- 
tion for  a  sufficient  length  of  time  to  warrant  the  adoption  of  this 
plan.    The  quality  of  water  to  be  obtained  by  this  plan  might  be 
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as  good  as  that  of  water  taken  from  the  ground  in  the  manner  first 
described ;  but  no  definite  statement  can  be  made  upon  this  point 
without  more  exact  information  as  to  the  character  of  the  ground 
into  wiiich  the  collecting  system  would  be  extended  by  this  second 
plan. 

There  is  still  another  plan  for  taking  water  from  this  locality 
which  has  been  considered ;  namely,  one  in  which,  in  addition  to 
the  collecting  works  just  described,  with  such  further  additions  as 
might  prove  necessary  for  carrying  out  the  plan,  water  would  be 
pumped  from  the  river,  to  be  distributed  upon  properly  prepared 
high  porous  land,  where  it  would  filter  into  the  ground,  to  be  inter- 
cepted subsequently  by  the  collecting  system  and  conveyed  to  the 
main  pomp  well  after  it  had  been  purified  by  filtration  through  the 
groand.  There  is  little  doubt  that  a  water  of  good  quality  could 
be  obtained  in  this  way,  although  much  would  depend  upon  the 
design  of  the  works  for  filtering  the  water,  and  the  care  taken  in 
the  operation  of  the  works  to  insure  the  filtration  of  all  of  the 
water  and  to  limit  the  quantity  filtered  through  any  portion  of  the 
ground  to  the  amount  which  it  could  thoroughly  purify. 

Taking  into  account  the  first  cost  of  this  complicated  system  of 
works,  the  yearly  cost  of  operating  them  in  such  a  way  as  to 
obta'm  a  suflScient  supply  of  good  water  and  the  uncertainty  as  to 
the  results  which  would  be  obtained,  it  does  not  seem  advisable 
to  adopt  this  plan,  when  you  may  obtain  from  Upper  Naukeag 
Pood,  by  a  simple  plan  and  probably  with  a  much  smaller  annual 
cost,  an  ample  supply  of  water  of  good  quality. 

The  Board,  in  its  reply,  dated  April  6, 1894,  to  a  previous  appli- 
cation made  by  you  selative  to  the  investigations  that  you  had  bet- 
ter make  with  regard  to  finding  a  suitable  water  supply  for  the 
town  of  Winchendon,  suggested,  in  addition  to  the  Upper  Naukeag 
Pond  plan,  that  yon  should  investigate  among  other  sources  the 
feasibility  of  taking  a  water  supply  from  the  Stone  Lot  source, 
sapplemented  by  water  from  Beaman  Brook.    You  have  sent  us 
from  this  brook  a  sample  of  water  collected  on  April  24,  1894, 
which  had  a  deep  brownish  color,  such  as  water  acquires  from  con- 
tact with  vegetable  matter  in  swampy  places.    As  far  as  can  be 
judged  from  the  analysis  of  a  single  sample  of  water,  this  source 
would  not  furnish  a  water  of  suflSciently  good  quality  to  make  it 
ao  appropriate  sonrce  of  water  supply  for  the  town. 

In  the  reply  already  referred  to,  the  Board  stated  that  with  the 
information  which  it  then  had  it  believed  '*  Upper  Naukeag  Pond 
to  be  an  appropriate  source  of  water  supply  for  the  town  of  Win- 
chendon, anless  some  equally  good  cr  better  source  can  be  found 
nearer  the  town."     The  information  which  you  have  furnished 
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regarding  the  Prentice  Meadow  source,  and  the  farther  informatiou 
now  available  regarding  the  quality  of  the  water  to  be  obtained 
from  the  Beaman  Brook  and  Stone  Lot  source,  do  not  indicate  that 
either  of  these  sources  will  furnish  an  equally  good  or  better  sup- 
ply of  water  than  can  be  obtained  from  Upper  Naukeag  Pond. 

With  its  present  information  the  Board  is  of  the  opinion  that 
Upper  Naukeag  Pond  is  the  most  appropriate  source  of  water  sup- 
ply for  the  town  of  Winchendon. 

A  further  communicatioa  was  received  from  the  water 
committee  of  Winchendon,  dated  Aug.  6,  1894,  asking  the 
Board,  ''  what,  in  their  opinion,  is  the  minimum  amount  of 
water  per  day  that  the  Prentice  Meadow  would  yield,  without 
pumping  from  the  river.'*    The  Board  replied  as  follows :  — 

Sept.  10,  1894. 

There  are  two  ways  in  which  the  quantity  of  water  to  be  obtained 
from  the  ground  in  any  given  locality  may  be  estimated.  One  is 
to  ascertain  the  results  obtained  at  other  places  somewhat  similarly 
situated,  and  to  use  these  results  as  a  basis  for  estimating  the 
quantity  of  water  to  be  obtained  from  the  proposed  source.  As 
no  two  cases  are  exactly  alike,  it  is  necessary  to  make  due  allow- 
ance for  differences  in  the  character  of  the  gtx>und,  the  size  of  the 
water-shed,  the  presence  or  absence  near  the  ground- water  source 
of  a  large  stream  or  body  of  water,  and  for  other  conditions  which 
may  affect  the  quantity  of  water. 

In  investigating  the  capacities  of  the  various  ground-water 
sources  in  Massachusetts,  it  is  very  noticeable  that  in  cases  where 
ledge  is  encountered  at  the  moderate  depth  at  which  it  was  found 
by  test  wells  in  a  large  part  of  the  Prentice  Meadow,  the  quantity 
of  water  obtainable  is  much  smaller  than  where  the  porous  material 
extends  to  a  much  greater  depth. 

There  are  eight  sources  in  Massachusetts  where  ledge  is  encoun- 
tered at  about  the  same  depth  beneath  the  surface  of  the  ground 
as  at  the  Prentice  Meadow.  According  to  the  best  information 
now  available,  the  capacity  of  these  sources  in  the  driest  years 
ranges  from  50,000  gallons  per  day  for  the  smallest  to  155,000 
gallons  per  day  for  the  largest.  In  some  of  these  cases  the  con- 
ditions apaiii  from  the  presence  of  the  ledge  are  decidedly  less 
favorable  than  at  the  Prentice  Meadow ;  so  that,  judging  by  the 
experience  in  other  places,  it  seems  probable  that  wells  at  the 
Prentice  Meadow  would  furnish  the  larger  rather  than  the  smaller 
quantity  obtainable  from  the  wells  referred  to. 
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The  8e6oDd  way  of  estimating  the  qnantity  of  water  to  be 
obtained  from  the  ground  takes  into  acconnt  the  area  of  water-shed 
tributary  to  the  location  of  the  well  or  wells,  the  amount  of  storage 
capacity  in  the  interstices  of  the  ground  which  may  be  made  avail- 
able by  the  lowering  of  the  water  in  the  ground  during  the  drier 
portions  of  the  year,  and  the  area  of  river  bottom  in  the  vicinity 
of  the  wells  from  which  water  may  percolate  into  the  ground  to 
replace  that  pumped  from  it.  Upon  this  basis  the  engineers  of  the 
Board  have  estimated  that  a  well  or  wells  in  the  Prentice  Meadow 
would  yield  during  the  driest  four  months  of  a  dry  year  about 
130,000  gallons  per  day. 

In  the  case  of  a  ground-water  supply  it  is  not  feasible  to  deter- 
mine the  qnantity  of  water  to  be  obtained  with  nearly  as  much 
accuracy  as  in  the  case  of  a  surface-water  supply,  because  the 
character  of  the  ground  from  which  the  water  is  to  be  drawn  is  not 
accurately  known,  even  after  as  extended  tests  as  you  have  made. 
While,  therefore,  the  Board  estimates  that  the  quantity  of  water  to 
be  obtained  from  a  well  or  group  of  wells  in  the  Prentice  Meadow 
would  be  from  100,000  to  200,000  gallons  per  day,  it  cannot  be  at 
all  definitely  stated  that  the  quantity  may  not  be  even  more  or  less 
than  these  figures. 

Sewerage  axd  Sewage  Disposal. 

The  following  is  the  substance  of  the  action  of  the  Board 
in  reply  to  applications  for  advice  relative  to  sewerage  and 
sewage  disposal :  — 

AxDovER.  An  application  was  received  from  the  sewer 
commissioners  of  Andover  Feb.  8,  1894,  for  the  advice  of 
the  Board  relative  to  certain  plans  of  sewage  disposal  for  that 
town.    To  this  application  the  Board  replied  as  follows :  — 

March  2,  1891. 
The  plan  accompanying  your  application  shows  a  system  of  pipe 
sewers  to  provide  for  the  sewerage  of  all  of  the  thickly  settled  por- 
tions of  the  town,  and  to  collect  the  whole  of  the  sewage  at  a  point 
on  Lowell  Street  east  of  the  Shawsheen  River.  From  this  point 
three  different  plans  are  referred  to  in  the  report  of  your  engineers, 
as  follows:  one  providing  for  the  discharge  of  the  sewage,  after  it 
has  been  passed  through  a  settling  tank,  into  the  Shawsheen  River, 
about  1,200  feet  below  Ix>well  Street;  another  for  conveying  the 
sewage  through  a  twenty-four  inch  pipe  from  Lowell  Street  to  the 
Merrimack  River  at  North  Andover ;  and  the  third  for  pumping 
the  sewage  to  filter  beds  located  north-westerly  from  Frye  Village. 
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Tou  state  in  your  application  that  yon  desire  to  adopt  the  first 
of  these  plans,  which  provides  for  an  oatlet  into  the  Shawsheen 
River ;  and  in  a  subsequent  communication  you  make  the  furtlier 
statement  that  it  is  proposed  in  the  beginning  to  build  sewers  for 
only  a  small  portion  of  the  town,  as  indicated  upon  an  accompany- 
ing plan. 

The  Board  has  not  sufficiently  investigated  the  plans  submitted 
to  enable  it  to  advise  as  to  the  best  method  for  the  permanent  dis- 
posal of  the  sewage  of  the  town,  although,  judging  from  the  report 
of  your  engineers,  it  seems  probable  that  it  will  be  best  to  discharge 
the  sewage  into  the  Merrimack  River. 

As  you  desire  a  prompt  answer  to  your  proposition  to  use  in  the 
beginning  an  outlet  into  the  Shawsheen  River,  about  1,200  feet 
below  Lowell  Street,  the  Board  has  carefully  considered  this  sub- 
ject, and  concludes  that  this  outlet  is  not  a  suitable  one  for  the 
sewage  of  the  central  portion  of  the  town,  or  for  as  large  a  popu- 
lation as  will  probably  be  connected  with  the  system  within  a  few 
years  after  the  works  are  first  operated. 

Concord.  The  committee  on  sewerage  of  the  town  of 
Concord  applied  to  the  Board  Nov.  20,  1894,  for  the  advice 
of  the  Board  upon  a  proposed  plan  of  sewerage  and  sewage 
disposal  for  that  town.     The  Board  replied  as  follows :  — 

Jan.  3,  1895. 

The  State  Board  of  Health  received  from  yon  a  communication 
dated  Nov.  20,  1894,  in  which  you  state  that  the  town  of  Concord 
passed  a  vote  April  2,  1894,  authorizing  you  **  to  apply  to  the  next 
General  Court  for  such  legislation  as  may  be  necessary  and  desir- 
able to  enable  the  town  to  construct  and  maintain  a  suitable  sys- 
tem of  sewerage  and  sewage  disposal  in  general  accordance  with 
the  report  of  the  committee  made  to  this  meeting ;  "  and  you  sub- 
mit with  your  communication  the  annual  report  of  the  town,  con- 
taining the  report  of  the  committee  on  sewerage  referred  to  in  the 
said  vote,  and  request  the  advice  and  recommendation  of  the  State 
Board  of  Health  in  the  premises. 

In  the  report  submitted  is  outlined  a  proposed  plan  for  the  sew- 
erage of  the  more  thickly  settled  parts  of  the  town  by  means  of  a 
system  of  pipe  sewers^ leading  to  a  pumping  station,  at  which  the 
sewage  will  be  forced  through  a  pipe  to  high  dry  land  and  there 
filtered  and  purified.  Judging  from  the  outline  presented,  the 
Board  believes  that  the  proposed  plan  is  to  be  commended  as  one 
well  adapted  to  the  needs  of  the  town  of  Concord,  but  can  advise 
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more  folly  after  the  more  definite  plans,  which  it  onderstands  are 
to  be  prepared,  are  presented. 

An  examination  of  the  land  pointed  out  by  yon  as  being  avail- 
able for  the  dispoaal  of  the  sewage  indicated  that  it  was  suitable 
for  this  purpose. 

The  Board  is  of  the  opinion  that  intermittent  filtration  through 
land  is  the  proper  method  of  disposing  of  the  sewage  of  your 
town. 

Haverhill.  An  application  was  received  from  the  mayor 
of  Haverhill  June  22,  1K94,  for  the  advice  of  the  Board  rela- 
tive to  a  proposed  sewerage  system  near  Lake  Saltonstall, 
the  question  being  whether  a  separate  or  combined  system 
of  sewerage  would  be  preferable,  under  the  circumstances, 
and  as  to  the  disposal  of  the  sewage  of  a  part  of  the  city 
near  Dostin  Square.     The  Board  replied  as  follows :  — 

Aro.  21,  18M. 

The  State  Board  of  Health  received  from  you  a  communication 
dated  Jane  22,  1894,  in  which  you  state  that  petitions  have  been 
presented  to  the  city  council  asking  for  a  sewerage  system  in  the 
viclnitj  of  Lake  Saltonstall,  one  of  your  sources  of  water  supply  ; 
and  joa  ask  the  opinion  of  the  Board  as  to  whether  the  separate 
or  combined  system  of  sewerage  is  preferable  under  the  circum- 
stances. You  also  ask  with  regard  to  the  disposal  of  the  sewage 
of  another  section  of  the  city  near  Dustin  Square,  suggesting  that 
it  may  require  the  separate  system,  with  filter  beds. 

The  State  Board  of  Health  has  caused  these  subjects  to  be  care- 
folly  considered  by  its  engineers.  It  finds  that  the  proposed  sys- 
tem in  the  vicinity  of  Lake  Saltonstall  is  intended  to  provide  for 
tbe  territory  bordering  upon  the  westerly  half  of  the  lake. 

In  order  that  there  may  be  no  misunderstanding  of  terms,  a 
"  combined  "  system  will  be  defined  as  one  in  which  the  sewage 
proper  and  the  storm  water  flowing  from  streets  and  other  surfaces 
durii^gtonns  are  conveyed  away  in  one  sewer,  while  a  "  separate" 
system  is  one  in  which  the  sewage  proper  is  carried  away  in  one 
conduit,  generally  a  pipe  of  moderate  size,  while  the  storm  water 
is  removed  by  a  much  larger  conduit.  Very  heavy  storms  furnish 
an  amount  of  water  very  many  times  as  great  as  the  amount  of 
sewage  proper;  so  that,  if  all  of  the  water  during  the  heaviest 
storms  is  to  be  conveyed  away  by  the  sewers  or  drains,  they  must 
be  very  large  as  compared  with  the  pipe  for  taking  sewage  only 
from  the  same  district.    It  is  consequently  customary,  wherever 
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practicable,  to  provide  an  overflow  for  the  discharge  of  the  surplus 
storm  water,  so  as  to  diminish  the  cost  of  the  works. 

This  practical  consideration  with  regard  to  the  size  of  the  con- 
duit for  carrying  the  storm  water  makes  the  question  of  the  length 
of  time  that  Lake  Saltonstall  will  be  used  as  a  source  of  water 
supply  an  important  one.  If  it  is  to  be  retained  as  a  source  of 
water  supply,  the  sewers  of  a  combined  system  should  be  large 
enough  to  take  the  water  flowing  off  during  the  heaviest  storms,  so 
that  there  will  be  no  ovei-flow  of  sewage  into  the  lake.  If  the  use 
of  the  lake  for  water-supply  purposes  should  be  discontinued,  the 
main  sewer  of  the  combined  system  might  be  a  little  smaller,  but 
it  should  still  be  large,  so  that  such  overflow  would  take  place  only 
at  very  rare  intervals.  If  the  separate  system  should  be  used,  the 
sewage  would  not  overflow  into  the  lake,  because  the  quantity 
would  not  increase  materially  during  rains,  and  the  storm  water  in 
a  separate  conduit  might  overflow  occasionally  without  doing  any 
serious  harm.  Consequently,  with  the  separate  system,  the  storm- 
water  conduit  from  Mill  Street  to  the  outlet  of  the  lake  might 
be  much  smaller  than  the  corresponding  sewer  of  the  combined 
system. 

There  is  a  third  solution  of  the  problem,  using  in  part  the  sepa- 
rate system  and  in  part  the  combined  system,  which  may  be  more 
satisfactory  than  either  of  the  others.  By  this  plan  the  separate 
system  would  be  used  to  bring  the  sewage  and  storm  water  from 
most  of  this  territory  to  the  low  point  in  Mill  Street  near  the 
westerly  end  of  the  lake,  and  from  this  point  the  sewer  along  the 
shore  of  the  lake  to  its  outlet  would  be  built  as  a  combined  sewer 
to  take  both  the  sewage  and  storm  water.  In  this  case,  however, 
the  combined  sewer  might  be  a  comparatively  small  one,  as  the 
surplus  storm  water  of  hea'V'y  storms  could  be  permitted  to  over- 
flow into  the  lake  before  entering  this  sewer.  By  this  plan  the 
sewers  down  to  the  low  point  on  Mill  Street  would  cost  more  than 
the  sewers  of  the  combined  system,  but  below  this  point  would 
cost  much  less. 

Any  one  of  the  three  plans,  if  designed  and  constructed  as  indi- 
cated, would  be  satisfactory  from  a  sanitary  point  of  view ;  and 
the  question  as  to  which  should  be  adopted  may  properly  depend 
upon  their  relative  cost,  which  your  engineer  has  better  opportuni- 
ties for  determining  than  the  engineers  of  this  Board. 

The  best  method  of  disposing  of  the  sewage  of  the  section  of 
the  city  near  Dustin  Square  has  been  considered  by  the  Board,  and 
after  making  examinations  with  regard  to  the  purification  of  the 
sewage  by  filtration  through  sand,  with  the  subsequent  discharge 
of  the  etUuent  from  the  filter  beds  into  Little  River,  it  has  con- 
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eluded  that  it  would  be  better  and  cheaper  to  convey  this  sewage 
to  the  Merrimack  River  through  an  extension  of  the  present  Hill- 
dale  Avenae  sewer  or  some  other  sewer  in  the  valley  of  Little 
River. 

Hudson*.  The  sewerage  committee  of  the  town  of  Hud- 
son applied  to  the  Board  March  24,  1894,  submitting  to  the 
Board  the  following  questions  relative  to  a  proposed  system 
of  sewerage  and  sewage  disposal  for  that  town  :  — 

1.  Will  the  town  be  permitted  to  drain  the  whole  or  a 
part  of  its  sewage  into  the  Assabet  River ;  and,  if  a  part, 
what  part? 

2.  What  is  the  best  location  for  its  filter  beds,  if  not  per- 
mitted to  drain  into  the  river? 

3.  If  filter  beds  should  be  necessary,  what  will  be  the  best 
practicable  method  of  constructing  them? 

To  these  inquiries  the  Board  replied  as  follows :  — 

Mat  8,  1894. 

"  1.  Will  the  town  be  permitted  to  drain  the  whole  or  a  part  of 
its  sewage  into  the  Assabet  River ;  and,  if  a  pait,  what  part  ? 

^^2.  What  is  the  best  location  for  its  filter  beds,  if  not  per- 
mitted t»  drain  into  this  river? 

'^  3.  If  filter  beds  should  be  necessary  what  will  be  the  best 
practicsable  method  of  constructing  them?" 

The  Board  has  carefully  considered  the  question  of  the  eflfect  of 
discharging  sewage  from  the  town  into  the  river,  and  is  of  the 
opinion  that  no  considerable  part  of  the  sewage  of  the  town  could 
be  discharged  into  the  stream  without  having  an  in  jnrious  effect ; 
and  it  is  desirable  that  a  system  should  be  adopted  which  would 
wholly  prevent  the  discharge  of  sewage  into  the  river. 

The  best  method  of  purifying  the  sewage  of  a  town  is  by  inter- 
mittent filtration  through  porous  sand  or  gravel,  where  such  mate- 
rial can  be  found  ;  and  the  examinations  indicate  that  such  mateiial, 
quite  favorably  located,  may  be  found  in  the  town  of  Hudson,  so 
that  this  is  the  best  method  for  adoption  in  your  case. 

With  regard  to  the  best  location  for  filter  beds,  it  is  not  feasible 
to  advise  definitely  without  further  knowledge  as  to  the  relative 
height  of  the  town  and  of  the  land  which  might  be  used  for  filtra- 
tion. There  is  land  on  both  sides  of  the  river,  about  a  mile  below 
the  town,  which  appeare  to  be  suitable  for  intermittent  filtration. 
This  land  is  located  on  the  easterly  side  of  the  first  road  which 
crosses  the  river  below  the  Massachusetts  Central  Railroad.    If 
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the  sewage  of  the  town  could  be  brought  by  gravity  to  this  locality, 
BO  that  it  would  be  six  or  eight  feet  above  ordinary  high  water  in 
the  river,  beds  might  be  prepared  at  this  level  upon  which  the 
sewage  could  be  filtered  ;  but  the  preparation  of  such  beds  would 
involve  considerable  expense  for  filling  and  underdrainage,  and  on 
account  of  this  expense  the  area  of  the  beds  might  be  more  limited 
than  would  be  desirable.  If,  however,  the  sewage  should  be 
pumped  to  higher  land,  there  would  be  a  greater  certainty  of  suc- 
cessful purification,  the  cost  of  preparing  the  beds  would  be  much 
smaller  and  there  would  be  an  ample  area  of  land  for  future 
extension. 

The  amount  of  land  which  should  be  prepared  for  filtration  in 
the  beginning  cannot  be  definitely  told  with  the  present  informa- 
tion, but  it  would  probably  be  between  four  and  eight  acres.  The 
amount  will  depend  upon  the  character  of  the  material  and  the 
height  of  the  land  above  the  ground  water,  both  of  which  can  be 
determined  by  digging  test  pits.  It  is  often  desirable,  where  land 
is  cheap  and  is  so  situated  that  it  can  be  prepared  for  sewage  filtra- 
tion at  a  comparatively  small  cost,  to  prepare  a  greater  area  of 
filter  beds  than  is  absolutely  necessary,  so  as  to  insure  the  purifi- 
cation of  the  sewage  at  all  seasons  of  the  year,  and  so  that  the 
surface  of  the  beds  may  be  less  liable  to  clog  than  if  a  large 
amount  of  sewage  was  deposited  upon  a  comparatively  small  area. 
Liberal  provision  should  be  made  for  future  wants  by  acquiring  in 
the  beginning  sufficient  land  upon  which  to  construct  additional 
filter  beds  from  time  to  time,  as  they  are  made  necessary  by  an 
increase  in  the  number  of  people  connected  with  the  sewers. 

The  town  of  Framingham  acquired  about  seventy  acres,  and 
prepared  about  twelve  acres  for  the  filtration  of  the  sewage  of 
South  Framingham.  This  has  proved  to  be  an  ample  area  for  dis- 
posing of  the  sewage,  but  the  town  has  recently  prepared  addi- 
tional beds,  with  a  view  to  raising  crops  upon  them.  The  whole 
of  the  town  of  Framingham  contained  9,239  inhabitants  in  1890. 

The  city  of  Marlborough  (population  in  1890,  13,805)  purchased 
about  sixty-three  acres,  and  prepared  11.3  acres  for  the  disposal 
of  sewage.  In  this  case  there  has  been  a  little  difficulty  in  dispos- 
ing of  the  sewage  in  very  cold  winters,  and  when  an  unusual 
amount  of  ground  water  found  its  way  into  the  sewere  in  the 
spring,  which  might  have  been  avoided  if  additional  land  had  been 
prepared  for  filtration.  It  is  probable  that  extensions  will  have  to 
be  made  before  long. 

In  both  of  these  cases  the  land  is  porous,  and  of  very  good 
quality  for  sewage  filtration. 

The  Board  will  advise  you  further  in  this  matter  when  you  have 
fui*ther  information  to  present. 
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Milton.  An  application  was  received  from  the  committee 
on  sewerage  of  Milton  May  2»  1894,  for  the  advice  of  the 
Board  relative  to  a  system  of  sewerage  for  that  town,  having 
outlets  into  the  Dorchester  intercepting  sewer  of  the  City 
of  Boston.  To  this  application  the  Board  replied  as  fol- 
lows :  — 

Sept.  26,  1894. 

The  main  features  of  the  proposed  plan,  as  indicated  hy  the 
written  description  and  the  plan  accompanying  your  application, 
are  systems  of  pipe  sewers  from  which  storm  water  is  to  be 
excluded,  for  collecting  the  sewage  of  the  town  and  conveying  it 
to  the  Dorchester  branch  of  the  main  sewerage  system  of  the  city 
of  Boston,  and  undeixlrains  beneath  nearly  all  of  the  sewers  for 
collecting  the  ground  water  and  conveying  it  to  the  Neponset  River. 

Upon  the  plan  three  sewer  districts  are  shown,  each  having  an 
independent  connection  with  the  Boston  sewer,  and  in  addition  to 
these  the  description  refers  to  a  fourth  district,  including  the  vil- 
lage of  Milton  Lower  Mills,  in  which  no  sewers  are  shown  upon 
the  plan,  but  which  is  now  partially  provided  with  sewers  which 
diflcharge  into  the  Neponset  River.  It  is  stated  that  the  system 
for  this  district  is  to  be  connected  with  the  Boston  sewer,  and  it  is 
also  stated  that  the  town  has  secured  the  consent  of  the  mayor  of 
Boston  to  this  method  of  disposing  of  the  sewage  of  Milton,  and 
that  he  has  named  a  price  per  year  for  such  disposal,  which  is  sat- 
isfactoiy  to  the  town  committee. 

The  Board  is  of  the  opinion  that  the  method  of  disposing  of  the 
sewage  of  Milton  by  discharging  it  into  the  main  sewerage  system 
of  the  city  of  Boston  is  the  best  that  can  be  adopted,  and  that  this 
method  should  be  made  to  apply  to  all  portions  of  the  town, 
incladlDg  the  village  of  Milton  Lower  Mills. 

The  engineers  of  the  Board  have  examined  in  a  general  way  the 
locations,  sizes  and  grades  of  the  main  sewers,  and  see  no  reason 
todoQbt  that  a  system  designed  substantially,  as  proposed,  if  con- 
structed with  care,  can  be  made  to  operate  in  a  satisfactory  man« 
ner.  Some  of  the  sewers  necessarily  have  a  low  grade,  and  will 
require  more  care  in  order  to  keep  them  clean  than  if  it  were  fea- 
sible to  give  them  a  higher  grade. 

The  amount  of  fall  from  the  end  of  the  fifteen-inch  sewer  in 
Granite  Avenue  on  the  Milton  side  of  the  Neponset  River  to  the 
Dorchester  intercepting  sewer  is  sufficient  to  render  operative  a 
properly  designed  inverted  siphon  across  the  Neponset  River  at 
this  place.  The  application  states  that  this  inverted  siphon  is  to 
consist  of  two  ten-inch  cast-iron  pipes,  so  arranged  that  one  will 
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take  the  ordinary  flow  and  the  other  the  surplus ;  and  the  sugges- 
tion has  since  been  made,  verbally,  that  the  diameter  of  these 
pipes  might  be  reduced  to  eight  inches.  It  is  desirable  that  at 
least  one  of  the  pipes  should  be  made  ten  inches  in  diameter,  and 
that  both  the  siphon  pipes  and  the  short  section  of  sewer  leading 
from  them  to  the  Dorchester  intercepting  sewer  should  be  placed 
low  enough  so  that  practically  the  whole  difference  in  level  be- 
tween the  sewage  in  the  sewer  on  the  Milton  side  of  the  Neponset 
River  and  in  the  Dorchester  intercepting  sewer  may  be  made  avail- 
able for  cleansing  the  siphon  pipes.  In  this  case,  as  in  the  case  of 
the  sewers  of  low  grade,  the  works  must  be  maintained  with  care 
in  order  to  insure  satisfactory  results. 

While  a  siphon  is  a  feature  not  to  be  included  in  a  sewerage  sys- 
tem where  it  can  be  readily  avoided,  there  seems  to  be  no  alterna- 
tive in  the  present  case  except  to  pump  the  sewage,  and  this  would 
cost  much  more  than  the  proper  maintenance  of  a  siphon. 

At  Central  Avenue  the  use  of  a  siphon  is  avoided,  as  the  plans 
provide  for  suspending  the  sewer  from  the  existing  bridge. 

In  regard  to  the  other  two  crossings,  no  opinion  will  be  given 
at  the  present  time,  because  for  the  one  at  Milton  Lower  Mills  no 
plans  have  been  submitted,  and  at  Mattapan  the  elevation  of  the 
proposed  extension  of  the  Dorchester  intercepting  sewer  has  not 
yet  been  determined. 

The  provision  for  removing  the  ground  water  by  means  of  drains 
laid  beneath  the  sewers  is  to  be  commended  both  on  account  of  the 
sanitary  benefits  to  be  derived  from  keeping  the  ground  thoroughly 
drained  and  because  of  the  smaller  amount  of  sewage  which  will 
be  discharged  into  the  Boston  system.  It  has  been  found  by  expe- 
rience that  where  there  are  no  underdrains  much  of  the  ground 
water  finds  its  way  into  the  sewers,  even  when  they  are  constructed 
with  much  care,  so  that  in  many  places  the  volume  flowing  in  the 
sewers  is  two  or  three  times  the  volume  of  sewage  proper.  As 
this  ground  water,  if  collected  in  separate  pipes,  can  be  discharged 
into  the  Neponset  River  without  doing  harm,  it  is  much  better  that 
it  should  be  disposed  of  in  this  way  than  by  turning  it  into  the 
Boston  system,  not  only  on  account  of  the  cost  of  pumping  the 
added  ground  water,  but  because  the  Boston  system  will  be  over- 
burdened and  require  duplication  much  sooner  if  care  is  not  taken 
to  prevent  the  entrance  of  ground  water  into  the  sewers  connected 
with  it. 

Experience  in  Framingham,  Newton  and  Brockton  has  shown 
that  it  is  feasible,  by  taking  suflicient  care  in  the  construction  of 
the  sewers  and  underdrains,  to  prevent  the  sewage  from  leaking 
into  these  drains  to  contaminate  the  ground  water,  and,  indirectly, 
the  streams  into  which  the  underdrains  dischars^e. 
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Nantucket.  The  sewer  commissioners  of  Nantucket  ap- 
plied to  the  Board  June  21 ,  1894,  for  its  advice  relative  to 
a  proposed  extension  of  the  Lily  Pond  Drain,  so-called,  to 
an  outlet  at  the  end  of  Brant  Point.  The  Board  replied  us 
follows :  — 

Sept.  10,  1894. 

The  State  Board  of  Health  has  carefully  considered  your  appli- 
cation, dated  June  21,  1894,  and  the  accompanying  plans  with 
regard  to  the  proposed  extension  of  the  Lily  Pond  drain  to  an  out- 
let about  twenty-eight  feet  beyond  mean  low-water  mark  at  the 
extreme  end  of  Brant  Point. 

The  plans  submitted  show  that  a  catch-basin  for  intercepting 
Bobstances  that  are  either  lighter  or  heavier  than  water  is  to  be 
built  upon  the  sewer  before  it  reaches  the  land  upon  which  the 
Brant  Point  lighthouse  is  situated. 

The  Board  has  considered  the  question  of  this  outlet  with  refer- 
ence to  the  quantity  of  sewage  which  now  flows  in  the  Lily  Pond 
drain,  and  is  of  the  opinion  that  the  discharge  of  this  amount  of 
sewage  at  the  proposed  outlet,  after  it  has  had  removed  from  it  as 
much  of  the  heavier  and  lighter  matters  as  can  be  retained  by  a 
Boitably  constructed  catch-basin,  will  not  cause  any  serious  trouble 
in  the  next  few  years.    If  the  sewage  should  be  discharged  without 
the  removal  of  the  solid  matters  by  a  catch-basin  suitably  designed 
and  maintained,  it  is  not  unlikely  that  floating  matters  would  be 
cast  npon  the  shore  between  the  Nantucket  House  and  the  shore 
end  of  the  westerly- jetty,  or  on  the  shore  of  the  inner  harbor. 

The  Board  believes  that  it  would  not  be  advisable  to  increase  the 
amount  of  sewage  discharged  at  this  outlet,  and  that  the  town 
shoald  take  measures  for  the  introduction  of  a  general  system  of 
sewerage,  disposing  of  the  sewage  by  the  best  available  method. 

XoRTH  Andover.  An  application  was  received  May  28, 
1894,  from  the  selectmen  and  road  commissioners  of  North 
Andover,  for  the  advice  of  the  Board  relative  to  the  pro- 
priety of  entering  a  sewer  from  Main  Street,  North  Andover, 
into  the  Merrimack  River.    The  Board  replied  as  follows :  — 

Auo.  3,  1894. 

This  plan  shows  a  system  of  pipe  sewers  for  the  main  village  of 
North  Andover,  and  indicates  that  the  sewage  of  the  village  of 
North  Andover  Centre  may  be  brought  into  the  same  system  through 
a  twelve-inch  pipe.  The  lower  end  of  the  Main  Street  sewer  is  to 
be  twenty  inches  in  diameter,  and  is  to  serve  as  the  main  outlet 
of  the  system. 
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The  Board  is  of  the  opinion  that  it  is  perm'tssible  for  the  present 
to  discharge  the  sewage  of  the  town  of  North  Andover  into  the 
Merrimack  River  at  Main  Street,  but  advises  that  the  sewage  should 
be  carried  out  into  the  river  through  a  submerged  pipe  as  far  as 
practicable  beyond  low-water  mark,  in  order  that  it  may  be  diluted 
quickly,  and  that  there  may  be  less  danger  of  fouling  the  shores  of 
the  river  below  the  outlet. 


Palmer.  An  application  was  received  from  the  selectmen 
of  Palmer  May  11,  1892,  for  the  advice  of  the  Board  relative 
to  the  disposal  of  the  sewage  of  the  main  village  of  Palmer 
by  direct  discharge  into  the  Quaboag  River.  The  reply  of 
the  Board,  embodying  also  its  reasons  for  delay  in  answer- 
ing the  application,  was  as  follows  :  — 

Feb.  1,  1894. 

By  the  proposed  plan  the  sewage  is  to  be  collected  in  a  system 
of  pipe  sewers  from  which  storm  water  is  to  be  excluded,  and  is  to 
be  discharged  into  the  Quaboag  River  below  the  bridge  of  the  Bos- 
ton &  Albany  Railroad  Company. 

On  Jnne  2,  1892,  a  public  hearing  upon  this  question  was  held 
at  the  office  of  the  Board  of  Health.  After  this  hearing  the  ques- 
tion was  carefully  considered  by  the  Board,  and  it  was  concluded 
that  it  was  desirable  to  defer  making  a  formal  reply  until  definite 
action  had  been  taken  by  the  city  of  Chicopee  with  reference  to 
the  abandonment  of  the  Chicopee  River  as  a  source  of  water  supply. 

The  Board  is  now  informed  that  the  works  for  the  supply  of 
water  to  Chicopee  Falls  from  a  new  source  are  completed,  and  that 
the  use  of  the  Chicopee  River  as  a  source  of  water  supply  has  been 
discontinued. 

As  a  result  of  investigations  by  the  engineer  of  the  Board,  and 
a  careful  consideration  of  the  plan  proposed  by  you  and  the  state- 
ments presented  at  the  hearing,  the  Board  concludes  that  the  adop- 
tion of  a  system  of  sewers  from  which  storm  water  is  excluded  is 
to  be  commended  as  being  the  best  adapted  to  the  present  and 
future  requirements  of  the  main  village  of  Palmer ;  and  that  the 
sewage  may  be  turned  into  the  Quaboag  River  below  the  Boston 
&  Albany  Railroad  bridge,  as  proposed,  for  the  present,  with  the 
understanding  that  the  sewage  is  to  be  diverted  from  the  river  and 
purified  whenever  the  pollution  of  the  stream  makes  such  action 
necessary.  If  at  any  time  a  public  water  supply  should  be  taken 
from  the  stream  at  Chicopee  or  at  any  other  place  below  Palmer, 
the  necessity  for  at  once  diverting  the  sewage  and  purifying  it 
would  become  imperative. 
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Pollution  or  Eivebs  and  Sources  op  Water  Supply. 

Brookfield.  a  communication  was  received  March  29, 
1894,  from  H.  E.  Cottle,  Esq.,  chairman  of  a  committee 
appointed  by  tjie  town  of  Brookfield  to  investigate  the  sub- 
ject of  the  pollution  of  Seven-mile  River  by  the  town  of 
Spencer,  asking  the  advice  of  the  Board  as  to  the  best 
course  to  be  pursued  by  the  town  relative  to  the  nuisance 
thus  caused.     The  Board  replied  as  follows :  — 

JuNB  8»  1894. 

As  yon  are  aware,  the  town  of  Spencer  applied  to  the  State 
Board  of  Health  last  year  for  advice  with  reference  to  the  disposal 
of  its  sewage,  and  in  ooncluding  its  reply  the  Board  expressed  the 
opinion  that  the  discharge  of  the  sewage  directly  into  the  Seven- 
mile  river  should  be  discontinued. 

The  eiaminations  made  at  Spencer  last  year  and  a  further 
eianiination  made  since  your  communication  was  received  show 
that  a  large  part  of  the  ofifence  is  due  to  the  discharge  of  wastes 
from  the  Spencer  Gas  Works  into  the  sewers,  and  thence  into  the 
Seven-mile  River.  It  is  also  essential  to  the  purification  of  the 
sewage  of  the  town  by  intermittent  filtration  (which  is  the  method 
noder  consideration)  that  the  gas  wastes  should  be  removed  from 
the  sewer.  The  interception  and  removal  of  these  gas  wastes,  so 
that  they  would  not  enter  the  Seven-mile  River,  would  furnish  a 
large  measnre  of  relief  daring  the  time  when  the  town  is  preparing 
phins  and  constructing  the  works  for  purifying  its  sewage.  The 
gas  wastes  from  other  gas  works  in  the  State  are  now  intercepted 
60  that  they  do  not  cause  a  nuisance  ;  and  the  Board  is  of  opinion 
that  the  Spencer  Gas  Company  should  provide  at  once  for  inter- 
cepting the  waste  matters  from  its  works,  so  that  they  will  not  be 
discha^d  into  the  river. 

A  copy  of  this  communication  will  be  sent  to  the  Spencer  Gas 
Company, 

DfEBFiELD.  The  selectmen  of  Deerfield,  acting  as  a 
Bourd  of  Healthy  complained  to  the  State  Board  of  Health 
Aug.  13, 1894,  that  sewage  from  the  town  of  Greenfield  was 
discharged  into  the  Green  River  (a  stream  which  flows 
through  the  thickly  settled  part  of  the  town  of  Deerfield), 
at  or  near  the  boundary  line  of  these  towns,  and  <'  to  the 
common  nuisance  of  the  public  and  to  the  detriment  of 
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the  public  health,"  at  the  same  time  requesting  the  Board 
to  **take  such  action  and  make  such  orders  in  relation 
thereto  as  the  public  health  and  interest  demand.'*  The 
Board  replied  to  this  communication  as  follows :  — 

Oct.  4,  1894. 

The  Board  caused  an  examination  of  the  premises  to  be  made  by 
one  of  its  engineers  in  September,  at  a  time  when  there  was  a  low 
flow  of  water  in  the  streams,  and  he  found  that  the  Green  River  in 
Deerfield,  and  in  Greenfield  below  the  outlet  of  the  main  sewer, 
was  in  an  offensive  condition,  caused  mainly  by  the  discharge  into 
it  of  sewage  from  the  public  sewers  of  the  town  of  Greenfield,  but 
also  to  some  extent  by  the  discharge  of  sewage  and  polluting  mat- 
ters from  buildings  and  factories  in  the  town  of  Deerfield. 

In  view  of  the  results  of  his  examinations,  the  Board  is  of  the 
opinion  that  this  discharge  of  sewage  and  polluting  matters  into 
this  river  should  be  discontinued. 

The  best  plan  for  disposing  of  the  sewage  cannot  be  definitely 
determined  upon  until  surveys  and  other  investigations  have  been 
made.  It  seems  probable,  however,  that  it  will  be  best  to  inter- 
cept the  sewage  before  its  discharge  into  the  Green  River,  and 
convey  it  by  means  of  an  intercepting  sewer  to  an  outlet  discharg- 
ing well  out  into  the  Deerfield  River,  beyond  low-water  mark,  at 
some  suitable  place. 

As  an  intercepting  sewer  such  as  is  proposed  could  be  used 
jointly  for  the  disposal  of  the  sewage  of  both  Grenfield  and  Deer- 
field, the  Board  suggests  the  advisability  of  joint  action,  both  in 
the  investigation  of  the  matter  and  in  the  construction  of  works  for 
preventing  the  pollution  of  the  Green  River. 

A  copy  of  this  reply  will  be  sent  to  the  Board  of  Selectmen  of 
the  town  of  Greenfield. 


Framingham.  a  communication  was  received  from  the 
Board  of  Health  of  Framingham  June  13,  1894,  requesting 
the  State  Board  of  Health  **  to  examine  the  condition  of  a 
portion  of  the  Sudbury  River  running  through  Saxonville," 
and  certain  meadows  in  Framinorham  and  South  Framing- 
ham.  The  Board,  after  making  the  examination,  replied  as 
follows :  — 

Aro.  7,  1894. 

Certain  insanitary  conditions  exist  in  and  along  the  Sudbury 
River  in  Saxonville  and  below  that  village,  tending  to  impair  the 
health  of  the  inhabitants  of  the  adjacent  territory ;  that  the  man- 
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ner  of  disposing  of  the  waste  resulting  from  the  washing  of  wool 
in  the  mill,  the  method  of  managing  the  sink  drainage  from  vari- 
ous dwelling-houses  adjacent  to  the  river,  the  want  of  due  care  in 
the  construction,  maintenance  and  use  of  the  ditches  in  the  meadows 
described  in  the  application  are  all  objectionable ;  that,  while  it 
cannot  be  demonstrated  that  these  objectionable  conditions  are  the 
direct  cause  of  malaria,  they  are  sufficiently  serious  to  menace  the 
public  health  ;  and,  finally,  that  in  the  opinion  of  the  State  Board 
ot  Health  they  are  remediable  conditions,  and,  under  the  ample 
auihority  of  the  Public  Statutes,  they  are  entirely  within  the  con- 
trol and  jurisdiction  of  the  local  Board  of  Health  of  Framingham. 

RocKPORT.  A  communication  was  received  July  3,  1894, 
from  the  water  commissioners  of  Rockport,  asking  the  Board 
to  notify  the  owners  of  a  glue  factory  located  upon  the  water- 
shed of  the  Rockport  water  supply  (Cape  Pond)  to  cease 
polluting  the  water  supply.    The  Board  replied  as  follows :  — 

Aug.  3,  1894. 
This  Board,  in  a  communication  dated  Feb.  18,  1893,  addressed 
to  the  selectmen  of  Rockport,  Henri  X.  Woods  and  others,  ex- 
pressed the  opinion  that  there  was  an  increasing  pollution  of  the 
pond  by  the  waste  matters  from  the  glue  factory,  and  that  if  this 
poUation  were  stopped  the  water  would  in  time  become  of  satis- 
factory quality  for  the  supply  of  the  town.  Samples  of  water  col- 
lected in  1894  do  not  show  any  improvement  in  the  character  of 
the  water  as  compared  with  a  sample  collected  in  February,  1893, 
and  an  examination  made  by  the  Board  shows  that  the  drainage 
from  this  factory  still  finds  its  way  into  the  pond. 

The  Board,  therefore,  has  no  reason  to  change  its  views  as  to 
the  relation  of  the  drainage  from  this  factory  to  the  quality  of  the 
water  in  the  pond,  and  is  of  the  opinion  that,  as  this  pond  is  to  be 
nsed  to  supply  the  town  of  Rockport  with  water,  the  pollution 
of  the  water  of  the  pond  by  the  waste  matters  from  the  glue  fac- 
tory should  cease  forthwith. 

The  Board  is  not  authorized  to  notify  the  proprietors  of  the  glue 
factory  to  cease  from  polluting  this  pond,  but  sends  for  your  infor- 
Daation  a  marked  copy  of  the  general  laws  relating  to  the  pollution 
of  sources  of  water  supply. 

Worcester.  A  communication  was  received  from  Mr. 
P.  B.  Smith  of  Worcester,  June  20,  1894,  relative  to  pro- 
posed restrictions  upon  a  tract  of  land  in  Holden,  the  larger 
part  of  which  lies  upon  the  water-shed  of  a  proposed  storage 
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reservoir  of  the  City  of  Worcester,  asking  the  advice  of  the 
Board  as  to  the  question  of  building  cess-pools  upon  the 
water-shed  of  the  reservoir,  and  at  what  distance  from 
the  water  line  it  would  be  safe  to  construct  them.  The 
Board  replied  as  follows :  — 

Aug.  3,  1891. 

The  State  Board  of  Health  received  from  you  a  communication 
dated  June  20,  1894,  relative  to  a  certain  tract  of  land  in  Holden 
owned  by  you  and  Mr.  Lincoln  Kinnicutt,  the  larger  part  of  which 
lies  upon  the  water-shed  of  a  proposed  water-supply  reservoir  of 
the  city  of  Worcester.  You  refer  to  proposed  restrictions  upon 
this  land,  with  a  view  to  preventing  the  pollution  of  the  Worcester 
water  supply  by  the  use  which  may  be  made  of  the  land,  and 
in  the  concluding  paragraph  ask  "  whether  any  tests  have  been 
made  in  regard  to  the  effect  of  percolation  through  the  soil, 
and,  if  the  matter  has  been  determined  by  tests,  what  distance 
is  necessary  to  purify  sewage  by  percolation ; "  also,  *'  how  near 
would  it  be  safe  to  build  cess-pools  to  the  water  line  of  the  city's 
reservoir." 

The  Board  is  not  aware  that  any  tests  have  been  made  for  the 
special  purposes  of  ascertaining  how  far  away  from  a  cess-pool  the 
water  from  it  becomes  purified  by  its  passage  through  the  ground. 
The  distance  would  undoubtedly  depend  to  a  very  great  extent 
upon  many  local  conditions,  such  as  the  depth  from  the  bottom 
of  the  cess-pool  to  the  level  of  the  ground  water,  and  the  charac- 
ter of  the  material  through  which  the  liquid  from  the  cess-pool 
filters.  The  conditions  would  be  less  favorable  if  the  sewage 
percolates  in  a  somewhat  concentrated  stream  in  one  direction 
than  if  it  were  diffused  to  a  greater  extent  as  it  passes  through 
the  ground. 

Although  there  have  been  no  special  tests  in  regard  to  the  purifi- 
cation of  sewage  by  its  percolation  from  cess-pools,  yet  there  is 
much  information  bearing  upon  this  point.  Nearly  every  well  in 
a  thickly  settled  village  derives  more  or  less  of  its  supply  by  per- 
colation from  cess-pools  in  the  vicinity,  and  yet  in  a  majority  of 
cases  the  degree  of  purification  effected  by  filtration  is  such  that 
the  water  of  the  wells  is  used  for  drinking  purposes. 

In  South  Framingham,  Newton  and  Brockton  underdrains  have 
been  laid  beneath  the  sewers  to  carry  off  the  ground  water,  and 
before  any  sewage  had  been  turned  into  these  sewers  samples  of 
water  were  collected  from  the  underdrains  and  analyzed.  The  com- 
mon method  of  disposing  of  the  sewage  of  these  places  at  the  time 
was  by  means  of  cess-pools,  and  the  analyses  of  the  water  from  the 
underdrains  left  no  doubt  that  it  came  in  part  from  these  sources. 
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The  Board  has  already  advised  the  town  of  Framingbam  with 
regard  to  the  character  of  the  water  of  its  underdrain  and  its  rela- 
tion to  the  water  supply  of  the  city  of  Boston,  into  which  it  was 
and  is  now  discharged  ;  and,  as  there  is  some  similarity  between 
this  case  and  yonr  own,  a  copy  of  the  reply  of  the  Board  to  the 
town  of  Framingham  is  enclosed  herewith. 

The  distance  through  which  the  liquid  from  a  cess-pool  must  per- 
colate in  order  to  remove  the  objectionable  matters  depends  upon 
local  conditions  to  such  an  extent  that  with  present  information  it 
IB  impracticable  to  make  a  general  statement  of  the  distance  from 
a  reservoir  that  a  cess-pool  must  be  placed  in  order  to  insure  safety. 
Bat  under  very  favorable  conditions  of  soil  the  filtration  of  sewage 
trom  a  small  number  of  cess-pools  to  a  storage  reservoir  two  hun- 
^  feet  distant  would  not  be  likely  to  have  a  noticeable  effect 
^POQ  the  quality  of  the  water  supplied  from  the  reservoir. 
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EXPLANATORY    NOTE. 

The  Bystematic  examination  of  the  water  supplies  of  the  State  was  begun  June 
1, 1887,  and  has  been  continued  up  to  the  present  time.  The  results  for  the  first 
two  yetn  were  published  in  a  special  report  of  the  Board  upon  the  Examination  of 
Water  Supplies  (1890),  and  for  the  succeeding  years  in  the  annual  reports  of  the 
Board  beginning  with  the  1890  (Twenty-second  Annual)  report. 

The  special  report  contains  a  description  of  each  of  the  water  supplies  in  the 
State  existing  at  the  date  of  that  report,  and  the  annual  reports  only  contain  descrip- 
tloiis  of  oew  works  and  changes  in  existing  works. 

la  all  of  these  reports  an  alphabetical  arrangement  by  towns  has  been  adopted. 
Sources  of  water  supply  are  tabulated  under  the  name  of  the  town  supplied,  other 
waters  onder  the  name  of  the  town  in  which  they  are  situated.    The  analyses  of 
water  ttom  the  larger  rivers  not  used  as  sources  of  water  supply  are  given  in  a  sub- 
sequent tabulation,  headed  **  Examination  of  Rivers." 

The  method  of  making  the  chemical  and  microscopical  examinations  remains 
Qnchaoged,  and  the  results  are  presented  in  tlie  tables  of  this  report  in  the  same 
form  as  in  the  last  one. 

The  samples  of  water  are  usually  received  at  the  laboratory  from  twenty-four  to 
forty-eight  hours  after  collection.  All  surface  water  and  such  samples  of  ground 
water  as  contain  suspended  matter  are  filtered  through  filter-paper  before  determin- 
ing the  color,  the  residue  on  evaporation  and  the  albuminoid  ammonia  in  solution. 
Some  ground  waters  which  are  perfectly  clear  and  colorless  when  drawn  from  the 
groand  liecome  turbid  and  colored  on  standing,  in  consequence  of  the  oxidation  of 
the  iron  which  they  contain.  In  these  waters  the  residue  on  evaporation  is  deter- 
mined without  filtration,  since  this  iron  is  an  essential  and  not  an  accidental  ingre- 
dient in  the  water.  In  the  changes  which  accompany  the  oxidation  of  the  Iron  in 
waters  of  this  character,  they  become  first  cloudy  (well  described  by  the  word 
mikif^  And  finally  deposit  a  precipitate  of  oxide  of  iron.  In  the  cloudy  condition 
they  hare  a  distinct  color,  which,  while  it  does  not  have  the  same  significance  as  in 
the  case  of  surface  waters,  and  is  only  a  passing  phenomenon,  is,  nevertheless,  of 
interest  as  showing  a  color  which  the  water  may  assume  while  the  oxidation  of  the 
iron  la  in  progress.  When  the  iron  is  all  oxidized  and  precipitated  the  water  may 
become  colorless  again.  Explanatory  notes  will  be  given  for  waters  of  this  kind 
in  connection  with  the  tables  of  analyses. 

The  color  of  water  is  expressed  by  numbers  which  increase  with  the  amount  of 
color.  The  standard  used  is  nesslerized  ammonia,  as  described  on  page  531  of  the 
Special  Report  upon  the  Examination  of  Water  Supplies,  1890,  and  on  page  829  of 
the  Annaal  Report  for  1893.  Boston  water,  as  drawn  from  a  tap  at  the  Institute  of 
Technology,  had  an  average  color  in  1 894  of  0.69.  Other  water  supplies  in  the 
State  have  had  an  average  color  of  from  0  to  1.45. 
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In  cases  where  examinations  of  a  source  liave  been  made  with  considerable  regu- 
larity for  several  years,  the  averages  of  the  chemical  analyses  of  each  year  are  given. 

In  the  microscopical  examination  of  water  there  has  been  no  change  in  the 
method  employed  since  Nov.  6,  1890.  This  method  was  fully  described  in  the 
Twenty-third  Annual  Report  of  the  Board  for  the  year  1891  (pages  395-421). 
Before  Nov.  6,  1890,  the  methods  employed  were  less  perfect,  so  that  a  smaller  pro- 
portion of  the  total  number  of  organisms  present  in  the  water  was  separated  fh)m  it 
and  observed  under  the  microscope;  and,  before  drawing  conclusions  fh)m  a  com- 
parison of  the  microscopical  examinations  of  waters  made  before  and  after  this  date, 
the  explanatory  note  on  page  70  of  the  Twenty-second  Annual  Report  for  1890 
should  be  read. 

To  indicate  the  amount  of  the  so-called  Zooglcea  observed,  the  number  of  hidi- 
vidual  masses  is  not  counted,  but  an  area  equal  to  2,S00  square  microns,  or  .0025 
square  millimeters,  has  been  adopted  as  an  arbitrary  unit. 

In  publishing  the  results  of  the  microscopical  examinations  the  same  system  Is 
followed  as  last  year.  The  plants  observed  are  classified  in  four  groups,  viz.: 
Diatomacese,  Cyanophyceee,  Algae  and  Fungi.  The  Animals  observed  are  groaped 
as  Rhizopoda,  Infusoria,  Vermes  and  Crustacea. 

The  names  of  the  different  genera  in  each  group  are  given  with  the  numbers  of 
each  per  cubic  centimeter,  except  that,  to  avoid  making  the  tables  excessively  long, 
they  are  omitted  when  present  only  in  very  small  numbers.  It  is  not  feasible  to 
make  with  regard  to  omissions  a  single  rule  which  will  apply  to  all  cases,  because  it 
is  desirable  to  include  smaller  numbers  of  animals  than  of  plants,  and  of  the  larger 
animals  than  of  animals  generally.  Moreover,  there  are  exceptional  cases  in  which 
it  is  desirable  to  indicate  the  presence  of  even  very  small  numbers  of  the  more  im- 
portant plants  or  animals.  Two  general  rules,  however,  have  been  adopted  in 
printing  the  results,  namely :  — 

1.  All  genera  of  Plants  are  included  in  which  the  total  number  observed  in 
twelve  months  amounts  to  6  or  more  per  cubic  centimeter,  or,  in  other  words,  ave^ 
ages  as  much  as  0.5  per  month. 

2.  All  genera  of  Animals  are  included  in  which  the  total  number  observed  in 
twelve  months  amounts  to  1.5  or  more  per  (iubic  centimeter. 

The  larger  microscopic  animals,  such  as  some  of  the  Crustacea,  are  incladed, 
even  when  present  only  in  very  small  n ambers. 

Fractions  are  generally  omitted  flrom  the  table,  the  nearest  whole  number  of 
organisms  per  cubic  centimeter  being  given.  Where  the  total  number  of  organisms 
observed  is  0.5  or  less,  the  fact  that  the  organism  was  present  is  usually  indicated 
by  the  abbreviation  **  pr.,"  but  in  the  case  of  the  larger  organisms  very  small  frac- 
tions are  given. 
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EXAMINATION  OF  WATER  SUPPLIES. 


Water  Supply  of  Abington  and  Rockland. 


Chemical  Examinaiion  of  Water  from  Big  Sandy  Pond^  Pembroke. 

[Paru  per  100,000.] 
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Microscopical  Examination, 

No.  11878.  Dlatomaee«,  A9UrioneUa,V>;  Oocconema,!;  OifcloUlia,U;  Dtatoma,  1;  J/«tot<ro,  0; 
^yxrdra,  80;  TabtHaria,?^,  Alga,  Arthrodennwi,  \l\  ProtococcMf  9\  Staurogenia,  2.  Infoeorla, 
^tobrton  ckmm,  2;  Pttridinium,  1.    Vernoee,  PbltfoHhra,  2     Miecellaoeona,  ZoSgtcta,  20.    Total,  183. 

No  120M.  DUtomaces,  il«f«rion^/to,  0;  CgdoUlla,  10;  IHatama,  1;  mtntchta,  1;  Synedrn,  I; 
TabeUaria,  17.  Cyanophyecai,  MerUmopedia,  2.  Algae,  Arthrode9m>ui,  1;  Protococaut  25;  Scenede*- 
*e«,  1.  Infoioria,  IHnobryon  eoece,  4.    CrnalaceaD  remaina,  .08.    Total,  75. 
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AMESBITRT. 

Water  Supply  of  Amesbury.  —  Powow  Hill  Water  Company. 


Chemical  Examination  of  Water  from  Tubular  Wells  supplying  Open  B<uins 

near  Main  Street, 

[Parta  p«r  100,000.] 
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Odor  of  the  first  sample,  none;  of  the  aecond,  dlattnctly  disagreeable,  beeomlog  leea  atrong  on  hest- 
log;  of  the  third,  decidedly  vegetable  and  disagreeable.  —  The  samples  were  coUeded  at  the  pamping 
station  00  Main  Street. 

Microscopical  Examination, 

No.  12011.    No  organisms. 

No.  12012.    A\gm,  ScenedetmuM^  92,    Infusoria,  O^tomofia«,  150.    Total,  182. 
No.  18041.    Diatomacen,  7Vi6«/laHa,  2.    Algm^  Protococcu9,(S&2;  ScenedetmuttU.    MIseeUsDeoas, 
ZodgUm^  70.    Total,  720. 


Chemical  Examinaiion  of  Water  from  Thirty-six  Tubular  Wells  near  Market  Strut, 

used  as  a  Supplementary  Source  of  Supply, 

[ParU  per  100,000  ] 
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Odor  none.— The  samples  were  collected  at  the  pumping  station  on  Market  Street. 


Microscopical  Examination, 

No.  12018.    No  organisms. 

No.  18042.    MiscellaDeoos,  Zodglcu,  5. 


No.  34.]    EXAMINATION  OF  WATER  SUPPLIES.  75 


Water  SuppIjT  op  Amhebst.  —  Amhebst  Watbb  Company, 

Chemical  Examination  of  Water  from  a  Faucet  in  the  ViUage, 

[Parte  per  100,000.] 
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Odor,  none. 

Microscopical  Examination. 

DtotoiMeea>  AMteriomella,  t ;  MeloHrat  8;  S^rudro,  1.    Total,  6. 

Water  Supply  op  Andover. 


CftemicoZ  Excmiination  of  Water  from  EaggetCa  Pond,  Andover, 

[Parte  per  100,000.] 
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TScn  to  analyaea  of  1894:  Odor  of  the  firat  two  aantplea,  dSatlnetly  vegeteble;  of  the  third,  none; 

of  the  foarth,  dtatinetly  wgeteble  and  somewhat  anpleaiant. The  lamplea  were  eolleoted  ftom  a 

tuNt  at  the  pomplng  atatfon. 
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ANI>OVI«B. 

Microscopical  Examination  of  Water  Jrom  HaggeWs  Pond,  Andover, 

[Number  of  orgMilima  per  ooblo  oentimeter.] 
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136 


Water  Supply  of  Arlington. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Arlington 
relative  to  obtaining  an  additional  water  supply  may  be  found  on 
pages  7  and  8  of  this  volume.  For  analyses  of  samples  of  water 
from  the  wells  mentioned  in  the  reply  to  the  town  see  the  annual 
report  of  the  Board  for  1892,  pages  81  and  82,  and  for  1893,  page 
97.  Works  for  the  supply  of  the  higher  portions  of  the  town  from 
wells  in  the  location  mentioned  in  the  reply  of  the  Board  were  nearly 
completed  at  the  end  of  1894. 
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ABIJ[NOTON. 

Chemicdl  Examinaiion  of  Water  from  a  Faucet  in  Arlington, 

[Parts  p«r  100,000.] 
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Microscopical  Examination, 

No  01 


ASHBUBNHAM. 


Chemical  Examination  of  Water  from  Upper  Naukeag  Pond,  Ashburnham. 

[Parts  per  100,000.] 
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Averages  by  Years, 
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•  April. 
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X  Seplambar. 


RoR  to  Boalysea  of  1804:  Odor,  none. Tha  samples  ware  eolleoted  from  the  pond,  about  4  feet 

^MBMth  the  surface. 

Microscopical  Examination, 

No.  12006.  IMiitomaeeM,  AtCerionella,  18;  Oycloiella,  9;  Synedra,  5;  Tabellaria,  8.  Alg», 
^rt^rodnmuM,  1;  iVofoeoceas,  1;   Staurogenia^  3.    Total.  45. 

Ko.  12792.  Cyanophyeea,  MicrocyntU,  2;  Alv»,  Tetratporo,  14.  Infusoria,  Dtnolnyon  casss,  8. 
Crastseean  remaina,  .OS.   Kiseallaneoos,  Zodglcea,  11.    Total,  30. 
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ATHOL.. 

Water  Supply  of  Athol.  —  Athol  Water  Company. 

During  the  past  three  years  several  changes  have  been  made  m 
the  works  for  supplying  the  town  of  Athol  with  water.  Phillipston 
reservoir,  which  was  formerly  from  8  to  12  feet  deep  over  the  larger 
portion  of  its  area,  has  been  improved  by  raising  the  main  dam  and 
overflow  1  foot,  and  by  building  a  dike  along  the  westerly  and 
northwesterly  side  to  cut  off  shallow  portions.  Material  for  the 
construction  of  the  dike  was  taken  from  the  shallower  portions  re- 
maining within  the  reservoir.  The  southerly  side  has  been  improved 
by  excavation  and  filling  so  as  to  make  deeper  water  and  a  steep 
shore.  The  slopes  of  the  dam  and  dike  are  paved  with  field  stones. 
A  new  pipe  has  been  laid  to  draw  water  from  the  reservoir  at  a  point 
about  250  feet  from  the  shore. 

About  1,000  feet  below  the  dam  of  the  reservoir,  a  well,  25 
by  40  feet  inside  and  12  feet  deep,  has  been  dug  in  a  large,  flat 
meadow,  to  collect  the  leakage  from  the  reservoir  and  ground 
water.  It  is  proposed  to  pump  this  water  back  into  the  reservoir 
through  a  6  inch  force  main  when  the  water  in  the  reservoir  is  below 
high-water  mark. 

Chemical  Examination  of  Water  from  the  Large  Reservoir  in  Phillipston. 

[ParU  per  100,000.] 
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AVMOHIA. 
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Odor,  vegetable  or  none. The  samplea  were  collected  from  the  reaenroir. 

*  In  making  this  average  the  loaa  on  ignition  for  September  waa  aaaamed  to  be  8.40. 
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Averages  by  Years, 

[ParU  per  100,000.] 
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*  Jane  and  Deoember. 


t  Janaary  to  If  arch. 


Microscopical  Examinaiion  of  WcUer  from  the  Large  Reservoir  in  PhiUipston, 

[NnmlMr  of  orgaDiama  per  enblc  eentlmetor.] 
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atti^bborough. 

Water  Supply  of  Attleborough. 

Chemical  Examinaiion  of  Water  from  the  Well  of  the  Attleborough  Water  Works. 

[ParU  per  100,000.] 
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1 

Odor,  none. The  samples  were  collected  from  a  faucet  at  the  pumping  station,  while  pamplog. 


Microscopical  Examinaiion, 

No.  11800.    Zo5g]QBa,  3. 

No.  12963.    Fungi,  OrenothriXt  4.    Miscellaneous,  ZodgUxa,  5.    Total,  9. 

In  the  remaining  samples  no  organisms  were  found. 
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AUBURN. 


Auburn. 


Otemieai  Bxaminatian  of  Water  from  Dark  Brook  and  Stoneviile  Reservoir^ 

Attbum, 

[P«rta  por  100,000.] 
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Odor  of  tk«  flnt  aample,  dtotiiietly  TegvUMo;  of  the  ■oeond,  deddodly  Tegetablo  and  awootlah.— — 
Tb«  firn  aample  was  ooUaetad  from  Dark  Brook,  Iba  aaeond  from  BtonoTllla  BaMrrotr,  while  making  an 
•UBlDation  of  poaalble  aoiiroee  of  water  lapply  for  the  olty  of  Woreeeter. 


Microscopical  Examinalion, 

Ko.  ism.      DIalomaeeB,  JBpUA^mia,  1;    Syiudra,  8.     FangI,  Segffiatoo,  1;    Ortn^iAHx,  88. 

Total,  4ft. 

Bo.  nm.  Diatomaeem,  Dtaiama,  16 ;  JtpUhmnia,  1 ;  tfompAonmia,  1 ;  ifeloelfa,  6 ;  PinnMlariCt  1 ; 
8wirdla,t;  8ifiudra,ii;  Tob€lkaHa,A,  Algm,RafiMdium,4;  Scen^dumuStl.  Fungi,  OhmoMrfo,  4. 
laftttoria,  iMdiniMit,  4.   Total,  86. 


Water  Supply  of  Avon. 

Chemical  ExtmituUion  of  Water  from  the  Well  of  the  Avon  Water  Works. 

[Parte  per  100,000.] 
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The  aample  waa  eolleeted  from  a  faneet  al  the  pumping  atatlon. 


No 


Microecopical  Examination, 
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Water  Supply  op  Ayer. 


Chemical  Examination  of  Water  from  the  WeU  of  the  Ayer  Water  Works. 

[P«rU  per  100,000.] 
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Odor  of  the  first  sample,  decided;  of  the  others,  none. The  eamplee  were  coUeeied  from  a  fsaetC 

at  the  pamplDg  station. 

Microscopical  Examination. 

No.  12092.    Fungi,  CrenothriXt  1. 

No  organisms  were  foand  in  the  other  samples. 

Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Ayer 

Water  Works. 


[Parts  per  100,000.] 
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Iron,  .0000.    Odor,  none. The  sample  was  collected  from  the  reeerroir. 

Microscopical  Examination. 

DlstomaceaB,  Sj/nedra,  140.    AIg»,  ProtococcuB^  300.    Infasorla,  Dj/nobryon  ca$eB,  60.    Total,  500. 


Barre. 

The  advice  of  the  State  Board  of  Health  to  the  Barre  Water  Com- 
pany with  reference  to  taking  the  water  of  certain  springs  and 
brooks  in  that  town  as  a  public  water  supply  may  be  found  on 
pages  8  and  9  of  this  volume.  Analyses  of  samples  of  water  col- 
lected  from  these  brooks  are  given  on  the  following  page. 
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BARRK, 

Chemical  Examinaiion  of  Water  from  Brooks  in  Barre. 

[ParU  per  300,000.] 

i 

RaaiDDa  om 

ETArOKA- 
TION. 

Ammovu. 

j 

1 

NrrtooBK 

Aa 

1 

s 

n 

B 

1 

'         B 

Albuminoid. 

m 

a 

1 

9 

1 

1 

a 

•1 

e 

i 

1 

1    J 

1  ■  r 

i 

■i 

1 

si 

CO        1 

1 

1 

.0012 

• 

1 

I 

.20 

• 

1 

• 

t 

X 

2 

c 

& 

K 

o 

.2628 

i 
1 

13089 

1M4. 

Apr.li 

• 

Slight, 

1 
Cona.       0.18| 

2.00 

1 
0.00 

.0000 

.0074 

.0002 

.0000 

.0000 

0.8 

clayey. 

1 

;          i 

12B35 

Apr.  12 

Nooe. 

V.aligfat.  0.18. 

1        1 

8.46 

1.20 

.0000 

.0000 

.0082 

.0008 

.17 

.0000 

.0000 

.2047 

0.6 

Odor  of  the  first  aample,  very  faintly  vegetable;  of  tbe  a«eond,  none,  becoming  vegetable  on  beating. 

Tbe  first  lampla  waa  eollected  from  a  small  brook  about  half  a  mile  eaat  of  Allen  Hill  and  about 

we  and  a  qnarter  miles  north-west  of  the  centre  of  tbe  vlllsge  of  Barre.  It  was  proposed  to  construct 
•  Morage  reservoir  on  this  brook.  Tbe  eeeond  sample  was  collected  from  a  email  tributary  of  Prince 
XUrtr,  abont  one  and  a  half  miles  north  of  tbe  centre  of  the  village  of  Barre.  It  waa  proposed  to  divert 
tbe  water  of  this  brook  Into  the  reservoir  mentioned  above. 

Microscopical  Examination. 

No.  12080.    DIatomaoem,  MtloHra,  II ;  Stauroneit,  1 ;  Tabellarta,  1.    Fongl,  Orenothrix,  2.  ToUl,  16. 
No.  12036.   DlatomaceM, /Hoioma,  1;  Jf«r<€K<m.  1«    Vnngi,  Orenothrix,  I,    Total,  8. 

Belghertown. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Belcher- 
town  with  reference  to  the  introduction  of  a  water  supply  from 
Jabish  or  Chambray  brooks  in  Belchertown  will  be  found  on  pages 
9  and  10  of  this  volume.  An  analysis  of  a  sample  of  water  col- 
lected from  Chambray  Brook  is  given  below.  Analyses  of  water 
from  Jabish  Brook  and  from  the  Knight  and  Gold  Reservoir  of  the 
city  of  Springfield  upon  this  brook  are  given  under  Springfield. 


Chemical  Examinaiion  of  Water  from  Chambray  Brook, 

[Parte  per  100,000.] 
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Odor,  faintly  vegetable. The  sample  was  collected  from  the  brook,  at  the  line  between  Belch- 
ertown and  Enfield. 

Microscopical  Examinaiion. 

Dlatomaees,  Synedraf  S;  Tttbellaria,  1.    Mlscellaneoaa,  Zodgiota,  3.    Total,  6. 
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Wateb  Supply  op  Belmont. 

(See  WcUerUnon,) 


Water  Supply  of  Beverly. 

(See  Scdem,') 


Blackstone. 

The  advice  of  bhe  State  Board  of  Health  to  the  Blackstone  Water 
Company  relative  to  the  introduction  of  a  water  supply  into  this 
town  from  sources  in  the  towns  of  Uxbridge  and  Blackstone  will  be 
found  on  pages  10  and  11  of  this  volume.  Analyses  of  samples  of 
water  collected  in  connection  with  the  investigation  are  given  in  the 
following  table :  — 

Chemical  Examination  of  Water  from  Emerson  Brook  and  the  Lower  Iron^one 
Reservoir  in  Uxbridge^  and  from  Fox  Brook  in  Blackstone, 


[Parte  per  100,000. 

] 

• 

a 

6 

Appbaxavcb. 

kb8id0ic  ov 
Evapora- 
tion. 

AMMom. 

• 

s 

NITBOOXX 

1 

s 

1 

1 

1 

1 

• 

• 

1 

Loeion 
Ignition. 

1 

Albamfnold. 

i 

£ 

m 

8 

1 

1 

■ 

• 

1 

• 

Sus- 
pended. 

I 

a 
t 

a 

ISM. 

11708 

Feb.  14 

None. 

V.tUgbt. 

0.70 

3.65 

1.60 

.0006 

.0124 

.0106 

.0018 

.21 

.0000 

.0000 

.6160 

0.6 

11764 

Feb.  14 

None. 

V.ellgbl. 

0.55 

8.85 

1.45 

.0010 

.0166 

.0182 

.0024 

.22 

.0080 

.0000 

.6488 

0.$ 

11765 

Feb.  14 

None. 

V.elight. 

0.55 

8.65 

1.45 

.0000 

.0124 

.0106 

.0016 

.28 

.0000 

.0000 

.5684 

1 

0.S 

Odor  of  all  aamplet,  dietlnctly  vegetable  and  eweetleh.  ^—  The  first  sample  wae  eoUeeted  from  a 
mill  pond  on  Bmeraon  Brook,  at  Shove's  saw-mill,  the  second  from  the  Lower  Ironstone  Reservoir  nssr 
the  dam,  and  the  third  from  Fox  Brook,  jnst  above  the  Blackstone  River.  Analyses  of  samples  froea 
other  sources  collected  in  1808  in  connection  with  this  investigation,  may  be  found  on  page  101  of  the 
annual  report  for  1893. 


MicroscopicaX  Examination. 

The  number  of  organisms  per  cubic  centimeter  found  In  each  of  these  samples 
No.  11768, 27;  No.  11761, 8;  No.  11765, 61,  nearly  all  of  which  were  Dlatomaoese. 


as  follows: 


No.  34.]    EXAMINATION  OF  WATER  SUPPLIES.  85 

B08T0N". 

Wateb  Supply  of  Boston. 

Reservoir  No.  6,  beguD  in  1890,  was  practically  completed  at  the 
end  of  1893,  and  the  storage  of  water  in  it  was  began  on  Jan.  10, 
1894.  On  the  1st  of  July  the  water  had  risen  to  within  2.34  feet  of 
high-water  mark,  and  remained  nearly  at  this  height  until  Septem- 
ber 7,  when  water  was  drawn  from  the  reservoir  for  the  supply  of 
the  city  until  November  30.  The  reservoir  is  situated  on  Indian 
Brook,  a  small  tributary  of  the  Sudbury  River  from  the  south,  and 
is  partly  in  Hopkinton  and  partly  in  Ashland.  Its  area  at  high 
water  is  185  acres,  its  storage  capacity  1,530,300,000  gallons  and 
its  average  depth  25.4  feet. 

The  filling  of  this  reservoir  has  been  looked  forward  to  with  inter- 
est, because  it  is  the  second  large  storage  reservoir  to  be  thoroughly 
prepared  for  the  reception  of  water  by  the  removal  of  all  of  the  soil, 
stamps  and  vegetable  matter,  the  first  one  being  Reservoir  No.  4, 
which  is  about  three  miles  distant  in  an  easterly  direction.  These 
t«?o  reservoirs  are  much  alike  in  capacity,  depth,  the  relation  of  their 
capacity  to  the  amount  of  water  entering  them  and  the  manner  in 
which  they  were  prepared  for  the  storage  of  water.  Each  reservoir 
has  a  large  amount  of  swampy  land  upon  its  water-shed,  amounting 
on  that  of  Reservoir  No.  4  to  10.2  per  cent,  of  the  land  surface,  and 
on  Reservoir  No.  6  to  11.4  percent.;  but  their  water-sheds  dififer 
decidedly  in  respect  to  the  amount  of  population  upon  them,  the 
water-shed  of  Reservoir  No.  6  containing  388  persons  per  square 
mile  of  land  surface,  and  that  of  Reservoir  No.  4  only  109  persons. 
When  Reservoir  No.  4  was  filled  it  was  found  that  the  water  im- 
proved instead  of  deteriorating,  which  is  contrary  to  the  usual 
experience  when  reservoirs  which  have  not  had  the  soil  removed 
from  them  are  filled ;  and  it  was  also  found  in  the  case  of  Reservoir 
No.  4  that  the  water  which  remains  stagnant  at  the  bottom  during 
the  summer  did  not  contain  products  of  decomposition  or  become 
oSeDsive,  as  is  usually  the  case  with  the  bottom  water  of  reservoirs 
and  ponds.  Reservoir  No.  4  has  stood  the  test  of  years,  as  the 
water  in  it  has  always  been  nearly  free  from  the  growths  of  minute 
oi^nisms  which  infest  many  reservoirs,  and  the  water  has  always 
improved  by  storage  in  it. 

The  water  entering  Reservoir  No.  6  has  more  color  and  contains 
more  organic  matter  than  that  entering  No.  4,  and  is  affected  to  a 
greater  extent  by  the  waste  matters  from  the  population  upon  the 
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water-shed ;  and  on  these  accoants  it  was  questioned  whether  this 
water  would  not  be  more  liable  to  contain  growths  of  organisms  and 
accumulations  of  products  of  decomposition  near  the  bottom.  Up 
to  the  present  time  the  analyses  show  that  there  has  been  a  very 
marked  decrease  in  the  amount  of  color  and  organic  matter  by 
storage,  that  there  has  been  no  large  growth  of  organisms,  and  that 
during  the  period  of  summer  stagnation  there  has  been  only  a  com- 
paratively small  accumulation  of  products  of  decomposition  at  the 
bottom  of  the  reservoir. 

Further  examinations  of  the  water  of  this  reservoir  will  be  of 
interest,  and,  should  they  give  the  same  indications  as  the  results 
during  the  past  year,  they  will  show  very  conclusively  the  valae  of 
removing  the  soil  and  vegetable  matter  from  large  reservoirs  in 
which  water  is  to  be  stored  for  domestic  use. 

Reference  was  made  in  the  annual  report  for  1893  to  the  fact  that 
the  water  supplied  to  the  city  of  Boston  had  a  higher  color  than  in 
any  previous  year,  and  by  reference  to  the  table  of  averages  by 
years  on  page  103  it  will  be  observed  that  the  color  was  somewhat 
higher  in  1894  than  in  1893.  The  reasons  are  similar  to  those 
given  in  the  previous  report,  viz.,  that  the  color  of  the  water  of  the 
streams  was  darker  than  usual,  and,  in  addition,  the  increasing  con- 
sumption of  water  in  the  city  required  the  use  of  a  larger  proportion 
of  the  water  of  Sudbury  River,  which  has  a  higher  color  than  that  of 
Lake  Cochituate;  moreover,  the  color  of  the  water  of  Reservoir 
No.  3  has  been  unfavorably  affected  by  work  incidental  to  the  con- 
struction of  Dam  No.  5. 

The  capacity  of  Mystic  Lake  has  been  more  severely  taxed  during 
the  past  year  than  in  any  previous  year,  notwithstanding  the  fact 
that  the  year  was  not  an  extremely  dry  one,  and  that  the  Charles- 
town  district  of  Boston  was  supplied  with  water  from  the  Cochituate 
works  for  several  months,  beginning  with  September  12.  On 
August  31  the  surface  of  the  water  in  the  lake  had  fallen  so  low  that 
it  became  necessary  to  use  temporary  pumps  to  raise  the  water  into 
the  aqueduct  leading  to  the  main  pumps,  and  from  this  date  the  lake 
continued  to  lower  until  October  10,  when  the  water  was  drawn 
12.08  feet  below  high-water  mark  and  about  5  feet  below  the  level 
of  low  tide  in  Boston  harbor.  The  upper  Mystic  Lake  is  separated 
from  the  lower  Mystic  Lake,  which  is  a  tidal  basin,  by  a  dam  ;  and 
when  the  water  in  the  upper  lake  was  drawn  so  low,  a  sufficient 
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amoDDt  of  salt  water  filtered  through  to  increase  the  amount  of 
cbloriae  io  the  water  of  the  upper  lake,  u  will  be  seen  by  the 
analyses  on  page  105.  After  the  ice  formed  npon  the  lake,  io  the 
latter  part  of  1894,  the  water  began  to  have  a  disagreeable  odor,  and 
early  in  1895  the  odor  became  extremely  ofiensive,  so  that  the  water 
consumers  fouod  it  necessary  to  obtain  well  or  spring  water  for 
drinking, 

SroBUST  BiTZS  SUPPLT.  —  Chemiatl  Extmination  of  Water  from  Indian  Brook 
at  Bead  of  Beaervoir  2fo.  6,  Sopkinton. 

[P«ru  ptr  lOO.OOO.] 


Mieroieopical  ExuminaUon. 

Thi  mni*  oiiiiib*!  at  orfuilaoia  pec  cgble  etDlimdar  tooad  la  thax  umpln  "u  TO, 
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Sudbury  River  Supply.  —  Chemical  ExamincUiofi  of  Water  from  Reservoir 

No.  6,  Ashland,  collected  near  the  Surface, 

[Parta  per  100,000.] 


Date  of  Collection. 

Appkakasob. 

,  KK8IOUK  ON 
EVAPORA- 

Tiojr." 

Ammovia. 

4 

G 

1 

.46 
.36 
.89 
.36 
.89 
.40 
.87 
.40 
.89 
.44 

.40 

XlTBOOUf 

Aa 

1 

c 

6 

e 

& 

M 

o 

6 

1 

• 

1 

r 

• 

1 

Albuminoid. 

■ 

e 

• 

t    ' 

1 

s 
S5 

i 

1 

• 

■o 
go. 

• 

m 
m 
e 
rs 
.■ 

11832 
11972 
12125 
12296 
12452 
12627 
12860 
13047 
13237 
13413 

1804. 

Mar.  I 

Apr.  2 
Apr.  30 
June  4 
Jaly  2 
July  30 
Bept.  4 
Oct.    1 
Nov.  1 
Dec.  3 

Decided, 

clayey. 

V.  alight. 

Slight. 

Diatinct. 

Diatinct. 

V.  alight. 

Slight. 

green. 
'  Blight. 

Diatinct. 

V.  alight. 

Cons. 
Gona. 
BUgbt. 
Cona. 

V.  alight, 
green. 

Slight, 
green. 

Blight, 
brown. 

Blight. 

Blight. 
V.  Blight. 

1.20' 
0.90 
0.90 
1.10 
0.85 
0.75 
0.65 
0.60 
0.43 
0.65 

0.79 

6.06 
8.70 
4.10 
3.76 
8.90 
4.00 
3.50 
3.65 
8.46 

4.20 

1 

2.00 
1.60 
1.65 
1.45 
1.80 
1.26 
1.65 
1.26 
1.46 
1.90 

.0048 
.0030 

i 

1 

.0002 
.0042 
.0000 
.0004 
.0002 
.0000 
.0002 
.0000 

.0013 

1 

.0208 
.0168 
.0166 
.0238 
.0220 
.0170 
.0190 
.0170 
.0166 
.0220 

.0191 

.0192 
.0152 
.0188 
.0102 
.0188 
.0164 
.0172 
.0148 
.0148 
.0204 

.0166 

.0016 
.0016 
.0018 
.0076 
.0032 
.0016 
.0018 
.0022 
.0018 
.0016 

.0025 

.0060 
.0080 
.0080 
.0030 
.0000 
.0060 
.0000 
.0020 
.0080 
.0060 

.0040 

1 
1 

.0002 

.0002 

.0001 

.0001| 

.OOOl' 

.0000 

.0001 

.0000 

.0000 

.oooo' 

.0001 

1.4800 
.7238 
.7742 
.7238 
.7315 
.7315 
.6852 
.6688 

;  .4735 

1 

.6737 

l.S 
0.9 
O.t 
1.1 
1.1 
0.8 
1.0 
1.1 
1.8 

i.e 

1.3 

Av.- 

1 
3.93 

1.69 

.74€6 

1 

1 

1     1 

1 

Odor,  generally  diatinctly  vegetable. The  aamplea  were  collected  from  the  r«aervolr,  near  the 

dam.    For  monthly  record  of  height  of  water  in  tliia  reaervoir,  aee  table  «t  end  of  Boaton  analyaea. 


Sudbury  River  Supply.  —  Microscopical  Examination  of  Water  from  Reservoir 

No,  6t  Ashland,  collected  near  the  Surface. 

[Number  of  organlama  per  cubic  centimeter.] 


1804. 

> 

Mar. 

Apr. 

May. 

June. 

July. 

Jaly. 

Sept. 

Oct. 

Nov.    Dec. 

Day  of  examination 

Number  of  aample,     •       •       •       . 

3 
11832 

8 
11972 

2 
12125 

6 
12295 

8 
12162 

81 
12627 

6 
12860 

2 
13047 

2 
13237 

3 
1341S 

PLANTS. 
Diatom  aceae,       .      •      • 

Dlatoma,  •  .  •  • 
Melo^ira,  .  •  •  . 
Bynedra,  .  .  •  . 
Tabellaria 

AI98B 

Protococcnai  .  •  •  • 
Tetraapora,  .... 
ZooBporea,      .       •       •       • 


0 

t 

77 

0 

0 

0 

0 

0 

0 

0 

1 

66 

0 

1 

21 

0 

0 

30 

0 

0 

0 

0 

0 

20 

0 

0 

10 

4 

2 

19 

0 


0 
0 
0 


801 

0 

292 

9 

0 


0 
0 
0 


1 

81 

39 

1 

10 

2 

0 

0 

0 

0 

21 

28 

0 

0 

9 

0 

9 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

70 

9 

0 

40 

21 


8 

8 
0 
0 


0 

0 

1 

4 


0 
0 
0 
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Sudbury  River  Supply.  —  Microscopical  Examination  of  Water  from  Resei'voir 
No.  6t  Ashland,  collected  near  the  Surface — Concluded. 

[Numb«r  of  organisms  p«r  cnblo  centimeter.] 


1S94. 


liar. 


Apr. 


May 


June. 


jQly. 


July. 


Sept. 


Oct. 


Not. 


Dec 


ANIMALS. 
Bhizopoda.   Dlfflugia,  •      m  .   • 

Infusoria 

Dinobryon, 

Dinobryon  eases,  •       •       •       . 

Peridioium, 

Bynura,  ...... 

Traeholomonaa,    •       •       .       . 

VermeB, 

Annrea,  ...«•• 
Rotifer 

JiUcellaneoun,    ZoSglosa,    • 

Total, 


0 

0 

0 

0 

0 

0 

0 

0 

100 

1 

187 

61 

0 

0 

0 

0 

137 

0 

0 

0 

0 

1 

0 

44 

0 

0 

0 

0 

0 

« 

0 

0 

lOO 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

18 

t 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

8 

2 

0 

40 


St 


0 
0 
6 
0 
0 


0 
0 


40 


1 

4 

4 

4 

0 

0 

0 

0 

8 

3 

0 

0 

1 

1 

0 

1 

0 

1 

0 

0 

84 


0 

4 
2 
0 
0 


2 
0 


207 


7» 


472 


62 


87 


128 


87         18 


Sudbury  River  Supply. —  ChemiccU  Examination  of  Water  from  Reservoir 

No.  6,  Ashland,  collected  near  the  Bottom. 

[Parts  per  100,000.] 


Date  of  Collection. 

Appbabancb. 

Rksidck  on 

EVAPOKA. 
TIOV. 

Ammohia. 

i 

1 

.80 

1 

.86 
.87 

NlTSOOKN 
AS 

• 

1 

9 
1 

s 

.7876 
.7469 
.6391 

t 

^ 

s 

• 

1 

Albuminoid. 

• 

1 
s 

i 

9 

m 

IS 

> 

il 

QD 

t 

s 

12124 
12297 
12458 

1894. 

Apr.  30 

Jane  4 
Jnly  2  i 

V.  slight. 
DisUnct. 
Blight. 

Cons., 

green. 
Cons., 

msty. 
BUght. 

0.00 
0.90 
0.80 

4.15 
4.20 
4.00 

1.85 
2.10 
1.80 

.0046 
.0088 
.0074 

.0160 
.0204 
.0150 

.0126 
.0174 
.0182 

.0024 
.0080 
.0018 

.0070 
.0050 
.0080 

.0001 
.0001 
.0002 

0.6 
1.1 
1.1 

12028 
12861 

jQly80 

Sept.  4 

Blight. 
Slight. 

Blight, 

brown. 
Blight. 

1.25 

2.60 

1 

8.40 
6.25 

1.65 
1.75 

.0188 
.0336 

.0164 
.0184 

.0150 
.0164 

.0014 
.0020 

.88 

\86 

.0000 
.0000 

.0023 
.0001 

.6653 
.8008 

1.3 
1.8 

ia048 

Oct.  1 

1  DisUnct. 

Cons. 

0.60 

1 

8.75 

1.00 

.0016 

.0186 

.0160 

.0036 

.87 

.0000 

.0000 

1.5846   1.1 

18288 

Not.  1 

Blight. 

Blight. 

0.48 

3.70 

1.80 

.0000 

.0178 

.0142 

.0086 

.80 

1 

.0030.0000 

1 

.5005   1.4 

13414 

Dee.  8 

y.  slight. 

1 

V.  slight. 

0.68 
1.01 

4.20 

1.40 

.0006 
.0082 

.0186 
.0176 

.0152 
.0149 

.0034 
.0026 

1 
.40 

.88 

.0030.0000 

1 

1 
.0026.0004 

.6546 

1 
.6724 

1 
1.6 

Av. 

4.08 

1.73 

1.2 

Odor,  generally  vegetable;  In  Beptember,  decidedly  disagreeable, 
from  the  reserroir,  near  the  dam. 


The  samples  were  collected 
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SuDBUBT  River  Sctpplt.  —  Microscopical  Examination  of  Water  from  Beservoir 

No.  6t  Ashland,  collected  near  the  Bottom. 

[Number  of  organltmt  per  cable  oentimeter.] 


IBM. 

itoy. 

June. 

Jolj. 

July. 

Rept 

Oct 

Not. 

Dec 

Dmy  of  exAaiiJiAUon«               •       . 

s 

6 

8 

81 

6 

2 

2 

1 

8 

Nnmber  of  sample,  .... 

12124 

1229T 

12458 

12828 

12801 

18048 

U288 

13414 

PLAKT8. 

• 

• 

DlatomaceiD,    .... 

7 

m 

11 

1 

1 

•6 

109 

1 

AaUrlonella,      .... 
Diatoma,     ..... 

ICeloalra 

Bynedra 

Tabellarla 

0 
0 
0 
8 

4 

0 
0 
0 
108 
6 

0 
0 

6 
8 
0 

0 
0 
0 

1 

0 

0 

0 
0 
0 
0 

0 
0 

0 
44 
10 

0 

8 

44 

18 

40 

0 
0 

1 
1 
s 

Funffl.    Orenothrlz,     • 

0 

56 

88 

248 

1 

2 

0 

0 

ANIMALS. 

Bhlzopoda.    DlffloglA.      . 

0 

0 

0 

0 

0 

7 

8 

s 

InftiBoria 

t 

1 

5 

19 

0 

1 

4 

1 

DlDobryoD  ooeee, 
Mallomonas,       .... 
Peridlnlam,        .... 
Traohelomonaa, . 

1 
1 

0 

0 

0 
0 

1 

0 

0 
0 

4 
1 

68 
0 

1 
0 

0 
0 
0 
0 

0 

0 
0 
8 

0 
0 

4 
0 

0 
0 

1 

0 

VermeB.    Anarea, 

0 

1 

1 

0 

0 

0 

0 

0 

MUe4Uan€0U9, 

0 

M 

40 

162 

104 

228 

9 

8 

Aoarlna,      ..... 
Zo'dglcBa 

0 
0 

0 
84 

.04 

40 

0 
152 

0 
104 

0 

228 

0 
0 

0 

0 

Total, 

0 

255 

90 

1      470 

113 

806 

116 

9 
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B08T0X. 

SuDBUBT  RiTSR  BcvFLT.  ^  ChenUcol  Examination  of  Wdier  from  Cold  Spring 

Brooke  at  Bead  of  Beservoir  No,  4,  Ashland. 

[PaiiUp«r  100,000.] 


§ 


a 


& 

o 

B 

S 

a 

m 

* 

fi 

lUnjaa.  1 
UflBO  Feb.  1 

llttl .  Mar.  1 

I 

ugrsjApr.s 

Jane  4 
July  S 
Aiig.l 
Mpt.4 

laralod.  3 
un|K«v.i 


1M64 
ISBIS 


U4UiI>M.S 


At. 


None. 
V.  slight. 
V.sHglit. 
V.tUght. 
V.tUght. 
V.aUght. 
NoiM. 
V.allglit. 
Dlsdiiei. 
IV.illfbt. 
V.allglit. 
V.  alight. 


i 


V.  alight. 

Blight, 

■ftody. 
Blight. 

Blight. 

V.ellght. 

V.  alight. 

V.  alight. 

V.aUght. 

BU^t. 

V.  alight. 

BUght. 

V.aUght. 


1.40 
1.10 
1.45 
1.40 
2.10 
S.TO 
1.00 
0.T& 
O.tt 
0.40 
1.80 
1.00 


1.44 


RiaxDCB  o« 
Btapoba- 

T10». 


o.ao 

4.M 
6.00 
8.00 
4.S0 
6.00 
6.26 
4.50 
8.80 
8.70 
T.75 
0.16 


4.04 


.1 

r 


2.65 
2.86 

2.80 
1.76 
2.60 
8.66 
8.00 
8.00 
1.46 
1.10 
8.00 
2.86 


AmonA. 


Albomlnold. 


2.42 


.0004 

.0000 
.0008 
.0000 

.0010 
.0000 
.0010 
.0000 
.0028 
.0000 
.0004 
.0006 


.0007 


.0242 
.0162 


.0202 
.0266 


.0278 


.0180 
.0100 
.0802 


.0287 


.0108 
.0128 
.0220 
.0178 
.0242 


.0268 
.0170 


11 


.0044 
.0024 
.0012 
.0024 
.0014 
.0084 
.0020 
.0082 


.01^^.0020 


.0064 
.0842 
.0208 


.0214 


.0010 
.0020 
.0020 


.0028 


.84 
.88 
.30 
.28 
.80 
.21 
.81 
.80 
.22 
.80 
.48 
.80 


.81 


HiTioosa 


I 


.0180 
.0070 
.0070 
.0080 
.0080 
.0080 
.0000 
.0020 
.0020 
.0000 
.0060 
.0080 


.0048 


.0000 
.0000 
.0000 
.0000 
.0000 
.0001 
.0001 
.0001 
.0001 
.0001 
.0000 
.0000 


a 


1.248^1. 
1.640&!l. 


1.21U 


1.4 


0.0 
0.0 
1.0 


.0000 


.8017 

1.2700 

1.7804 

1.8706,1.8 
.0406.1.1 
.68800.0 
.84700.0 

I.8865I1.9 

i 

1.001fl|].7 


1.1062:1.2 


Average  by  Tears, 


- 

1880* 

- 

- 

2.24 

•. 

- 

.0026 

.0410 

.0885 

1 
1 

.0026 

1 
.28  1 

.0060 

1 
.0001 

. 

„ 

- 

1800 

m 

- 

0.01 

4.40 

2.01 

.0011 

.024S 

.0210 

.0088 

.24 

.0000 

.0001 

. 

1.5 

- 

1801 

- 

- 

1.80 

4.87 

2.80 

.0000 

.0207 

.0208 

.0066 

.28 

.0087 

.0001 

- 

1.8 

- 

1802 

- 

- 

1.44 

6.15 

2.67 

.0008 

.0808 

.0200 

.0042| 

.26 

.0068  .0001! 

1 

- 

1.2 

- 

18B8 

1 

- 

- 

1.28 

4.62 

2.16 

.0018 

.0248 

.0212 

.0080 

.20 

.0081 

.0001 

.07051.8 

- 

1804 

- 

- 

1.44 

4.04 

2.42 

.0007 

.0287 

.0214 

.0023 

1 

.81 

1 

.0048 

.0000 

1.10521.2 

1 

*  Jana  to  Daeamber. 

Hon  to  aaalyaea  of  1804:  Odor,  dlattnetij  vegatabla Tha  aamplaa  wara  ooUecUd  from  the 

btook,  at  ita  eatranea  Into  Baaarvoir  No.  4. 


Microscopical  Examination, 

Tba  average  namber  of  organtama  per  eablc  oentimeter  found  In  theae  samplea  waa  52. 
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BOSTON. 

SuDBUUY  River  Supply. 


Chemical  Examination   of  Water  from   Besertoir 
No.  4t  Ashland, 


[Parts  per  100,000 

.] 

§ 
Z 

§ 

'S 

2 

m 

Q 

Appkaiamcb. 

Kkhiduk  on 

EVAPOKA- 

Tiojr.        1 

Ammonia. 

1 

• 

o 

B 

1 

US 

.HO 

NiTROGKK 
AS 

. 

1 

s 
• 

e 

M 

0 

• 

•3 

1 

• 

a 

• 

1 

Loss  on 
Ignition. 

• 

1 

Albaminoid. 

• 

£ 

m 

V 

SB 

1 

a 

^4 

• 

1 

•a 
Of 

Sus- 
pended. 

• 

: 

s 

11678 

1S94. 

Jan.  1 

Slight. 

Slight. 

1.00 

4.85 

1.90 

.0104 

.0214 

.0188 

.0026 

1 

.0100 

.0001 

.98441.1 

11091 

Feb.  1 

Slight. 

Slight. 

1.10 

4.45 

2.20 

.0062 

.0178 

.0152  .0026! 

1 

.32 

.0120 

.0000, 

.93221.8 

11822 

Mar.  1 

Diatioet. 

Slight. 

0.78 

4.00 

1.45 

.0078 

.0206 

.0176  .0030, 

.36 

.0070.0002 

.7280 1.3 

11074 

Apr.  2 

,V.  alight. 

Slight. 

1.00 

3.80 

1.70 

.0028 

.0288 

.0212  .0026 

.26  j 

.0070 

.0001 

.7677  0.8 

12181 

May  1 

Slight. 

Slight. 

1.00 

3.60 

1.75 

.0000 

.0170 

.0158  .0012 

.28  1 

.0050  .0001 

.84160.8 

12209 

Jane  4 

;  Slight. 

Slight. 

I.OO 

4.25 

2.00 

.0024 

.0212 

.0198  .0014 

.26 

.0050.0000 

.79681.1 

12455 

Jaly  2 

Slight. 

Slight. 

0.90 

3.55 

1.50 

.0004 

.0186 

.0172  .0014 

.29! 

.0000.0000 

.90091.3 

12644 

Aug.  1 

,  Slight. 

Slight. 

0.78 

4.35 

1.90 

.0000 

.0230 

.0210  .0020 

.28 

.0000 .0001 

.7314,0.8 

12863 

Sept.  4 

Slight. 

Slight. 

0.70 

3.40 

1.85 

.0004 

.0188 

.0152  .0036 

1          1 

.27 

|.  0020;  .0001 

.5608 0.» 

1 

13063 

Oct.  2 

,  Dlatloct. 

Slight. 

0.55 

3.65 

1.60 

.0004 

.0168 

.0154 

.0014 

.31 

.oooo'.oooo 

.56881.1 

13240 
18416 

Nov.  1 
Deo.  3 

DiatlDct, 
clayey. 
Slight. 

Coos, 

earthy. 
V.siiKht. 

0.45 
0.75 
0.83 

3.50 
4.60 

1.65 
2.00 
1.73 

.0002 
.0010 
.0027 

.0196 
.0240 
.0202 

.0180  .0016 
.0208.0032 
.0180  -QO^ 

.28 
.31 

.29 

I 

.0030  .0000 
.0030.0000 
.0045  .0001 1 

.4966> 
1.1396 

1.3 
l.S 

1.1 

Av. 

4.00 

.7840, 

1 

1          1 

,    1 

Averages  by  Years, 


1887* 

1888 

1889 

1800 

1801 

1892 

1893 

1894 


0.74' 

1 

3.71 

1.51 

0.72i 

3.83 

1.70 

0.85 

3.48 

1.08 

0.61 

3.67 

1.40 

0.53 

8.24 

1.55 

0.64 

3.60 

1.52 

0.77 

1 

3.64 

1.63 

0.83 

4.00 

1.73 

.0005 
.0007 
.0016 
.0008 


.0246 
.0277 
.0251 
.0222 


.0006  .0187 


.0002 
.0024 
.0027 


.0200 
.0206 
.0202 


.0218 
.0101 
.0156 
.0168 
.0178 
.0180 


.25 
.22 

.0033  .23 

l| 
.0031|i.24 

.0031|'.20 

.0032,123 

1; 

.00331.23 
.0022'. 20 


.00331  - 
.0054;.0001 
.0068' .0002 
.0006.0001 

.0062  .0001 

I 
.0061. 0001 


.0048 


.0001, 


.0045  .0001 


-  l.T 

.  0.9 

-  1.1 
.67731.0 
.7840,1.1 


*  Jane  to  December. 

Note  to  analyses  of  1804 :  Odor,  generally  distinctly  vegetable,  sometimes  none. The  samples 

were  collected  from  the  reservoir,  near  the  gate-hoase,  1  foot  beneath  the  surface.    For  monthly  record 
of  height  of  water  in  this  reservoir,  see  table  at  end  of  Boston  analyses. 
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BOSTON. 

ScDBUBT  RiTER  ScppLY.  —  Microsooptcol  Examination  of  Water  froni  Reservoir 

No.  4y  AsMand. 

[Number  of  organisms  per  enbic  eoitlmetar.] 


1S94. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  Jane.  July. 

Aug. 

Sept. 

Oct. 
3 

Not. 

Deo. 

Day  of  ezamloatloD,    •       •       .       . 

2 

2 

2 

8 

2 

6 

8 

2 

5 

2 

8 

Namber  of  Bample,      .... 

11573 

llOOl 

11822 

11074 

12131 12200 

12455  12644  12863 

1806313240 

18416 

PLANTS. 

Diatomace«o,       .      •      *      . 

1 

0 

pr. 

8 

52 

8 

1 

88 

8 

IS 

18 

4 

Cjreiotella, 

Tabelkrla,     I       !       I       !       I 

0 
1 
0 

0 
0 
0 

0 

2 

1 

2 

42 

8 

0 
0 
0 

1 
0 
0 

36 

48 

6 

8 
8 
0 

0 

1 

a 

8 
5 
2 

2 
2 

0 

Algte 

0 

0 

0 

f 

8 

81 

tn 

14 

48 

to 

8 

8 

Chloroeorcas,         •        •        •        . 

Pmoeoeens, 

KaphkUom, 

Bccaadennao,        •        •       •       • 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
2 
0 
0 
0 

0 
0 
0 
0 
0 

65 

1 

85 

0 

0 

0 

2D3 

0 

6 

17 

0 
0 
0 
14 
0 

0 

0 

80 

10 

0 

0 
0 
4 
16 
0 

0 
0 
0 
8 
0 

0 
0 
0 
0 
0 

Fungi.  Creoochriz,        • 

0 

0 

0 

f 

1 

1 

8 

8 

8 

8 

8 

8 

AiriMALS. 

Inftuorla,      .       .      •      •      • 

4 

18 

t 

1 

f 

5 

8 

1 

8 

f 

8 

8 

ClRated  isfoiorlaii,       •       •       • 

DioobiTOO, 

Dipobryon  cmom,  •       •       •        . 
HftllomooM. 

MOBU, 

PerUloinin 

TnehdomoiiM.     .       .       •       . 

0 
0 

0 
0 
0 

4 
0 

0 
10 
10 

0 

0 
10 

0 

0 
2 
0 
0 
0 

0 
0 
0 
0 
0 
0 

1 

0 
0 
0 
0 
0 
0 
2 

5 
0 
0 
0 
JO 
0 
0 

0 
0 
0 
0 
8 
0 
0 

0 
0 
0 
0 
0 

1 

0 

0 
0 
0 
8 
0 
0 
0 

0 
0 
0 

1 

0 
0 

1 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

Vennes.  Polyarthra,    . 

0 

0 

1 

pr. 

1 

8 

8 

8 

8 

0 

8 

8 

iHKelUuuout.   ZocSgloM,  . 

0 

1 

pr. 

8 

18 

8 

8 

88 

88 

88 

8 

8 

Total, 

6 

42 

6 

8 

66 

07 

242 

147 

126 

65 

28 

4 
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BOSTON". 

SuDBUBT  RiTKB  SUPPLY.  —  Chemical  Examinaiion  of  Water  from  Sudbury  Biver, 

at  Bead  of  Beservoir  No.  2,  Ashland, 

[Pftrts  per  100,000.] 


I 


a 

6 


11674 
11082 
1188S 
11075 
U182 
1S800 
U4M 
U046 
12804 
18004 
18241 
18417 


Av. 


ISM. 

Jan.   1 

Feb.  1 
liar.  1 

April  2 
Ifaj  1 

Jnoa  4 
July  2 
Aof.  1 
Sept.  4 
Oet.  2 
Not.  1 
Deo.  8 


OQ 


I 


V.eUffht. 

V.eUglit. 

V.ellffht. 

V.eUfbt. 

eUfht. 

Sllcht. 

SUght. 

Slight. 

Blight. 

V.aUsbt. 

Blight. 

BUght. 


Cone. 

BUght. 

BUght. 

Gone. 

SUght. 

BUght. 

BUght. 

BUght. 

BUght. 

Cods. 

BUght. 

earthy. 
BUght. 


1.40 
1.00 
1.80 
1.20 
2.00 
1.00 
1.60 
1.00 
0.90 
0.78 
1.80 
1.40 


1.81 


RiSIbCB  ov 

EVAPOBA- 

TIOW. 

• 

I 

4 

r 

6.66 

8.46 

4.80 

1.80 

6.16 

2.00 

8.00 

1.46 

4.20 

2.46 

6.80 

8.06 

4.46 

2.40 

4.10 

1.76 

4.86 

1.00 

4.10 

1.86 

6.10 

2.60 

5.40 

2.40 

4.08 

2.17 

AmoviA. 


Albuminoid. 

t 

i 

J 

m 

at 

h 

& 

o 

CO 

.0018 
.0000 

.0002 
.0000 
.0004 
.0080 
.0002 
.0008 
.0010 
.0000 
.0002 
.0004 


.0007 


.0210 
.0106 
.0280 
.0212 
.0260 
.0208 
.0268 
.0348 
.0220 
.0202 
.0244 
.0224 


.0231 


.0104 
.0148 
.0200 
.0192 
.0240 
.0202 
.02U 
.0286 
.0200 
.0170 
.0228 
.0200 


.0211 


.0022 
.0018 
l0024 
.0020 
.0016 
.0086 
.0014 
.0012 
.0020 
.0020 
.0016 
•0024 


.0020 


I 

6 


.80 

.86 

.81 

.86. 

.20 

.26 

.29 

.26 

.40 

.48 

.40 


.84 


NlTBOOBV 

as 


I 


i 

B 


.0080 
.0120 
.0130 
.0060 
.0060 
.0070 
.0080 
.0080 
.0060 
.0000 
.0080 
.0060 


.0069 


.0000 
.0000 
.0000 

.0002 
.0000 
.0000 
.0001 

I 

.0001 
.0002 
.0000 
.0000 
.0000 


a 

e 


M 

o 


I 


.0001 


1.2824.1.4 

.87091.3 

I 

1.1900  l.S 

I 
.84700.8 

1.16100.9 

1.424&1.3 

1.012&1.3 

.8701 O.T 

.71221.8 

I 

.souo.s 

1.22811.4 
1.88801.4 


1.0566U 

I 


Averages  by  Tears, 


m. 

1887* 

- 

.■ 

1.18 

5.87 

1.81 

.0021 

.0818 

m. 

- 

.89 

.0170 

• 

. 

- 

- 

1888 

- 

- 

1.10 

4.76 

2.07 

.0018 

.0208 

- 

- 

.29 

.0108 

.0002 

- 

- 

- 

1889 

- 

- 

1.25 

8.82 

1.88 

.0018 

.0294 

.0207 

.0027 

.80 

.0080 

.0002 

- 

- 

.. 

1890 

- 

- 

0.82 

6.18 

2.09 

.0014 

.0266 

.0220 

.0086 

.80 

.0186 

.0001 

.  1.7 

) 

- 

1891 

- 

• 

0.88 

4.86 

1.81 

.0008 

.0274 

.0286 

.0038 

.26 

.0112 

.0001 

1.1 

«> 

1892 

- 

- 

1.00 

4.71 

2.08 

.0006 

.0247 

.0214 

.0088 

.28 

.0099 

.0001 

- 

1.3 

- 

1896 

- 

- 

0.99 

4.67 

2.08 

.0019 

.0282 

.0190 

.0086 

.84 

.0068 

.0001 

.82101.4 

• 

1894 

- 

- 

1.81 

4.08 

2.17 

.0007 

.0281 

.0211 

.0020 

.34 

.0069 

.0001 

1.06661.2 

I 

*  June  to  Deoember. 

KoTB  to  analyses  of  1894 :  Odor,  distinctly  Tegetable,  sometimes  also  fUntly  monldy. The  aam. 

pies  were  collected  from  the  river,  near  the  old  dam  at  the  upper  end  of  Beserroir  No.  2,  at  a  depth  of  1 
foot  beneath  the  snrfaoe. 


Microscopical  Examination, 

The  average  number  of  organisms  per  oabio  centimeter  found  In  these  samples  was  96. 
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BOSTON. 

ScDBUST  RiVEB  SuppLT.  —  Chemtcoi  Examination  of  Water  from  Beservoir 

No.  2^  Framinghatn. 

[Pute  pw  100,000.] 


Ubsidcb  ov 

Eyapoia- 

Tioa. 


I 


6.10 
4.45 
4.05 
8.70 
8.70 
4.00 
4.40 
4.40 
8.85 
4.40 
4.00 
6.40 


4.86 


I 


8.25 
1.00 
1.85 
1.85 
1.00 
2.00 
2.40 
2.10 
1.85 
2.25 
1.85 
2.80 


2.05 


i 


Altmmlnold. 


t 


A 


.0014 
.0000 

.0006 
.0006 
.0000 

.0080 
.0006 
.0000 
.0004 
.0000 
.0016 
.0010 


.0008 


.0214 
.0168 
.0176 
.0210 
.0108 
.0284 
.0254 
.0220 
.0254 
.0206 
.0224 
.0286 


.0186 
.0144 
.0160 
.0184 
.0176 
.0218 
.021 


■ 


.0028 
.0024 
.0016 
.0026 
.0022 
.0016 
0088 


i 


.0106 
.0214 
.0186 
.0206 
.0224 


.0215.0198 


.0024 
.0040 
.0022 
.0018 
.0012 


.0028 


.80 
.86 
.82 
.28 
.81 
.80 
.27 
.29 
.26 
.36 
.87 
.48 


.88 


NiraooBx 


m 

I 


.012IJ  .0001 
.0150  .0000 


.0070 
.0070 
.0050 
.0080 
.0080 
.0020 
.0020 
.0000 
.0080 
.0050 


.0058 


.0000 
.0000 
.0000 
.0000 

.0001 
.0000 
.0001 
.0000 

.0000 
.0000 


.0000 


1.1154 
.9045 
.8400 
.7892 


ff.l 
1.8 
1.8 

0.8 


.90100.8 


1.0125 

1.0087 

.7276 

.7802 


1.1 
1.8 
0.7 
1.8 


.n420.9 


.8481 
1.4680 


.0268 


1.8 
2.8 

1.8 


Averages  by  Years, 


• 

1887*  ! 

. 

• 

1 

i.ooi 

4.94 

1.87 

.0015.0885 

.84 

.0048 

- 

• 

• 

1888  1 

- 

- 

1.08 

4.68 

8.01 

.0005 

.0800 

.80 

.0102 

.0001 

- 

- 

1888 

- 

- 

1.04 

1 

8.42 

1.26 

.0015 

.0296 

.0202 

.0044 

.29 

.0075 

.0002 

- 

- 

1890 

- 

- 

0.77 

4.58 

1.88 

.0010 

.0285 

.0191 

.0044 

.28 

.0128 

.0001 

• 

1.7 

1891 

- 

- 

0.72 

4.02 

1.68 

.0004 

.0280 

.0194 

.0086 

.24 

.0105 

.0001 

- 

1.0 

1892 

- 

- 

0.89 

4.85 

1.02 

.0004 

.0281 

.0192 

.0009 

.29 

.0082 

.0001 

- 

1.8 

1898 

- 

- 

0.08 

4.28 

1.86 

.0010 

.0210 

.0190 

.0029 

1.81 

.0054 

.0001 

.8120 

1.8 

1891  : 

1 

1 

- 

1.12 

4.86 

2.05 

.0008 

.0216 .0108 

.0023 

.88 

.0058 

.0000 

.9268 

1.8 

•  JuM  to  DeMmber. 

If  on  to  analyieB  of  1804 :  Odor,  generally  dtotfoetly  vegetable.  —^Tlio  Muuplet  were  eoUected  from 
tb£  reterrolr,  near  the  gate-hoaee,  at  a  depth  of  8  feet  beneath  the  iurfaoe.  For  monthly  record  of 
hei|bt  of  water  In  thie  reterrolr,  see  table  at  end  of  Boston  analyies. 
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BOSTON. 

Sudbury  River  Supply.  —  Microscopical  Ezaminalion  of  Water  from  Reservoir 

No.  2t  Framingham. 

[Namber  of  organiama  per  cable  centimeter.] 


1804. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  June.  July. 

Aag. 

Sept. 

Oct. 

■ 
Not.  D«e. 

Day  of  ezamfDatlon,    •       •       .       . 

3 

2 

2 

4 

8 

6 

8 

2 

5 

3 

2 

8 

Kamber  of  aample,      .... 

11676  11003 

11824 

11976  12183 

12301 12467 

12646 

1 

12865 

13066 

18242 1341S 

1 

PLANTS. 

DiatomaceiD 

6 

5 

7 

48 

54 

IS 

n 

57 

91 

88 

184 

10 

Cyclotella 

Dlatoroa, 

Meloslra,        .        .       •       •       . 

Heridlon, 

Narlcula 

Bynedra, 

Tabellarla 

0 

1 

0 
0 

1 

4 
pr. 

0 
0 
0 
2 

pr. 

0 
0 

1 

0 
0 
6 

1 

2 
1 
8 
8 
3 
22 
0 

1 

0 
0 

1 

0 
40 
12 

0 
0 
0 
0 
0 
11 
2 

0 
0 
6 
0 

0 
76 

1 

0 
6 
0 
0 
0 
62 
0 

80 
6 
0 
0 
0 
6 
0 

3 
6 
2 
0 

1 

76 
1 

1 
82 
12 

0 

I 

116 

2 

0 
0 
0 
0 
0 
8 
4 

Cyanopbyce0.     •      •      •      . 

0 

0 

0 

0 

0 

0 

1 

n 

0 

0 

4 

0 

Anabiena,       .       •       .       •       . 
Meriamopedla,       •       •       •       . 

0 
0 

.    0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
6 

11 

0 

0 
0 

0 
0 

4 

0 

0 
0 

Alir» 

0 

0 

0 

pr. 

1 

4 

tio 

80 

80 

82 

4 

0 

Chlorococcat 

Protococcus,  .       •       •       •       . 

Raphldium, 

Bcencdesmus,        .       .       •       • 

Btaurogenla, 

Uloihrlz 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
.0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 

0 

0 
0 
0 

1 

0 
0 

4 
0 
0 
0 
0 
0 

192 
0 
3 
16 
0 
0 

1 

68 
8 
6 
0 
7 

0 
24 
28 
0 
0 
8 

2 

90 

22 

0 

8 

0 

0 
0 
4 

0 
0 
0 

0 
0 
0 
0 
0 
0 

PunfiTl-   Creaothrlz, 

4 

4 

t 

0 

0 

0 

t 

0 

4 

13 

0 

ANIMALS. 

Bblzopoda.    DlfflagU, .      • 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

0 

Infusoria,       •      •      •      •      . 

1 

0 

1 

1 

0 

8 

0 

0 

8 

0 

0 

Eaglena,         •       •       •       •       . 
Mooaa,    .••••• 
Perldlniam,    .        •       •       •        . 
Trachelomonaa,     •       •       •       . 

0 

1 

0 
0 

0 
0 
0 
0 

1 

0 
0 
0 

1 

0 
0 
0 

0 
0 
0 
0 

0 

4 
4 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
3 

0 
0 
0 
0 

0 
0 
0 
0 

Vermes.    Botatorian  ova,     • 

0 

0 

A 

1 

t 

0 

0 

0 

0 

0 

0 

0 

MUcettanwuM,    Zodgloaa,  •       • 

0 

t 

t 

44 

25 

96 

104 

1 

68 

1 

176 

124'     0 

1 

Total, 

11 

11 

11 

64 

102 

42 

402 

264 

219 

333 

314 

10 

Xo.  34.]    EXAMINATION  OF  WATER  SUPPLIES. 
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BOSTON". 

ScDBUST  River  Supply.  —  C5^cmfcaZ  Examinalion  of  Water  from  Walker's  Brook 

Marlborough, 

[ParU  per  100,000.] 


• 

J                   Arr 

■  ^FAK^TTi 

Kkbidcb  osi 

EVAPOIA- 

AmfOsiA. 

i 

2.34 

NlTaOOBM 

• 

1 

S 

Tioir. 

1 

AM          1 

i               1 

1 
1 

1 

s 

Lesson 
Ignition. 

• 

1 

Albamlnold. 

1 

• 

1 

t 

1^ 

1 
1 

1 

1 

1 

18M.  ; 

11571   Jan.   1    Diatbiet. 

Cods. 

0.45 

16.10 

4.20 

.0128 

.0168 

.0150 

.0018 

.8250 

.0012 

.4076 

116BT  Feb.  1    DiaUnet. 

Cons., 

earthy. 
Slight. 

Slight. 

o.ao 

14.40 

4.06 

.0812 

.0116 

.0100 

.0016 

2.10 

.2000 

.0014 

.8286 

11813    liar.  1    Dlstlnet, 

milky. 
HMD   Apr.  2    V.  alight. 

0.55 
0.60 

15.20 
13.80 

• 

S.86 
3.45 

.1440 
.0336 

.0264 
.0180 

.0288 
.0158 

.0026* 
.0022 

2.60 
2.18' 

.2000 

i 

.2760 

.0018 
.0080 

.6640 
.4520 

12127   May   1     DIatlDet. 
BSIO  Jiiaa  5    Slight. 

Cona., 
fibroos. 

Slight. 

0.50 
0.65 

1 

18.46 
14.95 

4.80 

8.85 

1 

.0024 
.0016 

.0210 
.0218 

.0162 
.0204 

.0048 
.0014 

2.20 
2.35 

.2000 
.2750 

.0028 
.0011 

.4044 
.5251 

12467  Jaly  5    Slight. 

Slight. 

0.20' 

18.05 

2.70  ' 

.0018 

.0176 

.0148 

.0028 

1.86 

.1850 

.0020 

.2087 

12611  •  Ang.  1     Distinct, 
!                      mUky. 

12U3|B«pt.4,  Slight. 

1               1 

Slight. 
Slight. 

0.80 
0.17 

16.00 
10.65 

8.60 
1.00 

.0000 
.0016 

.0172 
.0106 

.0164 
.0074 

.0018, 

1 
.0032 

1.04  .0500 

1.40.  .1000 

ji 

.0006 
.0004 

.3005 
.2156 

U06i2  Oct.    1    V.sHght. 

Slight. 

0.15 

12.26 

2.86 

.0000 

.0182 

.0118 

.0014 

1.78 

.1750 

.0007 

.1035 

132S2   Not.  1    Thick. 
lU2a  Dec  3    Slight. 

HeaTy, 
earthy. 

Cons. 

1.40 

0.42 

t 

0.46 

18.20 
! 14.15 

6.10 
3.65 

.0238 
.1020 

.0871 

.0686 
.0180 

.0217 

.0400 
.0150 

.0171 

.0286 
.0060 

1 
.0046 

2.10 
1.07 

2.08 

.1800 
.2000 

.1888 

1 

.0025 

1 

.0035 
.0018 

1.3806 
.8610 

5.0 

At 

• 

14.14 

8.62 

1 

.4701 

4.0 

1 

Averages  by  Years, 


- 

1802 

— 

• 

0.40 

16.84 

4.85 

.0307 

.0274 

.0225 

.0048 

1! 
2.68'  .2075  .0087 

1 

5.T 

1808 

( 

- 

0.88 

14.05 

8.04 

.0887 

.0257 

.0180 

.0077 

1.06 

.1878  .0020 

.3027 

5.2 

- 

1804 

1          - 

- 

0.46 

14.14 

8.62 

.0371 

.0217 

.0171 

.0046 

2.08' 

1 
1 

.1888  .0018 

.4701 

4.0 

Odor,  generally  dlstiDctly  vegetable  and  mtisty,  becoming  stronger  on  heating. The  samples  were 

collected  from  the  brook,  at  the  first  road  bridge  below  Maple  Street,  aboat  a  mllo  soath  of  the  centre  of 
the  dty  of  Mariboroagh.  This  series  of  analyses  is  being  made  in  order  to  determine  to  what  extent  the 
poQntlon  of  the  brook  will  be  diminished  by  the  introduction  of  a  sewerage  system  into  the  city  of  Marl- 
bonmgh.   The  systetn  was  pat  in  operation  in  the  latter  part  of  1801. 
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BOSTON. 

SuDBUBr  BiYEB  SuppLT.  —  Chemical  Examination  of  Water  from  Stony  Brook, 

at  Head  of  Benervoir  No,  3,  Southborough,^ 

[Parts  p«r  100,000.] 


JQ 


11676 
116M 
118S6 
11977 
12184 
12802 
12468 
12847 
12866 
18066 
13248 
18419 


▲▼. 


18M. 

Jan.  1 

Feb.  1 
Mar.  1 
Apr.  2 
May  1 
Jane  4 
July  2 
Aug.  1 
Sept.  4 
Oct.  2 
Not.  1 
Deo.  8 


AppiAiJUioa. 


V.elifht. 

BUght. 

Blighl. 

V.allght. 

Slight. 

Dtatinct. 

Diatinet. 

Decided, 

green. 

DlsUoct. 

BUght. 

Distinct, 
clayey. 
BUght. 


t 


V.sUght. 

V.  slight. 

Slight. 

BUght. 

V.sUght. 

Ck)ns. 

Slight, 

brown. 
Cons., 

msty. 
Blight, 

msty. 
BUght. 

Slight, 

earthy. 
Cons. 


s 


1.00 

1.00 

I 

1.10 
1.28 

2.00 

1.90' 

I 
1.00 

I 

1.20 
1.60 
0.06 

1.40 

I 
1.00 


1.82 


RaSIDCB  ON 

EVAPOBA- 

TIOH. 

• 

1 

§1 

r 

7.16 

2.66 

6.00 

2.40 

6.00 

2.26 

4.86 

2.20 

6.20 

2.76 

6.70 

2.80 

7.60 

8.40 

7.16 

2.46 

6.86 

2.86 

6.70 

2.66 

7.85 

8.10 

6.46 

8.26 

6.41 

8.64 

A1IM09IA. 


I 


AlhnmiDold. 


I 


1 


.0016 
.0002 

.0012 
.0008 
.0012 
.0014 
.0080 
.0002 
.0024 
.0086 
.0026 
.0004 


.0228 
.0192 


.0906 


a 


I 


.0028 


.0160 
.0204  .0184 
.0242*. 0218 
.0282  .0246 
.0876  .0860 
.0468.0880 
.0422.0276 
.0460.0696.0064 

.0378.  .0270  .00081 

I 
.0026 

.0024, 


.0022 
.0082 
.0020 
.0024 
.0016 
.0026 
.0288 
.0140 


6 


.0884.0808 
.0170'. 0146 


.0602.0240 

I 


.48 
.60 
.45 
.40 
.42 
.82 
.86 
.68 
.68 
.63 
.63 
.64 


.0058 


.48 


NlTtOOBV 

as 


» 


I 

s 


a 

0 


i 

l;l 

o     a 


.0410  .0003  1.02802.3 


.0800.0001 
.0280.0001 
.017o|.0002 
.007o|.0001 
.0080.0001 


.0000 
.0070 


.0000 
.0000 


.0020.0001 

I       I 

.0000.0001 


.0080 
.0880 


.0151 


.0001 
.0006 


.0001 


i  .91641.9 
.94801.8 
.88081.8 

1.20061.7 

• 

1.8TS91.I 

t 
1.4020  2.T 

I 
.93042.3 

.96481.S 

.839i2.1 

1.16273.5 

.98502.3 


1. 


3.0 


Average$  by  Years, 

• 

1887t 

- 

• 

0.97 

7.74 

2.86 

.0029 

.0866 

• 

- 

.74 

.0162 

- 

1 

- 

1888 

- 

- 

1.16 

6.26 

2.17 

.0088 

.0812 

- 

- 

.51 

.0806 

.0004 

1 

.■ 

1889 

- 

- 

1.11 

6.04 

1.76 

.0061 

.0306 

.0280 

.0028 

.50 

.0275 

.0006 

i 

- 

1890 

- 

• 

0.72 

7.81 

2.12 

.0088 

.0267 

.0226 

.0082 

.66 

.0262.0008 

.    3.4 

- 

1891 

- 

w 

0.86 

6.16 

2.24 

.0047 

.0291 

.0266 

.0085 

.59 

.0226  .0008 

.    S.O 

- 

1892 

- 

* 

0.96 

6.19 

2.86 

.0016 

.0291 

.0262 

.0089 

.49 

.0202  .0002 

.     1.3 

1 

- 

1893 

- 

• 

0.95 

6.08 

2.27 

.0027 

.0878 

.0287 

.0086 

.50 

.0127.0002 

.82542.0 

1 

- 

1894 

- 

- 

1.82 

6.41 

2.64 

.0028 

.0802 

.0249 

.0053 

.49 

.0161 

.0001 

1.06882.0 

*  The  qnallty  of  the  water  in  Stony  Brook  at  the  npper  end  of  Reserroir  No.  8  and  In  the  reeer^olr 
Itself  has  been  unfavorably  affected  during  much  of  this  year  by  the  eonstmetion  of  a  dam  for  another 
reservoir  further  up  the  brook,  which  has  made  it  necessary  to  flood  the  swamps  above  from  time  to  timst 
and  subsequently  to  allow  the  water  to  flow  down  the  brook. 

t  June  to  December. 

NOTB  to  analyses  of  1894:  Odor,  generslly  dlstinotly  vegetable,  frequently  mouldy  or  unplesisnt; 

on  heating,  the  odor  is  stronger  and  freouently  grassy. The  samples  were  collected  from  the  brook, 

about  60  feet  below  the  flrst  road  above  Aeservolr  No.  8,  at  a  depth  of  1  foot  beneath  the  surface. 

Microscopical  Examination. 

The  aversge  number  of  organisms  per  cubic  centimeter  found  In  these  samples  was  600.  The  greateit 
numbers  found  were  8,210  in  August,  consisting  chiefly  of  Dlatomaoeie  {Melotira)  and  Zobglcea,  aod 
1,164  in  September,  chiefly  Diatomaoes  (Ji4loiira)t  Orenothrix  and  ZoSgluqp. 


No.  34.]    EXA^nXATION  OF  WATER  SUPPLIES, 
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SUDBTTBT 


BOSTON. 

—  CkemiecU  Examinaiion  of  Water  from  Reservoir 
No.  3t  Frcamngham^ 

[Fluto  per  lOO/WO.] 


I 

a 


I 
I 
I 


i  liM.  i 


11577  •  Jao.  1 
lieu.  Feb.  1 
USSe  Mar.  1 


8 

8 
f 


I. 

Si 


V.illsfal. 
V.  ■light. 
Distlset. 


I197S 

m» 

12303 


Apr.  2   SHcht. 

May  I'lBUgbt. 

JoMi!  I>eeldMl, 
I3I56  JiOy  2t  DifltlBCt. 
ISUS  Aog.  1  jBUght, 
]»:  8epL4 

1»6T  Oct.  2 

I 

ISSUNof.  1 


iSd^hi.      lO-M)-  6.06 
.V.iU^t.  10.00 1  6.76 

'silgJfaL 
Bttflit. 


IMaDlDee.8 


DlrttDct. 
Dtottnet. 
DtotJset. 
Slight. 


At. 

-      1  .1 


10.76 !  6.70 


browB. 
Slight. 

Blight, 


8Ugh^ 

browB. 
Oona. 

Com., 

green. 
Cont., 

green. 


ruidcs  on 

Etatoba- 

nos. 


1 


0.00 

I 

1.10 
1.2& 
1.80 
0.05 
0.85 
0.00 
0.70 
1.05 


0.07 


4.66 
4.S6 
6.66 

6.60 
6.60 
6.26 
6.40 
6.20 
6.00 


r 


2.66 

2.80 
1.00 
1.06 
1.70 
2.46 
2.60 
2.10 
2.10 
2.00 
2.16 
2.40 


Ammomia. 


i 


Albamlnold. 


.0024 
.0016 
.0088 
.0008 
.0010 
.0010 
.0016 
.0006|. 


4 

s 


A 


.0286  .0286  .0026 
.0186  .0172''.0014 


.0102 
.0210 
.0904 


.0174'. 0016 
0022 
.018e:.0018 
.0270.0066 


.016«. 


IZ^ 


0206  .0260  .0086 
0276 .0260*  .0026, 


.66 

.47 
.47 
.86 
.tt 
.36 
.82 


0040|.0906l. 0272  .0666 

I        I        i 

.00181.0380  .0260  .0070, 

I  I  '  I 

.0020' .0800 .0246 .0062.  .88 


.87 
.42 


.0012 


6.48     2.20  I 


I  I 

.0280.0266.0024 


II 


.0018 


.0286  .02811.0084, 

I  I 


.48 


.41 


NmooBx 

Ae 


i 


.0260 
.0800 
.0200 
.0160 


.0003 

.0002 
.0002 
.0002 


.0Um)'.(>OO'J 

.0100 

.0060 


.60642.2 

.98861.0 


.0020 


.0001 
.0002!  1.0306 


.0001 


.00-2')  .0002i 


.0000 
.0000 

.0070 


.0106 


.0000 

.0000 
.0001 


.0002 


.81761.8 
.744«1.6 
.6066,1.8 


1.6 
2.2 


.80322.8 


.7161 

.8468 

.7664 

1.0164 


1.8 
1.8 
2.1 
2.1 


.8602 


1.0 


Averagee  by  Tear$. 


\m*\ 

\  1888 
1880 
1806 
1881 


18BI 
1804 


0.01 
0.08 
0.84 


0.62    5.40 


5.48 
4.08 
4.80 


0.60' 

I 
0.72 

o.oo' 

0.07 

I 


4.76 
6.17 
4.07 
6.48 


2.02   1.0073 


1.70 
1.60 
1.64 


.0036 

I 

'.0042 

I 

Looao 


.0316 


1.66  '  .0032]. 0242 
1.07   |.0Q24.0264j 

2.10  ''.0028.0260! 

I' 

2.90  1.0018  .09B6J 

1.  \ 


,0806  .0264:.0062 
.0288 


J 


.48 
.40 
.42 


.0107  .0041  .40 
.0200^.6042  .88 
.021ft  .0085*  .40 

I      '! 

.0907 .0052*. 87 

I 
.0231. 0084 


.0170 
.0218 


.0003 


.0182  .0008 


.0220 
.0100 
.0211 


I 


t 


.41 


.0002 
.0002 
.0001 


.0100  .0001 


.0105' .0002 

I 


.7061 


2.0 
1.7 
1.6 

1.7 


.86021.0 


*  Jane  to  Deeembv. 

'^vn  to  aoelyMs  of  18M :  Odor,  genmlly  distinctly  Tegeleble,  freqnently  aooldy  or  ooplMMOt. 
— The  Hfflplee  were  eoOecSed  froa  the  reeerrotr*  near  the  gtte-hooee,  at  •  depth  of  8  feet  broeelh 
the  tutiM.  For  monthly  leeord  of  height  of  water  la  thle  reeerrelr,  eee  table  at  end  of  Boetoo 

mlyioi. 


100 


STATE  BOARD  OP  HEALTH.         [Pub.  Doc, 


BOSTON. 

SuDBDHY  Rn'ER  SUPPLY.  —  MtcToscopicol  Eocaminaiion  of  Wetter  from  Resentnr 

No,  5,  Framingham, 

[Namber  of  orgftnismt  p«r  ovblo  centimeter.] 


18M. 


Jan. 


Feb. 


Mar. 


Apr. 


Hay.  Jane- 


Day  of  examination,    . 
Namber  of  sample,     • 


2 
11577 


2 
11095 


2 

11826 


1197812135 

I 


6 
12303 


Jnly.  Ang. 


Sept 


Oct. 


KoT.IDcc 


8 
12459 


2 
12648 


6 

12867 


8 
19067 


18S44  134S0 


PLANTS. 
DiatomacesB, 

Aaterlonella,  .  . 

Cycloiella,      .  • 

Dlatoma,         .  • 

Melosira,        .  . 

tiynedra,         •  • 
Tabellaria,     . 


CyanopbycesB, 


Anabaena, 
Chroocoocos, . 
Clathrocystia, 
Herismopedia, 
Microcystis,  . 


Aiem, 


Chiorococcns, 
Proiococcus,  . 
Rapbidlum,  . 
Btaurogenla,  . 
Tetraspora,    . 


8 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

2 

pr. 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

s 

0 
0 
0 

pr. 

pr. 


0 
0 
0 
0 
0 


185 

0 

1 

2 

6 

104 

28 


0 
0 
0 
0 
0 


0 
0 
0 
0 
0 


0 
0 
0 
0 
0 


147 

17 

25 

11 

1 

69 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

10 

0 

0 

1 

2 

0 

22 

10 

0 

84 

1 

2 

1 

0 

62 

8 

1 

0 

0 

0 

4 

0 

28 

15 

0 

4 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

11 

9 

0 

0 

0 

0 

0 

0 

0 

0 

2 

6 

t 

n 

98 

808 

172 

0 

10 

98 

0 

0 

0 

10 

0 

800 

172 

2 

2 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

18 


1,264  m 


9 

940 

2 

182 

2 

28 

0 

0 

2 

76 

1 

88 

23 

12 

11 

1 

0 

0 

9 

2 

0 

OBI 

8 

1 

22 

42 

0 

0 

6 

14 

16 

12 

0 

8 

0 

8 

240 

34 

0 

2 

0 
196 


0 
0 
0 
0 
0 


0 
0 
0 
6 
0 


ANIMALS. 


InAiBoiia, 


Chlsmydomonas,  . 

DInobryon  cases,  . 

Eugiena,         .  . 

Mallomonas,  .  • 
I'erldiuium,    . 
Byncrypta.      . 

Irachelomonas,  . 


Vermes, 


Polyarthra, 
Kotlfer.  . 


Mi9C€Uaneou9,    ZoSgloea,  . 


40 

40 

0 

pr. 


pr. 


0 
0 


0 
0 


0 
0 
0 
0 
0 
2 
0 


pr. 
pr. 


0 
5 
0 
0 

0 


0 
0 


0 
0 
5 

0 
pr. 


0 
0 


10 

0 

10 
0 
0 
0 
0 
0 


1 

1 


0 
0 
0 
0 

1 

0 

0 


0 
0 


0 
0 
0 
0 

1 

0 
2 


0 
0 


0 
0 
0 
2 

1 

0 
2 


0 
2 


0 
0 
0 
0 
0 
0 
8 


0 
0 


•  • 


68 


24 


0 
0 
0 
0 

1 

0 
0 


0 

0 


17 


0 
0 
0 

8  , 
0  ■ 
0 

1 


0 
0 


0 
0 
0 
0 
0 
0 
0 


0 
0 


Total, 


43 


2 


146 


229 


44 


145 


849 


101 


79 


1,327    428 


Xo.34.]    EXAMINATION  OF  WATER  SUPPLIES.  101 

BOSTON. 

CocHTFUATE  SuPFLT. —  Chemical  Examination  of  Water  from  Lake  Oochituate^ 

in  Wayland. 

[PMta  per  100,000.] 


2 


e 

9 


o 


Appbakascs. 


■e 

3 


I 


o 


lUTS  Jtn.  1    V.sUcht. 


Ue94  ?^b.  1 

1 
mr,  I  Mar.  I 


Blight. 
SUffht. 


11079  Apr.  2 1  Sllsht. 

1SI3S  May  ij^SUsht. 

ISStA  Jose  4    DUtloet. 
I 

12460  Jnlj  2    DIstlDCt. 


13U8  Aag.  1 
1256S,9cpt.4 


Bllflit. 


Slight, 
green, 
laoa  Oct.  2    V.eUght. 

11245  ;XoT.  1    Dietliict. 

13422  Dec  3    Dtotinet. 


Cons. 

Slight, 

white. 
Slight. 

Gone., 

green. 
Cone. 

Slight, 

green. 
BHght. 

V.sUgfat. 

Slight. 

Cone. 

SUght. 

Cons., 
green. 


0.10 
0.20 
0.23 
0.23 
0.23 
0.30 
0.20 


BxaxDUE  ON 

Etapoia- 

Tioir. 


I 


r 


4.80 
4.80 
5.00 
4.80 
4.50 
4.55 


1.50 
1.00 
1.35 
1.45 
3.00 
1.60 


4.80     1.05 


,0.18'  6.00     1.60 


Av. 


0.15 
0.15 
0.18 
0.28; 


4.70     1.85 


5.80 


3.60 


5.00     1.26 

I 

3.70     1.16 


0.20||  4. 


76     1.60 


Ajocovia. 


Albamlnotd. 

■ 

• 

1 

• 

1 

t 

1 

38 

a 

hi 

H 

o 

oo 

.0016 
0016 
0000 

,0006 
0006 
,0008 
,0000 
,0006 
,0016 
,0000 
,0008 
,0012 


.0188  .0108'. 0080 

I 

.0134  .0112 


I 

g 


.0148 


.0022 
.0018 
.0083 


,0008 


.0180 
.0184  .0162 
.0174.0138.0086 

I        \ 

.0182  .0166 .0026 
.0180J. 0162. 0028. 

.0162.0186.0026 

I    I 
.0172  .0134;. 0088 

.0148!  .0132  .0016 

.0100 

.0174 


.0163 


.0136  .0024 
.0154). 


.0020 


.0187..0026|,.51 


.40 
.68 
.51 
.60 
.68 
.47 
.54 
.61 
.60 
.56 
.48 
.50 


NrriooBx 


S 


4 
s 

S 


.0076.0002 
.0130.0000 
.0100*.  0000 

.ouoLoooi 


.0080 
.0160 
.0060 
.0060 
.0000 


e 

6 

e 
& 

M 

o 


.3672 
.4013 
.4040 
.8206 


.00011.3888 


.0001 
.0003 


.0008  .4004 


.0001 


.0020.0000 


.0080 
.0080 


.0070 


.0000 
.0000 


.3042 
.4081 


.3157 
.3871 
.3811 
.3211 


.0001  .3600 


1.0 
1.0 
2.1 
1.0 
3.1 
1.8 
3.8 
3.4 
1.8 
3.1 
3.1 
3.3 

3.1 


Averages  by  Tears. 


1887* 
U88 

1880  *i 

1890 

1801 

1863 

1808 

1804 


0.21,1  5.06 


0.19, 

I    I 
0.83 


4.90 
5.06 


0.21;  4.74 

0.24  4.66 

I 

0.15  4.61 


0.21 


4.64 


1.88 


.0017 


1.34  I  .0088 


1.68 
1.08 
1.44 
1.86 


.0026 
.0016 
.0017 
.0018 


1.68  ,  .0015 


0.20,  4.76  !  1.60 


.0186  - 

.0317  - 


.44 

.48 


.0006|  • 
.0137.0003 


.0310  .0177  .0088  .46  ,  .0306  .0003, 


.0184.0149.0085'  .40 


.0183 
.0168 
.0168 


.0146. 0087,  .42 

.0133'. 0085:  .48 

I    I 
.0138.0080  .46 


.0306 
.0313 


.0003 
.0002 


.0153  .0001 


3.4 
1.8 
-  !  3.0 


.0008.0002  .3926  3.0 


.0008-.0163  .0187  .0036,  .51  .0070  .0001,  .3609  3.1 

i        -  !  ' 


*  Jane  to  Deeember. 

Horn  to  nalyMfl  of  1894:  Odor,  vegeuble;  on  heating,  becoming  aUo  frequently  nnpleeeent  or 

inesj. The  ■amples'were  ooUeeted  in  the  gete-boaae.    For  monthly  reoord  of  height  of  water  In 

tUa  lake,  see  uble  at  end  of  Boston  analyses. 
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BOSTON. 

COCHITUATE  SvPPLY.^  Microscopical  Examinaiiofi  of  Water  from  Lake  CochU- 

uate^  in  Wayland. 

[Number  of  organiame  per  cubic  centimeter.] 


1894. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Joly. 

Ang. 

Sept. 

Oct 

Not. 

Dec. 

Day  of  examinatioD,  . 

2 

2 

3 

4 

8 

6 

.3 

2 

6 

8 

2 

Number  of  sample,     . 

116T8 

11006 

11827 

11079 

12188 

12804 

12460 

12649 

12868 

13068 

1324d 

1U22 

PLANTS. 

OiatomacesB, 

59S 

880 

lot 

1|092 

1,888 

827 

8 

6 

17 

854 

510    t,S86 

Asterionella, 
Oyolotella,     . 
FragUaria,     . 
Meloslra, 

BtephaDodfscQS,   . 
Svnedra, 
Tabellaria,    . 

242 

86 

7 

194 
0 
0 

114 

640 

20 

0 

142 

0 

pr. 

78 

64 

1 
0 
40 
0 
0 
7 

870 
64 
10 

440 
2 

112 

104 

020 

84 

0 

416 

4 

2 

440 

6 

280 

0 

12 

0 

10 

620 

0 
8 
0 
0 
0 

1 

4 

0 
1 
0 

4 
0 

1 
0 

0 

1 

0 
0 
0 
16 
0 

252 

1 

59 

20 

0 

22 

0 

424    1,4» 

8          I.' 

-29        10 

49        6^ 
0        10 
0          0 
0          I 

CyanopbycesB,    . 

0 

n 

16 

0 

0 

7 

23 

16 

12 

89 

382         0 

Anabnna, 
Apbanocapsa, 
Clathrocystis, 
Hlcrocystla,  . 
OsclUarla,     . 

0 
0 
0 
0 
0 

0 
0 
0 
2 

ao 

0 
0 
0 
0 
16 

0 
0 
0 
0 
0 

0 
0 
0 

0 
0 

7 
0 
0 
0 
0 

10 
0 
0 
4 

0 

10 
0 
2 

4 
0 

6 

0 
3 

4 
0 

10 

84 

2 

2 

1 

332         i> 
0          0 
0          0 
0           0 
0  ,       V 

^LllfOOf                 •               •              a               • 

10 

0 

pr. 

6 

10 

67 

126 

15 

80 

46 

0        0 

CbloroGoeciis, 
QloBocapsa,  . 
Hyalotheca,  . 
ProtococGus, 
Stauragenla,         .       . 
Tetraspora,  . 

0 
0 
0 
10 
0 
0 

0 
0 
0 
0 
0 
0 

^'6 

0 
0 
0 
0 

0 
2 

% 
% 

2 
0 
8 
0 

I 

0 

0 

0 

16 

16 

36 

126 
0 
0 
0 
0 
0 

0 
0 
0 
15 
0 
0 

0 
0 
0 
80 
0 
0 

6 
9 
0 
30 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 

0 

0 

ANIMALS. 

Rbizopoda,    . 

7 

10 

1 

2 

0 

0 

0 

0 

0 

0 

0       c 

Actioophrys, 
Dlfflugia, 

7 
pr. 

10 
pr. 

1 

0 

2 
pr. 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Infusoria, 

7 

n 

pr. 

40 

17 

1 

6 

0 

0 

8 

84       17 

Dloobryon,  . 
DlDobryoD  cases, . 
MallomoDas, . 
PeridlDlnm,  . 
Synura, . 
Tlntinoidliim, 
Traehelomonas,    . 

0 
2 
0 

4 
0 
0 

1 

2 
6 
0 
4 
8 
1 
2 

0 

0 
0 

0 

22 

16 

6 

0 

2 

pr. 

0 
12 
8 
2 
0 
0 
0 

0 
0 
0 

1 

0 
0 

0 

1 

0 
0 
3 
0 
0 
1 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 

1 

1 

0 
0 

1 

2 
6ii 

1 

0 

1 

0 
0 

0 

0 
0 

11 

0 

4 

VermeB 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

1        4 

Annrea, 

Rotifer 

0 
0 

0 
0 

0 
0 

0 
0 

1 
0 

1 

1 

0 
0 

0 
0 

! 

0 
0 

0  0 

1  4 

OruBtacea.   Oyolops,  . 

0 

.01 

.02 

.02 

.01 

0 

0 

0 

.02 

0 

0        0 

1 

MUeellanecui,    ZoQgloM, . 

18 

0 

6 

11 

140 

0 

24 

7 

0 

8 

1 

0        0 

Total 

636 

984 

126 

1.166 

1 

2.084 

004 

186 

44 

109  , 

604 

907    1.5» 
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BOSTON. 

C  (X^HiTCATE  Works.  —  ChemiccU  Examination  of  Water  front  a  Faucet  at  the 

Massachuselts  Institute  of  Technology,  Boston, 

[Parts  per  100,000.] 


APrBAKAJeCB. 


KE8IDUB  ON 

EVAPOSA- 

TIO». 


2     ' 


p 

o 


18M. 

li:>^0  Jaa.  2 

Wa:  Feb.  I 
Ib:^  M»r.  1 
11«.J  Apr.  2 
i::^i  M17  1 
I::/!-')  Jone  5 
I:2t«l  Jal7  2 
lSi->l  Aug.  2 
i:S^  Sept.  4 

i:^m  Oeu  3 

13246  Not.  1 
m-:i   Dee.  3 


• 

«< 

i» 

s 

•0 

3 

1 

• 

u 

*o 

s 

^ 

9 

H 

as 

«■« 

V.ftUftat. 

Slight. 

SUgbU 

SUght. 

V.ftUght. 

V.  Blight. 

Slight. 

V.  alight. 

Slight. 

Slight. 

Slight. 

V.illght. 


SUght. 

SUght. 

SUght. 
'  Coda. 

Cods. 

Slight. 

SUght. 

SUght. 

V.sUght. 

SUght. 

SUght. 
'V.tUght. 


0.70' 
0.76 
0.70 
!o.60 

0.60 1 
0.65! 
0.86 

0.601 

1 
0.70. 

0.68 

0.50 

1.10 


6.70     2.65     .0012  .0162  .0162  .0030 

i       !       I 

6.05  .  2.20  I  .0004.0164.0132.0022 
6.26  '  1.06  I  .00161.0210  .0186  .0024 

4.35  1.86 

4.36  I  1.86 
4.20  I  1.60     .0004 


.0000  .0174  .0148  .0020 

!   I 

.0010!. 0132,. 0112  .0020 


' 

NlTIOOKK 

"2 

A8 

g 

1    5 

N 

e 

0 

, 

0 

m 

g 

e 

z 

s 

« 

fi    '     t 

!    R 

•M        1            M 

'    I? 

M 

S  1    :e, 

0 

1 

4.65  2.00 


I 


Av. 


4.50 
4.46 
4.50 
4.10 
4.70 


1.10 
1.60 
1.60 
1.66 
2.60 

1.83 


.0000 

.0000 


.0008  .0186 
.0000..  0146 


.0146,. 0126. 0020 

I 
.0166  .0018 

.0142.0014 

.0170.0016 


.0184 
.0166 


.0006 
.0010 


.0172 
.0186 


.0180 


.0016 


.0162  .0010 

I 
.0174.0012 


.0006  .0160  .0160  .0019 


.47 
.44 

.46 
.38 
.41 
.30 
.30 
.37 
.38 
.44 
.88 
.43 

.41 


.0060.0001 


.7816 


.0160.0000  .6704 


.0180  .0000 
'.0170  .0001 

.oiao  .0000 


.7000 
.6606 
.6043 


.0170.0000  .6221 
.0100.0001  .7084 


t 

B 

I 


1.0 
1.8 
1.7 
1.4 
1.4 
1.0 
1.8 


.0100  .00031 


I 


.6120,  2.0 


.0000  .0002 '.6621 


.0030.0000 


.6688 


.0000  .0000,  .6700 


1.7 
1.6 
l.T 


.0070  .OOOOi 


.83&4:  1.7 


.0106. iX>0'    .6306 


1.^ 


Averages  by  Years. 


-      1887* 

- 

0.36 

4.80 

1.87 

.0002.0226 

1          i 

- 

- 

.41 

1          1 
'.0004-    - 

• 

. 

-      1388            - 

0.38 

4.04 

1.58 

.0012  .0216 

j 

- 

- 

.40 

.0183  .0002 

- 

- 

-      18»    ,        - 

0.61 

4.71 

1.48 

.0006 

.0190 

.0176.0028!  .42 

1                    ' 

.0272.. 0002 

- 

• 

-       1990    1         - 

0.86 

4.70 

1.25 

.0003  .0160 

.0148.0021  .42 

.0241 

.0001 

- 

2.2 

-       1891 

0.87 

4.80 

1.63 

.0006  .0161 

1 

.0186.0026'  .37 

1           1 

.0227 

.0001, 

ji 

- 

1.7 

.       ISK 

- 

0.37 

4.70 

1.67 

.0007 

.0168 

.0188.0080  .41 
.0147  .0027,  .38 

.0210 

.0001 

- 

1.0 

-   ,   1891 

- 

0.61 

4.54 

1.84 

.0010  .0174 

.0148 

.0001 

.6076 

1.8 

-      18H 

- 

0.60 

4.14 

1.8S 

.0006  .0160.0150.0010!. 41 

.0106 

.0001! 

,1 

.0206 

1.7 

*  June  to  December. 

Kon  to  ftDalyses  of  18M :  Odor,  generally  faintly  vegetable. 
OB  heating,  and  aometlmet  alio  moaldy. 


The  odor  generally  became  stronger 
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BOSTON. 

t 

CocHiTUATE  Works.  —  Microscopical  Examination  of  Water  from  a  Faucet  ai 

the  MaaaaehuseUa  InsliltUe  of  Technology^  Boston. 

[Namber  of  organlami  per  cable  centimeter.] 


1894. 


Jan.  I  Feb. 


Mar. 


Apr. 


May. 


Jnno. 


Jaly. 


Aug.'  Sept  Oct.  '  Nov.  l^^ 


Day  of  examination. 
Number  of  sample, 


3 
11580 


2  I      3 
lim711828 


4 

11980 


2 

12126 


6 


3 


12305  12461  12661.12860 


Z  •      '2        5 
130691324613421 


PLANTS. 

Dlatomaceae, 

Aaterionella, . 

Cyelotella, 

Fragllaria, 

Meloelra, 

Bvnedra, 

Tabellaria,     . 

Gyanopbyce»,     . 

Aoabvna, 
Microcystis,  . 



Chlorococcns, 
Protococons,  . 
BcenedesmuB, 
Tetraspora,    . 

Funffl.    Crenothrlz, 


150 

128 

88 

154 

88 

50 

60 

40 

14 

2 

1 

3 

0 

0 

0 

0 

20 

24 

14 

43 

6 

28 

1 

6 

14 

24 

8 

62 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

t 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

t 

pr. 

0 

4 

818 

49 
15 
0 
84 
52 
168 


0 
0 


8 

0 
0 
0 
8 


ANIMALS. 
Bblzopoda.    Aotlnophrya,   . 

InfiiBorIa 

Cryptomonas,        . 
Dloobryoo  cases,  . 

Maliomonas 

Monas,    .       .        .       •        . 
Perldinium,    .       .       .       . 

Bvnura, 

vortlcella 


Vermes.    Rotifer,  . 


0 
0 

0 ; 

0 
0 
0 
0 


pr. 
0 

pr. 

pr. 
1 
0 


8 

0 

I 

11 

0 

3 

1 

4 

0 

1 

0 

0 

1 

1 

0 

0 

0 

2 

0 

0 
0 

1 
1 

0 
0 


144 

0 
76 
0 
0 
0 
68 


146 

2 
68 
0 
2 
1 
76 


11 


0 
0 


0 
0 
0 
0 


8 
0 
0 
0 
4 
28 


7 

0 

4 

1 

83 

n 

79 

0 

0 

20 

4 

2 

0 

0 

0 
0 
0 
0 
0 
0 
0 


0 

0 

0 

0  ' 

0 

0 

0 


0 

0 
0 
0 

1 

0 
0 


105      70 


I 


88 
0 
0 
0 
0 

17 


1 
0 


0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 


86 
1 
6 
0 
1 

26 


1 
0 


0 
0 
1 
0 


0  I 

0 

0 

0 

0 

0 

0 


41      191 


o 

3 
8 
7 
0 
21 


1       12 


11 
1 


1        S 


3 
0 
0 
0 


7; 

0; 

0  I 

1 
0  ■ 

I 

0 
0 
0 


152 

12 

U 

0 

0 


8       3       0 


0       0 


Mlscellaneout,    Zo&glooa,  . 


ToUl, 


1  I    84 


40 


152 


137 


75     205 


828 


144     283  .    50 


01 


8        0 
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BOSTON. 

MrsTiC  SoFFLY.  —  Chemical  Examination  of  WaUr'from  MytHc  Lake. 

[Taru  pec  100,000.] 


J                 Art 

U.A.C.. 

",'.5""  1 

1  1 1  1 

1 

1 

1 

1! 

■  Ml.  , 

IlKi  Ju.  1    Blight. 

113M    rub.   1     KOM. 

11«T';Kir.  1    SUibt. 

mUky. 
lltSiAp..  I,  Sltglil. 

um  a.r  i'  sii,iit. 

SHglrt. 

v.rtteht. 

Blight. 
Bllghl. 
Con.. 

.... 

15  M 
11.00 

1.90     . 
3.10    . 

I  .  DiMlnet,  I  Slight, 
1  D«ldal.''Coni., 
I    Blight.        Blight, 


IKSl  Not.  J 

mil  D(c.  s 

Dwdded.'coD.., 

:    t*nhj, 

mnlnel.    flilghl. 

1 

::.:z'.i 

.ws(  .oiTo  .oow 
.oow -oaw  .osos 

:l! 

.M  |.0»1  .OOHJi.IlM 
.&6'.O4M.00l»'.2«03 

i:; 

At 

a.ii  ii.M,3.i« 

,0Mi  .mi.nm 

■-t 

....,«..„,...«■ 

HI 

Average*  by  Tean. 


■   '   US-' 

-  I«» 

-  vm 

'-\Z 

-  ■  \m 

-     io.« 

■"■-1  ■ 

O.M     I 
ll.M    2 

IS.M    i 

•7 
00 

0M4 
OSSl 

0379  .DM  .00« 

0223. 01  J. 0040 

o2os'.DiS3.oau 

.0235  .OlM  .0007 

.041  .0438  .0018      - 
-'    OSM   OOll' 

7Z'Z^  - 

.«.o««,ooot;    - 
.40  ,oiS3.ooo:|    - 

.«  .0M3'.0012l  .2WM 

S.fi 

1" 

*  jDoa  la  D««iib«r. 

^DTE  u  uwIth*  a(  18U :  Odor,  gnanllf  noplsuut,  moDldr  or  dlugT««Bbla,  b*«i>DiiDg  •Iranger 
aabBuiii. — Tha  lugii  WBODnt  of  mldaa  on  araporiitlOD  and  of  ctaloilna  In  Iha  lui  thcaa  umpla* 
■u  du  u  ihe  Inaitntlon  of  h*  water  wheb  the  Iska  wu  drnrn  to  an  anuiuall;  low  lenl.  Tba 
mapln  wtri  collscted  Irom  the  lake,  near  the  gite-hoDac.  Poi  monthly  record  ot  height  of  water  iD 
1^  iMkt,  HI  uble  at  and  ot  BeRon  analyaea. 
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BOSTON. 

Mystic  Supply.  —  Microscopical  Examination  of  Water  from  Mystic  Lake. 

[Number  of  organisms  per  cubic  centimeter.] 


1894. 

Jan. 

Jan. 

1 

Mar. 

Apr. 

May. 

1 
June. 

1 
July.  ,  Aug. 

1 

Sept. 

Oct. 

Nov. 

Dec 
S 

Day  of  examination, 

1 

31 

2 

3 

3 

«l 

3 

2 

6 

2. 

3 

Number  of  sample,  . 

11668 

11686 

11817, 

1 

11068 

12141 

12308 

12468 

12650 

12870 

13044  ■ 

13251 

13411 

PLANTS. 

DlatomaceeB,     . 

8,206 

860 

70 

861 

746 

11,020 

8,744 

1,604 

784 

082 

8,582 

tr4fl8 

Asterionella, 
Fragilaria,  . 
Melosira,     . 
Bynedra,     •       .       • 

0 

6 

0 

8,200 

0 

0 

0 

860 

28 

0 

10 

32 

120 
13 
84 

184 

240 

100 

5 

400 

0 

220 

0 

10,800 

0 

0 

0 

9,744 

0 

1,600 

0 

4 

0 

14 

0 

720 

0 
412 

0 
280 

0 

10 

12 

6,560 

0 

1} 

0 
2,480 

^^X^^cB,               a                 ■                 •                 • 

44 

2 

2 

18 

808 

715 

300 

S80 

600 

295  - 

112 1    n 

Artbrodesmus,  . 
Chlorococcus,     . 
Protococcus, 
Scenedesmus,     . 
Btaurastrum, 

0 

0 

0 

44 

0 

0 
0 
0 
2 
0 

0 
0 
0 
2 
0 

0 
0 
5 
8 
0 

0 

1 

10 

880 

2 

0 
13 

20 

680 

2 

48 

0 

0 

252 

0 

0 

0 

0 

580 

0 

0 
0 
0 
600 
0 

0 
0 
0 
292 
8 

0 
0 

0 
112 

0 

0 

II 
0 

ji 

Fungi.    Crenotbrlz,      . 

82 

4 

0 

88 

1 

0 

0 

0 

0 

0 

0         0 

ANIMALB. 

Infusoria,    . 

0 

2 

1 

pr. 

18 

83 

120 

1.518 

81 

422 

14         i 

Encysted  protozo'dn, . 
Monas, 
Peridlnium, 
Trachelomonas, . 
Vortlcella,  . 
Vortlcella  stems. 

0 
0 
0 
0 
0 
0 

0 

1 
1 

0 
0 
0 

0 

1 

0 
0 
0 

:    0 

0 

pr. 

0 

0 

0 

1 

2 
1 
2 

7 

1 
32 
0 
0 
0 
0 

0 
0 
120 
0 
0 
0 

0 

1 

1,612 
0 
0 
0 

0 

1 

80 
0 
0 
0 

0 
2 
420 
0  • 
0 
0 

0           0 
0           0 
14           2 
0            t 
0  '         0 
0            0 

Jfi9cellaneouM.    Zoogloea, 

!   » 

16 

120 

86 

84 

ro 

24 

0 

108 

88 

0       148 

Total, 

3,285 

384 

193 

488 

1,246 

11,788 

10,188    3,607 

1 

1,528 

1.497 

6,708     2,6r.8 
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BOSTON. 

ExanUnaiion  of  Water  from  Lower  Mystic  Lake  Jor  Chlorine  and  Organisms, 

NoTB.— Thla  lake  \»  a  tidal  bailn,  and  not  a  loaree  of  watar  tapply. 


18»4. 


NoTMBber. 


NoTember. 


NoTtmter. 


NoTembar. 


Day  of  examioatloo,     . 
Nomber  of  Hunple, 
CUoriiM  (parts  par  100,000), 


18 

18286 

442 


18 

13287 

686 


IS 

18288 

640 


18 
13289 


DiatomaceeB, 


Sretotdla, 
eiorira,. 
Orthoaln, 

Synedn,  . 


PLANTS. 


AlgSB, 


Conferra,. 
Seaiedcftmas, 


1,817 

2 

0 

1,360 

6 


8 

1 


t, 


2 

0 

1,364 

3 


0 
0 


t| 


4 

0 

1.662 

2 


0 
0 


1,807 

8 

11 

1.200 

8 


0 

4 


Inftisorla, 


ANIMALS. 


Mootf,     . 

Ptmnodam, 

PeridiBlQiD, 

TriehodhM, 


Totil  anmbcr  of  orgaDiams, 


0 
0 
1 
0 
0 


0 
0 
0 
0 
2 


1,872 


1,861 


1 

0 
0 
0 

1 


1,660 


0 
1 
0 
1 
1 


1.814 


Chemical  Examination  of  Water  from  Jamaica  Pond^  at  Various  Depths.* 

[Farta  per  100,000.] 


I. 


o 


ArpsABuica. 


2 

a 


a 

I 


o 

o 

O 


18M. 

IS7B8  Aiig.S8 

13^9 .  Aiig.22 
328D0,AnK.22 
12S0l|Aat.22 
12802  AQg.22 


Decided, 

white. 
Dedded, 

grean.  I 
DIatloet, 

wUta. 
Daeldad, 

white. 
Decided. 


SUght. 

white. 
SUgbt, 

white. 
V.  ellght. 

SUgbt, 

yellow. 
SUght. 


0.03 
0.03 
0.01 
0.08 
0.00 


RasiDUB  ox 

£tapoba- 

Tioir. 


I 


§ 
si 


6.80 


1.70 


AJCMOVIA. 


Albuminoid. 


• 

I 


,0000 

,0000 
.0000 

.0010 
.6060 


.0006 
.0420 
.0816 
.0846 
.06861 


.0158 
.0168 
.0086 
.0102 
.0220 


I 

5* 


.0138 
.0262 
.0280 
.0244 
.0816 


S 

I 


.04 


NiTXOOBJf 


■■I 


.0000 
.0000 

.0100 


.0000 
.0000 
.0001 


.0200  .0002 
.0040.0003 


a 

a 


M 
M 

o 


3 


.2849 


2.7 


*  The  ue  of  tUa  pond  ae  a  aonroe  of  pabUo  water  nipply  hae  been  permanently  dlaoonUnned. 

Inn  te  the  eecond  aample,  .0100;  In  the  laat,  .6000.  Odor  of  the  first  fonr  aamplea,  none ;  that  of  the 
^ three,  beeomlng  diatinet  on  beating;  odor  of  the  laat  sample,  oflenalTe.^— The  samples  wers  ooU 
leetcd,  In  the  order  of  thdr  nombers,  at  the  following  depths.  In  feet,  beneath  the  surface :  0, 10, 20. 80 
ad  40.  The  color  of  the  laA  sample  after  standing  one  day  was  6.00,  and  was  a  bright  yellow. 
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Microscopical  ExaminaHon  of  Water  from  Jamaica  Pond^  at  Various  Depths. 

[Number  of  organlBms  per  cubic  centimeter.] 


1894. 


August. 


August. 


August 


August.   '    August 


Day  of  examination. 
Number  of  sample, 


28 

12798 


28 
12700 


28 
12800 


28 
12801 


23 
12S<>2 


PLANTS. 


Dlatomaceee, 

Cymbella, 
Bynedra, 


yanophycen, 


AnabsBua, 
OlathrocyBtla, 
Osclllaria,     • 


0 

0 

82 

7 

0 
0 

0 
0 

0 
82 

1 
6 

4,816 

2,661 

1,672 

1,M0 

1,080 

0 

8,730 

1,000 

1 

1,600 

82 

0 

1,640 

0 

0 
1,840 

0 
0 


t,»0 

0 

0 

2,200 


ANIMALS. 
Rhizopoda.    Actinophrys,  . 


Infusoria, 


Ceratium, 
Ciliated  infuaorlan, 
Monaa,  . 
Peridinlum,  • 
Vorticella,     .        . 


Vermes, 


Annrea, 

Monooerca, 

Polyarthra, 


23 

17 
0 
0 
6 
1 


1 
0 
0 


0 

0 

17 

0 

14 

0 

1 

0 

0 

0 

2 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

1 

1 

3 
0 
0 


0 
0 
1 


0 
0 

1 

0 
0 


0 
0 
0 


Mi9cellaneou8,    Zooglosa, 

5 

0 

0 

20 

0 

Total 

4,846 

2,670 

1,704 

1,873 

2,201 
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BOSTON. 

Table  ^shounng  the  Heights  in  Feet  above  Tide-marsh  Level  an  the  First  of  each 
Month  of  the  Water  in  the  Lakes  and  Storage  Reservoirs  of  the  Boston  Water 
Works^Jrom  which  Samples  of  Water  were  collected  during  the  Year  1894. 


Betenrolr 

No.  2. 

Flash  BoaudB, 

167.12 


Beservoir 

No.  3. 

Ston«'  ('r«  tt, 

175.24 


ReMnrolr 

No  4. 

Flaxh  RfKinls, 

215.21 


Keterrolr 

Na6. 

Fla'^h  Hoards, 

295.00 


Farm  Pond. 

High  Wmer, 

149.25 


Lake 
Cochituate 
High  WMter. 

134  36 


Myslic  I^ke. 

UiKh  Water, 

7.00 


ISM. 

Jao.     1, 

Feb.  1, 
March  1, 
April  1, 


May 

Jaae 

July 

Aug. 

Sept. 

Oct, 

Hot. 

Dee. 


1. 

1. 

1. 

1. 

1, 

1, 

1. 

1, 


160.17 
160.61 
166.12 
166.01 
166.02 
167.24 
162.92 
162.02 
162.57 
102.94 
161.08 
164. M 


168.53 
172.32 
175.54 
175.40 
175.80 
175.54 
172.62 
169.29 
170.02 
170.95 
172.77 
175.40 


178.83 
185.92 
192.70 
204.84 
211.39 
214.60 
215.26 
207.86 
191.63 
185.54 
187.55 
191.90 


148.74 

127.94 

269.88 

148.98 

127.59 

268.42 

149.27 

128.22 

281.52 

140.32 

132.60 

288.26 

140.50 

134.13 

291.08 

149.89 

134.24 

292.66 

149.03 

133.24 

292.68 

148.66 

131.59 

292.54 

148.34 

129.88 

283.80 

148.19 

128.14 

274.23 

148.34 

126.74 

275.20 

148.49 

126.27 

8.85 

5.86 

4.87 

6.45 

6.37 

6.67 

6.46 

2.35 

—1.45 

—4.47 

—3.72 

0.67 


Water  SuppLr  of  Bradford.  —  Bradford  Water  Company. 

In  the  last  annual  report  it  was  noted  that  a  progressive  deteriora- 
tion of  this  water,  as  compared  with  previous  years,  had  occurred, 
and  that  the  organic  matter  as  shown  by  the  albuminoid  ammonia, 
and  the  product  of  its  decomposition  as  shown  by  the  free  ammonia, 
were  decidedly  on  the  increase.     The  deterioration  of  the  water  has 
continued  during  1894  in  even  a  more  marked  degree  than  in  pre- 
vious years,  there  being  in  particular  a  very  great  increase  in  free 
ammonia  and  in  iron.     In  view  of  this  condition  of  the  water,  the 
Bradford  Water  Company  applied  to  the  State  Board  of  Health,  in 
the  latter  part  of  1894,  for  advice  as  to  a  proposed  new  supply,  and 
as  to  improving  the  present  supply  pending  the  introduction  of  a 
new  one.    The  town  has  decided  to  acquire  possession  of  the  works, 
and,  it  is  said,  will  assume  control  of  them  April  1,  1895. 

The  water  now  used  is  drawn,  as  stated  in  previous  reports,  from 
several  large  wells  having  a  wooden  curbing,  and  a  considerable 
area  of  water  surface  is  exposed  to  the  air.  The  water  as  it  first 
comes  from  the  ground  may  be  nearly  or  quite  clear  and  colorless ; 
bat,  owing  to  the  oxidation  of  the  iron  which  it  contains  in  solution, 
it  quickly  becomes  turbid  and  colored.  An  extended  statement  with 
regard  to  this  change  is  given  on  pages  120  and  121  of  the  annual 
report  of  the  Board  for  1893. 
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BRADFORD. 

Analyses  of  samples  of  water  from  the  present  sources  and  from 
Chad  wick's  Pond  are  given  below  ;  and  an  analysis  of  a  sample  of 
water  from  Johnson's  Pond,  one  of  the  proposed  sources  of  supply, 
may  be  found  under  Groveland. 

Chemical  ExamincUion  of  Water  from  the  Wells  of  the  Bradford  Waier  Company. 

[Parts  per  100,000.] 


§ 
1 

Appbarancb. 

on 
oration. 

Ammokia. 

1 

1 

• 

NiTSOGBK 

AS             1 

1 

• 

s 

B 
« 

►t 

*i 

1 

1 

•      1 

•3 

i     1 

1 

s 

^5 

m 

3 

1 

e 

§ 

9 

i 

O 

SB 

s 
1 

e 

■*4 

1 

I- 

s 

^ 

fi 

H 

CO 

U 

1 

h. 

^ 

O 

2i 

sq 

o 

a       » 

ISIM 

I. 

iieot 

Jan. 

4 

Distinct, 
milky. 

V.  slight. 

0.50 

7.40  ' 

.0382 

.0046 

.30 

1 

.1100 

.0006 

— 

2.6   .UM 

11737 

Feb. 

8 

Decided, 
milky. 

Cons., 
rusty. 

0.55 

5.60 

1     . 

.0388 

.0046 

.30 

.0400 

.0001 

.1120 

2.1    .liM 

11850 

Mar. 

7 

,  Distinct, 
milky. 

Cons., 
rusty. 

0.30 

5.50 

.0304 

.0066 

.27 

.0250 

.0008  I 

.1280 

2.1    .1360 

12029 

Apr. 

11 

Distinct, 
milky. 

Blight. 

0.25 

4.80  , 

.0310 

.0054 

.32 

1 

.0350 

.0002  , 

.0869 

1.0   .1230 

12181 

May 

0 

Distinct, 
milky. 

Slight, 
rusty. 

0.30 

6.60 

.0204 

.0034 

.20 

.0070 

.0040 

.1312 

3.4   .OiSO 

12853 

June 

12 

Slight, 

milky. 
Decldea, 

None. 

0.40 

6.90 

.0274 

.0084 

.26 

.0180 

.0000 

.0847 

2.9   .09W 

1 

12514 

July 

11 

Cons., 

0.00 

5.70 

.0502 

.0086 

.27 

.0130 

.0002 

.1600 

1.9   .1450 

milkv. 
Decided, 

rusty. 

12744 

Ang. 

14 

Cons., 

0.05 

7.20 

.0526 

.0002 

.24 

.0050 

.0012 

.0602 

2.5   .2000 

milky. 

rusty. 

12010 

Sept. 

10 

Distinct, 
milky. 

V.  slight. 

0.50 

6.00 

.0462 

.0048 

.26 

.0100 

.0003 

.0024 

2.9   .07SO 

1 

12980   Sept. 

18 

Distinct, 

Slight. 

0.50  i 

5.70 

.0544 

.0046 

.20 

.0100  '.0000 

.1347 

1.8   .1900 

milky. 

1 

1 

13009 

Oct. 

8 

Distinct, 

Blight, 

0.60 

6.50 

'.0416 

.0002 

.28 

.0050    .0012 

.1254 

2.S   .19« 

milky. 

rusty. 

1 

13284 

Nov. 

0 

Decided, 

milky. 

Decided, 

V.  Blight. 

0.70 

5.10 

1 

;.0402 

.0068 

.28 

.0150 

.0002 

.1003 

2.3   .1900 

13444 

Dec. 

3 

V.  slight. 

0.45 

5.00 

.0520 

.0056 

.20 

.0100 

.0003 

.1424 

2.3   .19® 

milky. 

1 

t 
1 

.0056 

1 

1 

Av. 

i 

0.43 

1 
1 

6.08 

.0400 

1 

.28 

1 

1 

.0244    .nOTM  1 

.1225 

2.4   .1453 

Averages  by  Years, 


- 

1880* 

- 

- 

0.00 

S.95 

.0000 

.0014 

.21 

.0400 

1 
.0000 

- 

1.6 

- 

- 

ISOOf 

- 

- 

0.00 

5.30 

.0002 

.0036 

.34 

.0150 

.0001 

- 

2.6 

- 

- 

ISOIJ 

- 

- 

0.04 

5.40 

.0000 

.0027 

1 

.23 

.0350 

.0001 

- 

l.S 

- 

_ 

1892 

- 

- 

0.03 

6.59 

.0262 

.0029 

.28 

.0760 

.0003 

- 

2.4 

- 

- 

1893 

- 

- 

0.33 

5.80 

.0297 

.0047 

.30 

.0475 

.0008 

.0994 

2.5 

.0774 

- 

1894 

- 

- 

0.43 

6.08  > 

1 

.0409 

.0056 

1 

.28 

.0244 

.0008 

.1225 

2.4 

.1453 

July. 


t  October. 


X  April,  two  samples. 

Note  to  analyses  of  1894:  Odor,  generally  distinct,  frequently  unpleasant. Nos.  11737, 1S5U  and 

12980  were  collected  from  a  faucet  at  the  pumping  station,  and  the  other  samples  from  faucets  In  the 
town. 

Microscopical  ExamincUion, 

The  average  number  of  organisms  per  cubic  centimeter  found  in  these  samples  was  204,  chiefly 
Crenothrix  and  Zooglooa. 
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BBAI>FORI>. 

Chermcal  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Bradford 

Water  Company. 

[Parts  per  100,000.] 


1 

« 

1 

0 

Apfsakaxcs. 

Krsidck  om 

£VAPOBA- 
TIOK. 

1 

AXMOKIA. 

NiTBOGKX 
AS 

1 
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• 

8 

Albuminoid. 

1 

kk. 

«j 
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•      1 

« 

u 

1 

o 
• 

urbtdit. 

1 

1 

1 

• 

"o 

3 

OB     , 

8^^ 

* 

• 

% 

•OlTCd. 

Sus- 
pended. 

hlorine 

t     i 
£    1 

S 
M 

S 

a 

1 

A 

— 

r- 

« 

U 

H 

ih 

H 

1  i^  j 

1 

89         SB 

O       3 

1 

l«M. 

1 
1 

\m\ 

Sept.  18 

Slight, 

Cona., 

O.M) 

6.70 

• 

.0384.0122 

.0104  .0018 

.^ 

.0200.0004 

.1925   1.8 

milky. 

g»y. 

1 

1 

1 

Iron,  .1000.    Odor,  faintly  Tegetable.  — —  The  sample  was  collected  from  the  dlstrlbatiog  reservoir. 


Microscopical  Examination. 

Diatooiaeestf,  5^e</ra(  1.    Algse,  CAtorococciM,  2.    Fungi,  CVeno(Arix,  1.    Miscellaneous,  Zoo^^tia, 
33.  Total,  M. 


Chemical  Examination  of  Water  from  Chadwick^s  Pond^  Bradford. 

[Parts  per  100,000.] 


• 

KKSIDUK  UN 

____ 

NiTROOBN 

• 

7 

clioi 

APPBARAMCa. 

1 

EVA1><)RA- 
TIOS. 

Ammo  VIA. 

A8 

4< 

a  > 

3 

w 

tk 

Albamlnofd. 

1 

R 

>v 

•{ 

r 

!      5 

• 

1         'o 

i          2       1 
1         J! 

1         a 

s 

a 

1' 

O 

.  '§1 
1  i* 

1 

► 

Sus- 
pended. 

— —         « 

s 
S 

8 

5 

=      3 
*?     1 

z         S 

H 

« 

o 

H         -) 

h 

H 

-^ 

1 

»5 

c     a 

1S»4. 

1302  Sept.  6 

I V.  slight.  Slight. 

0.10 

1 

5.30 

1.70 

.0002 

.0208 

.0180..  0028 

1 

.35 

.0020.0000 

1 

.3542    1.0 

Iron,  .0100.    Odor,  faintly  vegetable  and  mouldy. The  sample  was  collected  from  the  pond,  300 

feet  from  the  east  shore,  in  connection  with  an  InTeatlgation  for  a  new  water  supply  for  Bradford. 


Microscopical  Examination. 

No.  12902.  IHatomacesB,  ^«terton«/to,  14 ;  OycloUUa,\\  JfeloHra,!.  Cyanophycea,  Chroococait, 
S;  QatkncytUi,  13;  Jiieroeyttit,  1.  AIgn,  Proiococctt9t  82.  Vermes,  Jhiyarthra,  1.  Crustacea, 
0^lcp9,  .01.    ICiseellaneons,  Acarina,  .02.    Zodgloea,  84.    Total,  105. 


112 


STATE  BOARD   OF  HEALTH.         [Pub.  Doc. 


Watek  Supply  of  Braintree. 

In  1893  a  direct  connection  was  made  between  the  filter-ffallerr 
of  the  Braintree  water  works  and  Little  Pond  by  running  a  12-inch 
main  from  the  pond  into  the  filter-gallery.  The  filter-gallery  fur- 
nished a  sufficient  supply  without  the  use  of  water  from  the  poDd 
until  July  12.  Between  that  date  and  Septembers  water  was  drawn 
from  the  pond  into  the  filter-gallery  for  the  supply  of  the  town  for 
a  total  of  forty-three  hours. 

Chemical  ExamincUion  of  WcUer  from  the  Filler-gallery  of  the  BrairUree  Water 

Works. 

[Parts  per  100,000.] 


Averages  by  Years, 


§ 

1 

5 

Appkakakce. 

Residue  on 
Evaporation. 

Ammonia. 

9 

e 

1 

.s 

NrraooEV 

AS 

1 

c 

gl 
s 

Number. 

Turbidity. 

i 

i 

• 

2 

Albu- 
minoid. 

• 

m 

s 

• 

1 

m 
m 
« 

« 

• 

c 

E 

>4 

11603 

1894. 

Jan.     3 

'  None. 

None. 

0.00 

5.55 

.0000 

.0030 

.92 

.0700 

.0000 

.0658 

2.1 

.0040 

11725 

Feb.     7 

1  None. 

None. 

0.00 

5.10 

.0012 

.0068 

.85 

.0350 

.0000 

.1184 

1 

1.7 

.0050 

11854 

Mar.    7 

1 
None. 

None. 

0.05 

4.90 

.0004 

.0062 

.84 

.0580 

.0000 

.1800 

1.7  |.00» 

12031 

Apr.  11 

IV.  Blight. 

None. 

0.00 

4.80 

.0000 

.0050 

.84 

.0630 

.0000 

.1540 

1.6    .0100 

12174 

May     8 

1 
None. 

V.sUght. 

0.05 

4.50 

.0000 

.0044 

.81 

.0450 

.0000 

.1804 

1.3 

.0135 

12343 

Jane  11 

V.  slight. 

V.  slight. 

0.10 

4.25 

.0002  :.0O54 

.80 

.0170 

.0000 

.0077 

1.4  1     - 

1 

12551 

July  15 

1 

'  None. 

V.  Blight. 

0.07 

5.25 

.0006 

.0048 

.82 

.0120 

.0000 

'.1140 

1.4    .0105 

12729 

Aug.  13 

!v.  Blight. 

V.  slight. 

0.03 

5.50 

.0000 

.0030 

.80 

.0050 

.0001 

.0647 

1.5  '  .0200 

1 

12916 

Sept.  10 

DisUnct. 

Slight. 

0.07 

5.30 

.0010 

j 

.0040 

.83 

.0080 

.0002 

.0847 

1.8 

.0400 

13094 

Oct.      8 

Slight. 

V.  slight. 

0.02 

5.50 

.0000 

.0058 

.86 

.0050 

.0008 

.0760 

8.2    .0230 

13281 

Nov.    8 

None. 

None. 

0.03 

5.45 

.0002 

.0032 

.92 

.0300 

.0008 

.0462 

1.9    .0075 

13438 

Dee.     5 

Distinct. 

Cons., 
brown. 

0.02 

6.20 

.0010 

.0056 

1.00 

.0580 

.0000 

.0678 

1.9 

.0230 

Av. 

1 

1. ...••■.. . 

0.04 

5.19 

.0004 

.0048 

.86 

.0338 

.0001 

.1000 

1.7 

.0135 

1892 
1893 
1894 


0.07 
0.02 
0.03 
0.04 


7.14 
4.69 
4.72 
5.19 


.0006 
.0002 
.0002 
.0004 


.0045 
.0030 
.0049 
.0048 


.85 
.75 
.83 
.86 


.0948 
.0192 
.0363 
.0338 


.0003 
.0001 
.0001 
.0001 


.1029 
.1000 


1.8 
1.8 


.0037 


1.7    .0135 


*  June,  1887,  t^  May,  1888. 

NoTB  to  analyses  of  1894:  Odor  in  March  and  December,  faintly  vegetable;  in  Angnst,  distinct;  at 
other  times,  none.    On  heating,  the  odor  of  the  March  and  December  samples  disappeared,  and  the  odor 

of  the  October  sample  was  distinctly  vegetable  and  unpleasant. The  samples  were  collected  from  s 

faucet  at  the  pumping  station.    Water  was  drawn  from  Little  Pond  into  the  filter-gallery  as  foliowi ; 
July  12, 13,  14,  20, 29,  September  2  and  3. 
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BRAINTBBE. 

Microscopical  ExamincUion  of  Water  from  the  Filter-gallery  of  the  Braintree 

Water  Works, 

[Nnmber  of  organisms  per  eabie  centimeter.] 


1894. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

1 
Joly. 

Aug. 

Sept. 

Oct.   >Nov. 

Dec. 

1 

Day  of  examination, 
Namber  of  sample,  . 

5 

iiaos 

8 

11725 

8 

11854 

13 
12034 

10 
12174 

18 

12848 

17 
12551 

14 
12729 

12 
12916 

9 
18094 

10 
13281 

7 
13438 

PLANTS. 
Fungi.   Creoothrix,     . 

0 

0 

10 

0 

0 

8 

0 

210 

0 

to 

8 

160 

AXIMALS. 

InfoBorla,    . 

DlnobryoD, 
Dioobryon  cases, 
Peridlnlam, 

16 

0 

0 

10 

1 

0 
0 

1 

4 

1 
S 
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0 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

4 

4 

0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

Jfu^ttojuoiw.  Zoogloea, 

0 

0 

0 

0 

0 

88 

0 

7 

!    580 

880 

0 

0 

Total, 

10 

1 

14 

0 

0 

46 

4 

217 

580 

400 

8 

100 

Chemical  Examination  of  Water  Jrom  a  Faucet  supplied  from  the  Braintree  Water 

Works. 


[ParU  per  100,000  ] 

Uon. 

Atpbabaxck. 

RasiDna  ov 

EVAPOIA- 
TIOM. 

AimoifiA. 

1 

1 

MlTKOOBlf 

AS 

1 

1 

s 

• 

1 

a 

« 

1 

i 

^ 

4 

f 

i 

Albuminoid. 

• 

s 

1 

S 

1 

• 

1 

a 
& 

3         • 
2         « 

• 

1 

. 

1 

1 
it 

•a 

a; 
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&- 

00 

H 

bt 

H 

a 

00 

1 

s 

as 

;  ® 

3 

1894. 

1 

1 

U015 

Septao; 

Slight. 

Heavy, 

0.05 

5.2S 

0.90 

.0002 

.0220 

.0078 

.0142 

.92  , 

.«1» 

.0000 

i.0948    1.8 

1 

brown. 

t 

1 

1          . 
1 

1 

Iroo,  .0000.   Odor,  none.— —The  sample  was  collected  from  a  faucet,  three  miles  from  the  pump- 
isg  itstion. 


Microscopical  Examination. 

Dlatomaeem,  SjfMdra,  4.    CyanophyeesB,  Clathroc^HUt  4.    Fungi,  OrenothHx,  3,010.    Total,  8,024. 
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BRAINTBEE. 

Chemical  Examination 


of  Water  from  Little  Pond^  Braintree, 

[Parts  per  100,000.] 


Date  of  Collection. 

• 

Apfbarakcb. 

Kbbidub  OK 

BVAPORA- 
TIOK. 

1           Ammonia. 

• 

•> 
s 

1 

o 
.86 

• 

NITBOOBK 
A8 

t 
E 

• 

a 
H 

a 

8 

Total. 

Loss  on 
Ignition. 

i 

Albuminoid. 

Nitrites. 

o 

a 

B 

■ 

"3 

1 

Dis- 
solved. 

Sus- 
pended. 

X       « 

C      = 

11724   Feb.   7 

1 

1 
V.  slight. 

V.  Blight. 

0.18 

1  4.60 

1.70 

.0026 

.0814 

.0242 

.0072 

.0060 

.0000 

.45€0  I.I 

j 

12173    Mar.  8 

V.sUght. 

Slight. 

0.80 

3.06 

1.66 

.0002  .0170 

.0148 

.0022 

.72 

.0030 

.0000 

.44m'  0.$ 

1 

12728    Aug.  18 

1 

Distinct. 

Slight. 

0.25 

3.46 

1.05 

.0004 

.0238 

■- 

- 

.77 

,.0000 

.0000 

.3426  O.S 

1S280 

Nov.  8 

Slight. 

Slight. 

0.26 
0.25 

4.20 
4.03 

1.36 

.0026 

.0234 

.0182 
.0191 

• 

.0062 

.82 

1.0000 

.OOOOi 

.388S  1.1 

Av. 

1.41 

1 

.0015  -ft2.'» 

.0048  '-70 

.0020' -fMon 

.4092  1.0 

1 

1 

1 

Odor  of  all  eamplee,  vegetable,  and  of  the  August  sample  also  mouldy;  the  odor  of  the  last  wo 
aamples  became  stronger  on  heating. The  samples  were  collected  from  the  pond. 


Microscopical  Examination  of  Water  from  Little  Pondj  Braintree. 

[Number  of  organisms  per  cubic  centimeter.] 


1894. 


February. 


May. 


August. 


NoTember. 


Day  of  examination, 
Number  of  sample, . 

PLANTS. 
DlatomacecB,    . 

Cyanophyceee, 

Auabsena,  .... 
Ohroococous,     . 
Oiathrocystis,    . 
Merismopedia,  . 
Microcystis, 

AlffW, 

Arthrodesmus, . 

Nephrooytlum,  . 

Protoooccus, 

Kaphidlum, 

Tetraspora, 

Zoospores, 

Funffi,  Orenothrlz,     . 

ANIMALS. 
Bhizopda*    Mlcrogromla, . 

Infusoria 

Dinobryon, 
Dlnobryon  oasee, 
Monas,       .... 
Perldiolum, 
Tlntlnnidlnm,    . 
Trachelomonas, 

MiteeUanMUMt  Zo^glosa, 
Total,      .... 


8 
11724 


10 
12173 


14 
12728 


10 
132S0 


0 
0 
0 
0 
0 

7 

0 
0 
0 
0 
4 
8 


48 

1 

0 
1 

0 
0 
0 


0 
0 
0 
0 
0 
0 


pr. 

19 

8 
2 
24 
0 
0 

25 

2 

4 

16 

4 

0 
0 


{4 
7S 

0 

u 

o 

4 

72 

IS 

3 

0 

s 

12 
0 
0 

3 


864 

800 
6-i 
1 
0 
1 
1 


0 

0 
0 
0 
0 
0 
0 


0 

1 

0 


pr. 

0 

pr. 


1 

0 
0 
0 

I 

0 
0 


44 


0 
1S4 


876 


92 


186 
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BBOCKTOX. 


Water  Supply  of  Brockton. 


The  advice  of  the  State  Board  of  Health  to  the  city  of  Brockton, 
relative  to  increasing  the  water  supply  of  the  city  and  providing  a 
high-service  supply  for  certain  districts,  may  be  found  on  pages  12 
and  13  of  this  volume. 

It  has  already  been  indicated  in  previous  reports  that  the  quality 
of  the  water  supplied  to  the  city  improved  very  much  from  1887  to 
1891,  and  remained  nearly  constant  after  1891.  It  will  be  seen,  by 
reference  to  the  table  of  averages  by  years  on  the  following  page, 
that  the  average  analysis  for  1894  is  very  nearly  the  same  as  those 
of  the  three  years  immediately  preceding. 

Od  five  occasions  during  the  first  half  of  1894  samples  of  water 
were  collected  before  and  after  passing  through  the  open  tank,  in 
which  the  water  is  aerated  by  forcing  air  into  it  through  a  system  of 
perforated  pipes  laid  near  the  bottom  of  the  tank.  By  reference  to 
the  table  on  page  118,  giving  the  comparison  of  examinations  before 
and  after  aeration,  it  will  be  observed  that  the  aeration  does  not 
cause  any  material  change  in  the  character  of  the  water,  so  far  as 
can  be  determined  by  the  examination  of  samples. 


Chemical  Examination  of  Water  froftn  Salisbury  Brooke  at  the  Point  where  it  enters 
the  Storage  Reservoir  of  the  Brockton  Water  Works. 

[Pftru  per  100,000.} 


• 

s 

Apteasahcs. 

Rbmdub  09 

EVAPOBA- 

AMMOMIA. 

.  NITBOOBK 
A0 

Ij 

fc 

TIOX. 

1 

s  < 

"J 

1 

• 
0 

Albuminoid. 

,  i  i 

1         "3 

i     2 

• 

1 

o 

s 

1 

i 

8 

• 

1 

r 

1 

i 

t 

• 
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1 
II 

• 

1 

1 

s 

s 

1 

9S, 

1  c 

;  i 

t 
1 

1 

18M.  ' 

1 

\ 

' 

12U7   May  2 

DIflUaet. 

Slight, 
brown. 

0.70 

3.10 

1.36 

1 

.0004 

.0172  .0162  .0020 

.41  , 

1 

.0000.0000 

.6800  0.8 

VUS\  July  9 ; 

1 

RHght. 

Slight. 

1.20 

4.00 

3.20 

.0006 

.0314.0280.0028 

I 

1.47 

1 

.0000.0000 

.8478 

0.6 

Odor  of  tht  fint  ■ampto,  decidedly  vegetable  mad  Bweetlsh,  beooming  unpIeaaaDt  and  oily  on  heat< 

hi«;  of  the  Meond  Mmple,  dlatinotly  Tegetable  and  aweetUh,  becoming  faintly  monldy  on  heating. 

'ru  Mmples  vere  collected  from  the  brook,  Juet  above  the  reeervoir. 


Microscopical  Examination. 

Ko.  13147.  D\MtofiDMatm,Atteri<>nella,bb;  Cifnibelln,  1;  Diadutnu*^  10;  Melo9irQ,lA\  Sifnedra^f; 
TaMhrta,  Zi.  CjvaQphycigm,Anabmnat2;A\g»,Arthrod€tmM,2;Con/erw»,l.  Vang\,Crenothrix, 
2-  iBfoioria,  I>fMobryon  caaei,  14;  /Vrfdmfum,  1.    Total,  166. 

No.  12491.  Diatomaccs,  A^terionelia,  4;  Diatoma,  1;  Syiudra,  SO;  Tabellaria,  680.  Alg»,  Cow 
/crra,  1;  Cotmarium,  1;  Fandortna,2;  8ceneds»mu9t  1.  Fangl.  Crenothrix,  28.  Infoaoria,  PeridU 
K<i«i  4;  Tndulomofuu,  2;  Vermee,  Monoctrca,  1 ;  Polffarthra,  1.    Total,  646. 
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BBOCKTOX. 

Chemical   Examination    of  Water  from    Salisbun/    Brook    Storage    BcMrvoir, 
Brockton. 
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BROCKTON. 

Microscopical  Examination  of  Water  from  Salisbury  Brook  Storage  Reservoir^ 

Brockton. 


[Nanber  of  orgmnUms  per  cubic  ceotlmeter.] 


1894. 

Jftn. 

F«b. 

lUr. 

Apr. 

Mfty. 

JUM. 

Jnly. 

Aug 

Sept. 

Oct. 

KOT. 

Dec. 

Dtj  of  cxamfnatioD, . 
Nunber  of  ammple,    . 

i 
11587 

11712 

6 
11839 

4 
11082 

8 

12148 

0 
12816 

10 
12402 

8 
12676 

6 
12884 

6          , 
13078    13265 

7 

13437 

PLAXTS. 
DistomacesB, 

AfteriooellA, 

DUicwna, 

Synedn, 
TBbeUaria,    .       . 

Anhndennafl,    . 
Chlorococco*, 
Ckwterium,  . 
P«diutnim, . 
Protoooecns, 
Raphldlam,  . 
SeeoMleMaai, 

Pungl.  CreDothrix, 

1 

1 

381 

148 

28 

152 

t 

2 
0 
0 
0 
0 
0 
0 

t 

10 

4 
0 
0 
0 
6 

pr. 

0 
0 
0 
0 
0 

0 

21 

21 

0 

0 

0 

pr. 

0 

0 
0 
0 
0 
0 
0 
0 

0 

108 

27 

0 

24 

1 
61 

2 

0 
0 
0 
0 
2 
0 
pr. 

0 

292 

02 

4 

104 

4 

48 

2 

0 
0 
0 
0 
0 
0 
2 

6 

610 

28 
n 

146 

1 

436 

20 

0 

4 
0 
0 
16 
0 
1 

0 

2,973 

0 

8 

10 

0 

2,060 

12 

0 
0 
0 
0 
10 
0 
2 

0 

377 

108 
0 
0 
6 

204 

9 

8 
0 
0 
0 
0 
6 
0 

0 

2,999 

32 

1 

116 

480 

1,700 

19 

2 
0 
0 
2 
0 
8 
8 

0 

798 

00 

1 

616 

1 

220 

90 

7 
2 

66 
6 

4 
8 
8 

0 

750 

72 

0 

482 

28 
168 

59 

0 
4 
0 
2 
4 
0 
48 

0 

7 
0 
0 
4 
26 

2 

0 
2 
0 
0 
0 
0 
0 

0 

ANIHALS. 
Bhizopoda.  DlfflagU,  . 

Inflisoria,     . 

Diaobryon,  . 
DiDobryoo  cmm, 
Eotlena, 
Mkllomonu, 
Peridiolam, . 
TlnilQnWlura,      . 
TnefaelomoDaa,  . 

Vermes..      . 

Antirem, 
Polyvihrm,  . 
Rotatorifto  ote,    . 
Bottfer,        .        .        . 

Crustacea,    .      . 

Cyelopt,       .       . 
Cnitbcan  remmini,    . 

2 

t 

0 
0 
0 
0 
2 
0 
0 

8 

2 

1 
0 
0 

0 

0 
0 

0 

195 

17 

106 

70 
0 
0 

1 
pr. 

pr. 
pr. 

0 

0 
0 

0 

M 

0 
28 
0 
0 
M 
0 
0 

pr. 

0 
0 

0 

0 
0 

0 

120 

0 
78 
0 
0 
42 
0 
0 

pr. 

pr. 
pr. 

^\ 

0 

0 
0 

0 

48 

0 
88 
0 
0 
6 
0 
0 

0 

0 
0 
0 
0 

.02 

0 
.02 

0 

7 

0 

0 
0 
3 

4 
0 
0 

0 

0 
0 
0 
0 

0 

0 
0 

0 

2M 

0 
0 
0 
0 
224 
0 
0 

1 
1 

0 
0 
0 

.01 

0 
.01 

0 

82 

0 
0 
0 
0 
02 
0 
0 

0 

0 
0 
0 
0 

0 

0 
0 

2 

13 

0 
0 

1 

0 

10 

0 

2 

1 

1 
0 
0 
0 

.01 

.01 

0 

1 

8 

0 
0 
0 
0 
0 
2 
1 

1 

1 
0 
0 
0 

.03 

.03 
0 

11 

42 

0 
0 
0 
0 
40 
0 
2 

2 

0 
2 
0 
0 

0 

0 
0 

0 
52 

0 
0 
0 
0 
62 
0 
0 

2 

■ 

1 

0 

0 
0 

'^"^rftaMW.  ZoSgkeft,. 

88 

0 

0  1      s 

1 

0 

62 

240 

800 

400 

880 

228 

0 

Total ;  468 

206 

86 

280 

308 

680  3,450 

i 
1.078   2,820    1.573  il.OOl 
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BROCKTOX. 

Cowparison  of  Examinationg  of  Water  from  the  Brocklon  Waier  Worki  i 
and  ajler  Aeration  in  the  Open  I'anlc. 


Note 

■3 

Jan.   2 
Jbh.      2 

Feb.  6 

Mar.  5 

Apr.  a 
Apr.      1 

Junofi 

Juna      6 

*PPItiBiNCK. 

OHO*. 

1 

5 

! 

i 

CdM. 

1 

H. 

11987 

llASS 

lint 

11839 
IIBSf 

itsli 

Slit. 

V..ll8hl. 

sirt. 

DlK'l. 

Sll't. 

Slight. 

silt. 

'  S]1«hl. 

Dlat't. 
SJlghl. 

Cons,. 

ruBty. 

Birt. 

nenvy, 
d.rk. 

Sll't. 

fl«vy. 

Bii'tr"' 

Uronn 

yellow 

tui.«.. 

O.rs'  DlBtinotly   TSffetable 

O.ro    Dlstlnctlvvenetable. 
1      aweetlBU. 

g.BO    DlBtlDctiy  vegetable, 

0.80     Dl-tintilj  vegetable,  iweel 
D.n    DlBtlnotly    vsgotable 

O.-o  i,sr..t??.5.'[;bie,  ««.- 

0.90    Decidedly    vegetable 

1'    mouldy. 

Distinctly  veg - 

Dlatlnctlf  vegetible. 
DlatiBCtlT   vesre 
Dl.,,..,„    ,.,.-,. 

R«iullj-  V.  gcmblo. 

Distinctly  vege 

DacHleaiy'vcgeU 
mouldy. 

Decidedly    vege 

Bweetlah. 

o.ir 



1  of  Examina/iom  of  Water  from  the  Brockton  Water  Works 
and  ajter  Aeration  in  the  Open  Tank —  Concluded. 


[P.rtiperlOO.MO.1 

1 

1    ] 

'~"||       „„„.. 

i 

1 
S 

«".T" 

1 
1 

1 

1 

i 

i 

d. 

I 

1 

1 

i 

1I18T 

urn 

11839 

lis 

inii 

Jan.  a 

fs-i 

Mar.  & 
Apr.   2 

4. ED 
i.ti 

*.m 
i'.il 

II 

3.94 
3.8-2 

t.K     .0010  Lom.OIBB '.0074 

t'.m  ''.Boit'lim  !oibb;!oo3o 
liso  iiooosiioire  loiieLooio 

l.m      •mi6\.vi\-l  .oiNi.iMjis 
1.«i   |, 0000., 0184:. Dm  LOOM 

KBS  liooot  '.ma  !oi9e 'ooao 

,44 
!45 
143 
'.V 

3 

,mo '  ,0000 
'.ma  '.mt 

ioOBD    ioDDO 

,7883      D,B 

iloDO    o!b 

!S7B3      O'.t 

'.OS 
io! 

At. 

1,87    i,O01J    ,«07   ,01IJ    .0035 

,*i 

,do;b 

,00DD 

.l\Si 

0.9 

.m 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  119 


BROCKTOX. 

TaJtde  showing  Height  of  Water  in  Salisbury  Brook  Storage  Beservoir,  Brockton^  mi 

the  First  Bay  of  Each  Mqnih  in  1894. 

[Note.  —  High- water  mark  la  14.25  feet.] 


DATS. 


HelcUt 

of 
Water. 


Dati. 


HeL'ht 

O!" 

Water. 


1S94. 


Jan.  1,     . 
Feb.l, 
March  1, 
AprUl, 

Jtme  1  .♦ 


Feet. 
14.25 


14.25 
14.26 
14.25 
14.25 
14.75 


1804. 


Jnlyl,  . 
Aag.  1,  . 
Sept.  1,  . 
Oct.  1.    . 


Feet. 
13.67 


11.02 

10.17 

8.73 


Nov  1 I         0.00 

Dec.  1 '        14.26 


*  In  the  latter  p«rt  of  May,  1894,  the  water  waa  ralaed  temporarily  6  inehea  above  high-water  mark. 

Cha/iical  Examination  of  Water  from  Underdrains  beneath  the  Sewers  at  Brockton 

[Parte  per  100,000.] 


• 

s 
8 

Appkakakcb. 

|, 

AlIMOKIA. 

i 
1 

Mtkookx    ' 

A8 

■   1 

9 

• 

i 

■ 

u 

% 

e 

3 

1     i 

•a 

9 

1- 

a 

1 

00 

1 

1 

S2 
°8.  1 

15  1 

•> 

• 

• 
t 

1 

1 

1 

ISM. 

1 

1 

1 
1 

1 

lim   Jan.    10    Bllgbt, 

Blight, 

0.02 

15.10  1 

.0040 

.0060 

1.82 

'.2100 

.0050  < 

.0671 

8.0 

.1240 

'       milky. 

maty. 

1 

1 

lS477'ja]7     5  ,  Diatioct, 

Cone  , 

0.05 

15.00, 

.7200 

.0100 

2.13 

.1150 

.0020 

.2425 

4.2 

.01  SO 

1                       milky. 

aand. 

1 

ISITS   Jaly      5    V.  alight. 

V.  alight. 

0.08  ! 

14.90 

.0720 

.0064 

1.88 

.2650 

.0080 

.1121 

4.9  ' 

.0220 

milky. 

1 

1 

1 

12179  Ijnly      6 

V.  alight, 

Cona., 

0.00 

16.00 

.0104 

.0090  . 

2.18 

.4000  ,.0012 

.0209 

3.9 

.20 A 

1 

milky. 

1 

raaty. 

1 
1 

1 

1 
1 

1 
1 

1 

1 

Odor,  of  the  flrat  aaraple,  faintly  muaty;  of  the  aecond,  decided  of  gaa  tar;  of  the  third,  diatlnctly 
raoMy;  and  of  the  fourth,  diatinet,  of  fermentation. -~— The  aamplea  were  collected  as  follows:  tbo 
grtttvofrom  an  nnderdraln  at  a  man-hole  in  Summer  Street,  near  Grove  Street;  the  third,  from  an 
undcrdraiB  at  the  pamplog  atation ;  and  the  laat,  from  an  nnderdraln  near  Per^lna  Avenue. 

Microscopical  Examination. 

The  namber  of  orgmniama  per  cubic  centimeter  fonod  In  each  of  three  aamplea  waa  aa  follows : 
No.  11661,  272;  No  12477, 1.280;  No.  12478,  S4;  No.  12479,  670.  The  numbers  found  consisted  almost 
wholly  of  Crenothrix  and  Zoogloea. 

Wateb  Supply  of  Brookfield. 

The  reservoir  from  which  the  supply  of  this  town  has  been  taken 
became  dry  about  the  middle  of  August,  1894,  and  is  said  to  have 
remained  so  for  about  two  months.  During  a  portion  of  this  time 
water  for  the  supply  of  the  town  was  pumped  from  the  Quaboag 
River. 
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BHOOKFIELD. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Brookl 
relative  to  the  use  of  the  Quaboag  Kiver  as  a  temporary  eour< 
water  supply  for  the  town,  may  be  found  on  page  13  of  this  vol 

Chemical  Examinaiion  of  Water  from  South  Pond,  Brook^ld. 
[Part*  pm  100,000.] 


Pond,  uidlb«cbinct«Tat  th«  w«i«r  In  thavlaliillr  DiUiaoiitlalotBoDibPondlitLflecIedihtreb 

Microscopical  Examinaiion, 

Dluomtceie,  Aittrloiella.Mt;  Ci/cMella,l;  J'yaffUana.K;  ifthHra.lU  TabrllaHa,  ti. 
fbsnw,,  AnalKraa,S;Jllavcyitl4,Si.  AlgB,  Prelococau.i.  Infiuorlm,  iVrJdJnlHnt,  I.  Hlmll 
Zwglaa,^.    ToWl.Sau. 

M'ater  Supply  of  Beookline. 

It  was  noted  in  the  annual  report  for  189L  that  the  works  fo 
taining  water  for  the  Bupply  of  Brookline  from  the  ground  nea 
Charles  River  at  West  Koxbury  bad  been  enlarged  by  laying  a 
iron  pipe  24  inches  in  diameter  from  the  pumping  station  alon 
West  Roxbury  bank  of  the  river  and  across  the  river  to  the  Dci 
side.     Forty-three  tubular  wells  were  connected  with  this  pipe. 

During  the  summer  of  1894  still  more  extensive  additions 
made  to  the  collecting  system  by  extending  the  pipe  above  menti 
and  building  branches  from  it,  and  by  adding  more  wells.  A 
present  time  the  pipe  has  a  total  length,  including  branches,  of  < 
feet,  and  178  tubular  wells  2^  inches  in  diameter,  ranging  in  < 
from  35  to  95  feet,  are  connected  with  it.  The  diameter  of  the 
including  bmnches,  ranges  from  8  to  24  inches.  The  main 
of  the  collecting  system  is  connected  with  the  pumps,  so  that  it 
be  used  as  a  suction  pipe ;  and  it  is  also  connected  with  the  [ 
well  into  which  the  water  will  flow  from  the  present  driven 
by  gravity.     The  bottom  of  the  pipe  is  about  7  feet  lower  thai 
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ordinary  level  of  the  water  in  the  river.  The  pumps  are  placed  at 
alow  level y  and  the  water  in  the  ground  can  be  drawn  by  them  to 
a  coDsiderable  depth  below  the  bottom  of  the  suction  pipe. 

Chemical  Examinaiion  of  WcUer  from  a  Faucet  at  the  Low-service  Pumpiiig 

Station  of  the  Brooidine  WaUr  Works, 

[PailB  per  100,000.] 


Onto  of 

Collection. 

Apfkabavcb. 

1 

• 

1 

1 

Amvovxa. 

Chlorine. 

KlTBOOlUI 
AB 

■•     3 

,  o 

ilardneta. 

« 

% 

a 

s 
2 

• 

t 

• 

1 

1 

• 

1 

Alba- 
mlnoid. 

i 
I 

as 

• 

8 

S 

1 

,   liM. 

i 

1 

t 

117»   F«b.  19 

1 

None. 

None. 

0.00 

7.05 

.0020 

.0010 

,     .55 

.0250 

1 

.0000 

.0840 

4.2    .0050 

UI16   Oct.     9 

None. 

None. 

0.02 

0.10  ' 

.0010 

.0010 

.68 

.0180 

.0002. 

.0570 

4.6    .0050 

IS3U   Nov.  19 

Nona. 

None. 

0.05 

1 

0.40 

.0008 

.0028  ' 

1 

1    .08 

.0420 

1 

.0000 

.0603 

j 

4.4    .0030 

13529 
At. 

I>ec.  19  1 

None. 

None. 

0.00 

9.00 

.0000 

.0018 

1     .08 

.0380 

.0000 
.0001 

.0500 

1 

4.9  ;.O010 

t 

0.03 

0.01  ' 

.0010 

.0017 

.05 

1 

.0308 

.0503 

4.5    .0035 

I 

Odor, none;  of  No.  13334,  becoming  faintly  vegetable  on  heating. The  aamplea  were  oollecttfd 

from  a  faocet  at  the  low-aervloe  pnmping  station,  and  repreaent  a  mixture  of  water  from  the  filter, 
gallet;  and  toboUr  wella. 

Microscopical  Examination. 

No.  11789.    If  iacellaneona,  Zooglaa,  4. 

No  wgaaiams  were  found  in  the  remaining  Mmplet. 

Chemical  Examination  of  Water  from  the  FUter-gallery  and  Tubular  Wells  of  the 

Brookline  Water  Works, 

[ParU  per  100,000.] 


1    '■ 
.1  ■ 

APPCABA2SCB. 

Bealdne  on 

Evaporation. 

AWWOMIA.     1 

! 

§ 

NiTBOOBM    , 
AS 

J,  _.   ^  . 

8 

a 

if 

1 

i 

8 
1 

1 

• 

1 

1 

1 

i 

• 

i 

-c 

• 

131S4 

mss 

13IS6 

IMi. 

Oct.   22 

OeL  22 
Oet.   22  ' 

None. 
None. 
None. 

None. 
None. 
None. 

0.08 
0.01 
0.08 

8.80 
7.70 
9.80 

.0014 
.0014 
.0008 

.0010 
.0012 
.0008 

.58 
.44 
.63 

.0800 
.0000 
.0880 

1 

.0000 
.0000  I 
.0001 

'.0592 
.0671 
.0592 

4.2    .0050 
3.6    .CJ020 
4.6    .0030 

At. 

0.02 

8.4S 

.0012 

.0010 

1 
.65  1 

.0227 

.0000  i 

( 

.0618 

1 
4.1     on^w 

1 

0<lor,  none. The  first  iample  was  collected  from  the  eastern  filter-gallery,  the  second  from  the 

weMera  filter-gallery  and  the  last  from  the  driven  wells. 


No  orguiamB. 


Microscopical  Examinaiion, 
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Chemical  Examiftation  of  Water  from  Ike  Covered  Reservoir  of  the  Broolcii 
WaUr  Works. 

[Parlapfr  100,000.] 


i        .                AP».»>.». 

i 

•1 
|l 

_.,.. 

1 

«„.».. 

l' 

i 

1 

|':| 

1 
I 

, 

i 

|1 

1 

i 

1 

117SS  ;  Feb.   IB      Nob*. 
J3117  i  Oct.     e     Nob., 
13333  '  KoT.  W  '   Hod.. 
1J530  '  Dec,  1»  ■   IfD». 

NOD.. 

V.  night. 

0.02 
0.03 

o.ao 
•.«o 

.0004 
.0000 

.0000 

.0000 

.0020 

■u 

.02 

.0330    .0000 
.0100  '.0000 

.«20 

4.2 

Av. 

0.(B 

9  16  I'  floni 

.OOIT 

.» 

03«3     oooo'  OCM 

1  , 

Odor,  whtn  cold.  noDs.    Tbe  odor  of  No.  IS.MO  twcwne  rery  fslotly  leieliitil.  OD  btitlnf.— 

■  Microscopical  Examination. 

No.  11788,    FuPil,  CrinolhHx,  «. 
No.  13117.    Fungi,  fVffldfflrJi,  2. 

Chemical  Examination  of  Water  from  Charles  River,  op/iosite  the  FiUtr-gallei 
tite  Brookline  Wiiler  Wurk-i  at  West  Boxbury. 

[Purltptr  100,000.) 


<o>il«  (h.  Brook  I  Id.  WiU 


eillDC. Th.  UDiplcKU  a 


Microscopical  Examination. 


Water  Supply  of  Cambridge. 
The  city  of  Cambridge  has  begun  the  construction  of  i 
Btornge  reservoii-  upon  Hobbs  Brook  in  Waltham,  the  main  tr 
of  Stony  Brook.  Samples  of  water  have  been  collected  n 
from  Hobbs  Brook  for  analysis,  beginning  with  July,  and  the 
may  be  found  on  page  127. 
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Chemical  Examination  of  Water  from  Fresh  Pond^  Cambridge, 

[P«rU  p«r  100,000.] 


e 
^       I 

I      : 


APPKAXAJrCB. 


53 


8 


s 

a 

3 


KkSIDCK  ON 

'   Etapoka- 

I  TIOM. 


I 


AXXOICIA. 


5 


n&$9  Jan.  3    BUgfat.      ;  Com.. 

greeo. 


11TC«  Feb.  5    Slight. 
1IS36  tftr.  5    Slight. 


Blight. 
Slight. 


11907  April  2    V.  alight.  Cons., 

I      green. 

Ln40  Xaj  2    Distinct.    Gons., 

green. 

123Q9  Jqm  5  ,  Distinct,  j  ConB.« 

green. 


o.ao 


12IS5  July  9    Distinct.    Slight,       0.28' 
green.        green. 


o 


o 


Albuminoid. 

1 

•j 

• 

• 

► 

5 

1 

f 

i*  si 

Ph 

H 

;:^ 

« 

0.25 


7.85 


0.80 !  6.70 


1.90     .0114  .0172 

I  , 


0152  .0020 


0.85 


6.80 


0.82    6.65 
0.30    6.16 


12671   AQg.  7    V.slight. 
13»l,Sept.&.  Slight. 


Slight. 


0.23 


6.16 


6.65 


2.10  ,,.0084  .0174;. 0142  .0032 


1.85  ,  .0004  .02081.0182  .0026 

I 
1.80     .0000.0198.0164.0034 

I 
1.90     .0008  .0192  .0168  .0034 

1      i 

1.86  I  .00101.0228  .0194  .0034 


1.85 


.0064  .0270  .0108  .0072 


e  , 

11 


I 

MlTBOCkK  <       T3 
AS  I 

1     5 

e 
o 


C 


^1    I      o 


a 


1 


6.66     1.99  !|. 0016.'. 0188  .01661.0022 


Slight,      ,0.18  ,  8.60 
green. 


IS053  Oct.  S    Slight,        Slight,       0.20,  7.00 

green..        ,i 


green. 
laSSe  Not.  6   Slight. 


Cons., 
green. 


UtSS  Dee.  4   Slight.       Cons., 

Ught 


At. 


green. 


1.60 
1.60 


0.40 


0.60* 


.0002 


.0202  .0150 


.0012  .0182  .0160 


.0052 


.0032 


7.35  •  1.70  I  .0274  .0168  .0128  .0040' 


I 


7.76 


1^6 


.0164 


,  O.SOi  6.98 

I 


1.81 


.0204  .0164  .0050 


.64  .0200.0014  .4251  3.2 

i       i      li      I 

.66  .0160.0005  .4600  3.0 
.62  .0300.0002  .4920  3.0 

.66  .0280.0003  .4004  8.1 

I.  I 

I  i  ' 

.64  .0200  .0002  .4620   2.7 

I  I 

!  '        ! 

.68  .0830 .0004  .4235  2.9 

I  1 

I 

.63  .0100  .0006  .4643  2.7 

!:       I       I       I 

.60  .0O80|.00O6  .3696'  2.9 
.67  .0226  .0005  .8388  3.1 


.74'  .0100  .0008  .3357  8.1 


.78  .0150.0008  .3542  8.6 


.71  .0180.0022 


.0063*.0I99  .0162  .0037 

I 


I 


.66 


.3657  3.5 


.0183.0007  .4059  3.1 


Averages  by  Years, 


1887« 
1888 
1880 
1890 
1801 
'18B2 
18B3 
1894 


0.04  17.32 
0.17  11.11 
0.11    9.86 


0.11 


8.87 


0.15!  7.94 

I 

0.16'  7.23 


1.94  I,. 0105  .0180 

1  1 

1.79  ;. 0132  .0206 

1.83    1.0146.0220 

ii 

1.41  j  .0098  .0221 

1.80  .0095.0285 


I        I, 
2.11   .0266 


1.10  .0261  .0007      - 


1.57     .0086.0210 


0.27    6.66     1.82  i  .0106.0202 


0.30    6.98 


1.81     .0063.0199 


.0170.0050  0.90.0334.0008  - 

.0168,. 0053  0.83'  .0303.0004'  -       4.1 

I         >!       !!         I         ' 

.0162  .0073  0.75  .0333'. 0004  -       3.8 

.0161  .0049  0.67   .0249  .0003  -       3.4 

.0165  .0037  0.58   .0285  .0006  .40431  3.2 


.0102  .0037  0.60  '.0183  .0007   .4059    3.1 


*  June  to  December. 

Tfonto  analyses  of  1894:  Odor,  generally  dlatinctly  vegeuble;  on  heating,  the  odor  generally  be- 

eomct  rtroDger  and  nnpleanaot  or  graray. The  samples  were  collected  from  the  pump  well  at  the 

inmplBg  fUtion.    For  a  reeord  of  heighu  of  water  in  this  pond  at  times  when  samples  of  water  were 
coUceted  for  analyels,  aee  pag»  127. 
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CAMBRIDGE. 

JUieroieopieal  ExamintUion  of  Water  from  Frtsh  Pond,  Cambridgt. 
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CAMBRIDGE. 

Chemical  Examination  of  Water  from  Stony  Brook  Storage  Beservoir^  Waliham. 

[P«rt0  p«r  100,000.] 
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*  Jane  to  November, 

NoTB  to  analyses  of  1894:  Odor,  vegetable;  on  one  occasion,  mouldy.   On  heating,  the  odor  some. 

ttoMs  becomes  stronger. The  samples  were  oolleeted  from  the  reservoir,  near  the  surfaoe  at  the  dam. 

For  heights  of  water  In  this  rMcrvoir  at  times  when  samples  of  water  were  collected  for  analysis,  see 
psgem. 
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CAMBRIDGE. 

Chmkal  Examination  of  Water  from  Eobbs  Brooke  at  Winter  Street^  Wallham. 

[ParU  per  100.000  ] 
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Odor, geoereUy  diet ioetly  Tegetahie,  eometlmee  eleo  mooldy;  on  one  occeeton  none.— -The  sam< 
plii  vera  eoileeted  from  the  brt>ok. 

Microscopical  Examination, 

Tbeivenge  nnmber  of  organlems  per  cnblc  centimeter  found  In  theee  eamplee  wae  148. 

Tabie  ihacing  Heights  of  Water  in  Fresh  Pond  and  in  Stony  Brook  Storage  Reser- 
tw  on  the  Dales  when  Samples  of  Water  were  collected  for  Analysis, 

[Height*  are  In  feet  above  Cambridge  city  base.] 


rRESHPOSD.    High  Watbb,  1685. 


Date. 


HHght  of 
WaUr. 


Jm.  3,  . 
Ftb.  5, . 
ilM.  5,  . 

ApiUl.. 

June  5,. 
Jalj  », . 
Aug.  7, . 
Bcpu  &, . 
Oo.  2,. 
5oT.  5, . 
D«.  4,. 


1894. 


18.42 
15.15 
16.08 
16.64 
16.70 
16.70 
16.32 
14.01 
11.63 
10.78 
11.77 
12.56 


!      STONY  BROOK  BE8ER VOIR.    Roliwat,  81.00. 


Dati. 


II<>iKht  of 
Water. 


1S04. 


Jan.  2, . 
Feb.  12, . 
IfCar.  7, . 
April  2, . 
May  2,. 
June  5, . 
July  0, . 
Aag.18,. 
Sept.  5, . 
Oct.  8,. 
Nov.  7, . 
Deo.  4, . 


81.18 
81.25 
82.24 
81.27 
81.22 
81.27 
75.16 
74.U 
73.06 
71.16 
60.56 
75.00 
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CANTON. 

Water  Supply  of  Canton. 
Early  io  1894  the  sources  of  supply  of  the  town  of  CaatoD 
enlarged  by  the  constructioo  of  a  well  at  Heory  Springs.  The 
is  located  near  the  line  between  Canton  and  Stoughton,  eai 
Washiogtoa  Street  and  north  of  York  Street.  It  is  circular  in  I 
40  feet  in  diameter  and  23  feet  deep,  and  is  provided  with  a 
The  material  into  which  the  well  is  sunk  is  gravel,  overlaid 
quicksand.  The  walls  of  the  well  are  of  brick,  laid  in  cement 
tar,  with  a  bottom  course  of  granite  3  feet  wide.  Openings 
left  in  the  brickwork  just  above  the  granite  foundation  to  i 
water  to  the  well.  The  lower  12  feet  of  the  wall  is  20  incl 
thickness,  and  the  portion  above  this  IC  inches  in  thickness  t 
surface  of  the  ground,  where  the  thickness  is  reduced  to  12  in 
the  walls  being  carried  to  a  height  of  3  feet  above  the  ground, 
new  well  ia  connected  with  the  well  at  Sprinedale  by  a  cast 
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CHESTEB. 

Water  Supply  of  Chesteb. 
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Microseopieal  Examination. 
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CIIICOPEE. 

Chemical  Exaniinalion  of  Water  from  Morion  Brook  Reservoir,  Chieope 

[r»rt»  per  100,000.] 
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Microscopical  Examination. 


Chemical  Examination  of  Water  from  the  Receiaing  Basin  at  the  Pumping  S 
of  the  Chicopee  Water  Works. 

[ParU  prr  100,000.) 


!r  [ram  boib  Coolsj 


COHASSET  Watee  Compa: 
of  aamj)IeB  of  water  from 


Water  Sufplt  op  Cohasset. 

The  results  of  the  exuminatioi 
driven  wells  of  this  coibpany  made  in  1894  show  a  large  inc 
in  the  amount  of  iron  in  the  water,  the  presence  of  which  was  r 
in  the  last  annual  report.  As  there  stated,  the  determina 
of  turbidity,  sediment  and  color  ia  a  sample  of  water  of  this 
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con  ASSET. 

le  length  of  time  that  the  water  has  been  exposed 
has  been  drawa  from  the  ground,  since  they  are 
he  amount  of  iron  which  hag  been  thereby  oxidized 
to  an  insoluble  form.  The  results  of  these  deter- 
therefore  not  be  interpreted  aa  indicating  the  varia- 
f  of  this  water  from  month  to  month,  but  they  are 
ilue  as  indicating  a  condition  which  the  water  may 

on  of  Water  from  Ihe  Tabular  WdU  of  Ihe  Co/umcl  Water 

Company. 
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COHA9SET. 

Chemieat  Examinaiian  of  Water  from  a  Tubular  Test  Well  in  Cohaasi 

[Part*  pir  100,000.] 
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table  BDd  canby,  becomlDg  ilrongerud  grau;  on  heillDK;  or  the  lut  ■ample,  retr  falDCIfTe 

becOTDlog  dielloctly  oUj  od  hoallng. The  flr.t  .od  uoood  umplai  ware  coLJ«cl«d  frooj  the  pi 

the  laM  Irom  a  f  .ac«t  on  Habbard  Straet. 
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CONCORD. 

Examination  of  Water  from  Bandy  Pond,  Lincoln. 
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AT  THE  MaSBACHUSETTS  ReFORHATORT,  CoNCORD, 

Bra  formerly  ased  as  a  Bource  of  supply  by  the 
fonnatory,  but  no  water  has  been  pumped  from 
years.  Pumping  was  beguD  on  April  IS,  1894, 
<n  gallons  are  said  to  have  been  pumped  from  them 
ting  a  sample  of  water  for  analysis,  the  results  of 
below.  -There  are  32  wells  in  all,  1^  inches  in  ' 
1  40  to  60  feet  deep,  sank  in  a  sandy  tract  of  land 
s  surrounding  the  Reformatory  and  the  Assabet 
is  disposed  of  by  filtration  through  this  sandy 
is  aod  back  of  the  wells  and  within  a  few  hundred 
will  he  seen  from  an  examiuatioD  of  the  analysis 
f  these  wells  is  a  strong  and  fairly  well  purified 
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CONCORD. 

ChemiceU  Examination  of  Water  from  the  Tubular  Wetlt  at  lAe  MaaaaeA 
Seformalort/,  Concord. 

[Put!  p«r  100,000.] 
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Water    Supply    op    Cottage    Cnr. — Cottage    Cnr    W.* 

COMPANT. 

Ghemieal  Examinalion  of  Water  from  the  Springs  of  the  Cottage  City  1 
Company. 
(pitta  p*r  100,000.] 
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Mieroscopicai  Examination. 
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DAI-TON. 

?Lr  or  Dalton  Fire  District,  Dalton. 

'eservoir  was  built  od  Egypt  Brook,  just  above 
iverage  depth  of  the  new  reserroir  is  6  feet,  aod 
)0,000  galloQS. 

Wateb  Scpplt  of  Danvers. 

liTialion  of  Water  Jrom  Middlelon  Pond,  Hiddiclon. 
[ParU  p*r  lOO.DOO.) 
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iiiaHon  of  Water  Jrom  Bwatfi  Pond,  North  Heading. 
[Puu  par  100.000.] 
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ificttMcopicaZ  Examination. 

,  t;  OrcloUtIa,  1;  Satlaita,  I;  Tabellaria,  ».  All*,  Ctoffcrtim,  1 
wit,  4.  InfiiMils,  JWiiotf¥™i  **;  Dintbrvn  tail,  4;  JTaUnoMa*.  « 
kUuhom,  ZoBgkn,*.    ToUI,tT. 
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DEDHAM. 

Water  Sdpplt  op  Dedham.  —  Dedham  Water  Company 
Chemical  Eaaminalum  of  Waier  from  the  Well  of  the  Dedham  Water  Compi 
[PirU  par  100,000.] 
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Mieroscopical  Examination  of  Water  from  the  Well  of  lAe  Dedham  Water  Com] 

INnmber  of  oifaDlama  par  cubic  eanUmet«r.] 
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Water  Supply  of  Dudley. 

The  adFice  of  the  State  Board  of  Health  to  D.  W.  Crosby  of 
Webster,  relative  to  extendiDg  the  water  pipes  of  the  Webster  water 
supply  into  a  village  Id  the  town  of  Dudley,  may  be  found  on  page 
14  of  this  volume. 

Water  Supply  of  Easthampton. 

Chemical  Examinaiion  of  Water  Jrom  the  Easthampton  Water  Works. 

[ParbB  per  100,000.] 
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Odor  of  the  fint  aample,  very  faintly  vegetable;  of  the  Meond,  faintly  vegetable;  of  the  third,  very 

tiiiot.  The  odor  of  all  throe  aamplea  waa  atronger  on  healing. The  flrat  aample  waa  colleoted  from  a 

veil  at  tile  pamping  atation,  and  the  othera  from  a  fanoet. 

Microscopical  Examination. 

The  Doraber  of  organiama  per  cable  oentimeter  found  in  eaeh  of  theae  aamplea  waa  aa  foliowa : 
.Vo.  11930. 33;  No.  12425,  M;  No.  13040,  23. 
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Water  Supply  of  North  Easton  Village  District,  Easton. 

Cheinicfa  Examination  of  Water  from  the  Well  of  the  North  Easton  Village  District. 

[Parts  per  100,000.] 
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Odor,  none. The  aamplea  were  collected  from  the  well. 
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Microscopical  Examination, 
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Essex. 

In  connectioD  with  an  investigatioo  for  an  additioDul  water  sapf 

for  the  city  of  Gloucester,  analyacB  were  made  of  samples  of  wal 

collected  from  the  Chebacco  Lakes,  so-called,  ia  Essex,  Hamilt 

and  Weuham,  and  the  results  are  given  below. 

Chemical  Examination  of  Waterfront  Chebacco  Lake  in  Etsex  and  BamiUon 

(P*ru  per  10«,000.] 
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ESSEX. 

taminaUonof  Water  from  Chebacco  Lake  — Coaeluded. 

I  Nnmbar  of  arf*Diuni  par  eab\t  cenUmiiler.] 
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[Puu  per  100,000.] 


».o. 

HUIDUI  UI 

„..„. 

! 

Ninoou 

1 

i 

^ 

Albuniliwtd. 

1 

1 

1 

F 

i 

1 

1^ 

4 

i 

i 

1 

1 

1 

1 

ghl. 

1.40 

t.ot 

l.K 

». 

.OBl.OM* 

.OOM 

7. 

.0000  .OOOU 

-•«( 

O.B 

ght. 

1.00 

4.» 

2.00 

.0000 

.oJ.m2.»^ 

■"'• 

o.» 

bscodiliig  alroDier  DU  bBnUng. Tha  uoiplsa  wsn  eoIlMted  troi 


Microscopical  Examinalion. 

,  Attrrianttla,  \;  CfelaUUii,  I;  Mrrldion,  3;  Natlcula,  t;  Tabellaria,  SH. 
ijwru,  B-  Ibfntorli,  Z^iv6rycm,  20 ;  ^iHoArvon  ai«f«.  4;  Monat,\i  Prri- 
-,1.  lllH«llui«n»,.1caHna,.a8i  ZM^Iiia.l.  Toul,  TO. 
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fHw,4;  i^rMinfum.lOO;  7Voc*«toiMno«,  1.    MUcellmwoiu,  Zw-atoa,  SO. 
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Gtemie(U  ExamiwUion  of  Water  from  Oravelty  Fond,  BamUlon. 

[Pa[Up«ilOO;MO.] 
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Microscopic/^  Examinaiton. 

No.  HUM.    DUitODiiiiKs.  C^cloKJIa,  li  ^iniidra.  K;  roAf'toHo.  3.    Algn,  JrUnxIcmu, 

No.  12033.  DIiIonuccB,  CycloUUa,  1;  Cgrnbelta.  L;  A'anlmbi,  I.  CyaDDphyoeas,  .liiiii 
CAniA»cru.  S;  JfFri««ap«itla,  4.  Alts,  Cbn/rmi.  I;  ^Miinifenla,2.  InfoKirla,  iXnairyan  a 
ttridiaium.Vli  P>UK«i,\.    Valtaim,  RotaUirlaiiaBa,\.    UlHEllinaaui,  Zo^ffon,  M).    Total,  1 


Chemieal  Examinalion  of  Water  from  Beck's  I'ond,  HamiUon,  and  Coy's 
Wenham. 
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Microscopical  Examinalian. 

No.l2rai.  EHatomacoK.  C^lotflla,  1.  CyuophyceB,  lUrtimepcdUi.ll.  Alg«.  CUonKOC: 
/Votococctn,  30.  Fungi,  Crtnolhrix,  W.  Inrnaoiia,  RugUna,  1:  itoiai,  i;  FtrUHmlam,  3.  M 
neona,  ZoOglaa,  3«.    Total,  m. 

No  1I«M.  DUtoniacm.  Cfcloltlta,  1;  Sgntdra,  1;  TaMlarla.  1.  Cyanophycen,  Aniilf 
AlgB,  Chtoroco'xat,  1;  51ii»nMlnim,  3t.  Fungi,  Crtnolhrix,  31.  iDtnaorla.  CUiakd  iHfiuof 
DtnobrgonauettK;  Suglena.h;  Mma;Z\  Ptridlnimn.K;  TrachlUmanai.H.  Vermea,  .4nu 
Scll/er,  1.    lllHslluMoua,  ZoSglaa,  3.    Total,  200. 
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BSSBS. 

\tion  of  Water  from  a  Tubular  WeO  at  Ihe  Cadets'  Camp  Oround, 
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Micrvteopical  Examination. 


Water  Supply  op  Everett. 
(See  Boston,  Mytlic  Work*.') 


lion  of  WaUr  fnm  a  Tubular  Test  Well  in  BradUij  Meadow, 
EvereU. 
[P*ru  ptt  i«o,a<«,] 
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Microscopical  Examination. 
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fairhaten. 

Water  Supply  op  Faiehaven.  —  Fairhaten  Water  Comf. 
Population  in  1890,  2,919.  The  works  are  owned  by  the  I 
buveo  Water  Company,  and  water  was  introduced  about  Fel 
1894.  The  Bource  of  Bupply  is  aBystem  of  twenty-six  2^-iDch  tuV 
wells  in  the  valley  of  the  Nasketucket  River,  near  the  centre  of 
town.  The  wells  are  located  on  both  sides  and  in  the  bed  of 
river,  which  ia  a  very  small  and  shallow  stream,  and  cover  an 
approximately  300  feet  in  length  in  a  northerly  and  soulherly  di 
tioD,  by  about  130  feet  in  width.  The  wells  are  generally  abuu 
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Water  Supply  op  Frahikghah.  —  Framinohah  Water  Comi 

Chemical  Examination  of  WaUrfrom  the  Filter-gallery  of  the  Framingh. 
Water  Company. 
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«  of  Wider  from  a  Faucet  in  South  Framingham,  supplied 
t  Works  of  the  Framingham  Water  Company. 
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FRAMZNOHAM. 

Chemical  Examination  of  Water  from  the  Underdratn  beneath  the  Sew< 
Framinghanx. 
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Gu)DCEaTEB.  —  Glouobsteh  Water  Compahy. 

vUion  of  WaUr/rom  Dike's  Brook  Storage  SeMrvoir. 
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Chemical  Examination  of  Water  frmn  a  Brook  croating  Magnolia  Avenue,  t 
west  of  Lily  Pond,  Olottcester. 

[Puts  IMT  100,000.] 
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gix>uce8ti:b. 

Chemical  ExamincUion  of  Water  from  NarmarC'a  Woe  Brooke  Oloucester. 

[Pftrto  p«r  100,000.] 
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Microscopical  Examinalion, 
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Chemical  Examinaiion  of  Water  from  Femwood  Lake^  Oloucester, 
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Odor  of  the  first  sample,  distinctly  vegetable  and  mouldy;  of  the  second,  fsintly  vegetable,  becom- 
ing dlnLgreesble  after  standing  one  day ;  of  the  third,  very  disagreeable;  of  the  fonrtb,  none;  of  the  fifth, 
faintly  regeuble ;  and  of  the  last,  distinctly  vegeuble.    The  odor  of  all  samples  except  the  last  was 

•cronger  on  heating. The  aamples  were  collected  from  Femwood  Lake,  from  the  end  of  the  wharf 

at  Homan*s  iee-hoose.    This  Is  not  a  source  of  water  supply  for  the  city  of  Qlouccster. 
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Microieopieat  Examinalion  of  Water  from  Femwood  Lake,  Obweesler. 
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tminalion  of  Waltr  from  Eatlceirt  Brook,  OhucaUr. 

[PmrU  par  lOO.MO.] 
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OLOUCESTEB. 

Jliicroacopical  Examination  of  W(Utr  from  BatkelPn  Brook,  Olotuxtter — Com 

[NniDlMr  ot  arganlMD*  p«r  cnUo  «Di1maler.] 
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Water  Supply  op  Hingham  and  Hull.  ■ 
Company. 

The  advice  of  the  State  Board  of  Health  to  the  Hingham  ^ 
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HINSDALE. 
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nOLDISTON. 

Water  Supply  op  Holliston.  —  Holliston   Water   Com 
Chemical  Examination  of  Water  from  the  Well  of  the  HoUimn  Water  Com, 
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UOLYOKK. 

Water  Sdpplt  of  Holtoke. 
e  State  Board  of  Health  to  tbe  city  of  Holyuke, 
ID  Brook  in  tbe  town  of  Gmaville  as  a  source  of 
pply  for  the  city,  may  be  found  on  pages  20  and 


of  WaUrJrom  Whiiing  Street  Storage  Reservoir,  lloli/oke. 
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Microscopical  Examination  of  Water  from  Whiting  Street  Storage   Rest 
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naiion  of  WaUr  from  Wright  and  Ashley  Pottds,  Holyoke. 
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)F    Hyde    Park    and    Milton.  —  Hnm    Park 

Water  Company. 
e  State  Board  of  Health  to  inquiries  of  tlic  tchool 
t  Park  with  reference  to  the  quality  of  the  water 
'de  Park  Water  Company  may  be  found  on  pages 
ne. 

is  company  for  obtaining  a  supply  of  water  from 
I  Neponset  River  were  again  enlarged  in  1894  by 
(vella  north-east  of  the  starch  factory  well  men- 
I  reports.     The  new  welU  are  located  in  a  line 

very  close  to  the  southerly  aide  of  the  location 
b  Kew  England  Railroad,  and  average  about  45 
ne.  The  wells  are  6  inches  in  diameter  and  vary 
,  averaging  about  40  feet.  The  well  at  the  south- 
:  line  is  350  feet  from  the  river,  and  that  on  the 
of  the  line  about  250  feet  from  the  river.  Owing 
the  river  at  this  point,  the  intermediate  wells  are 
it  than  those  on  the  ends.     Each  well  is  said  to 

strainer  from  10  to  14  feet  in  length,  making  the 

surface  to  the  point  where  water  may  enter  the 
.    The  advice  of  the  State  Board  of  Health  to  the 

Company  with  reference  to  the  use  of  water  from 
e found  on  pages  23  and  24  of  this  volume.     (See 
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HTUE  PARK. 

•tinalim  of  Water  from  lAe  WeUt  of  the  Eyde  Park  Water 
Conqiany. 
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HYDE  PARK. 

Chemical  Examirialion  of  Water  from  a  faucet  in  Mx 
of  the  Hyde  Park  Water  Com 
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nVlIE  PARK. 

of  WtUtr  from  Ihe  New  Six-inch  Tubulnr  Welis  of  the 
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HTDB  PARK. 

Chemical  Examinaiton  of  Water  from  the  Nepomet  River  at  Hyd 
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HYDE  PABK. 

ninaiion  of  Water  Jrom  the  Neponaet  Bioerat  ffyde  Park. 
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Water  Supply  op  Ipswh 

The  works  are  owned  by  the  towD,  and  v 
latter  part  of  1894.  The  source  of  supply  is 
Dow's  Brook,  very  near  its  junction  with  Bui 
mented  when  necessary  with  water  from  Bull 
pumped  nt  a  pumping  station  near  the  reser 
reservoir  on  Town  Hill  and  to  the  village. 

The  storage  reservoir  has  an  area  of  abi 
capacity  of  about  55,000,000  gallons.  Its  vat 
water  is  30  feet  and  its  average  depth  9.6  fee 
very  thoroughly  prepared  for  the  storage  of 
of  soil,  mud  and  vegetable  matter  from  the  ar 

Dow'a  Brook  has  a  water-shed  of  about 
largely  of  pasture  land,  but  there  are  seve 
vicinity  of  the  reservoir,  and,  though  the  popt 
is  small,  it  may  have  a  greater  influence  u[ 
water  of  the  reservoir  than  if  scattered  more 
water-shed. 

Bull  Brook  has  a  rapid  fall  for  some  distant 
Dow's  Brook,  and  at  a  point  about  900  feet 
the  brooks  a  small  dam  has  been  constructec 
vitrified  pipe  has  been  laid  to  convey  water  fn 
the  storage  reservoir  on  Dow's  Brook.  The  wi 
above  the  dam  contains  but  few  inhabitants,  1 
the  area  is  swampy  land,  causing  the  water 
By  the  construction  of  the  dam  a  portion  of  i 
the  dam  is  said  to  be  flowed. 

The  distributing  reservoir  is  rectangular  i 
by  100  feet  wide  at  the  foot  of  the  slopes,  s 
157  feet  at  the  top  of  the  slopes  inside.  It  i: 
the  top  of  the  embankment,  and  when  filled 
contains  a  little  more  than  3,000,000  gallons 
are  lined  with  a  6-incb  layer  of  coarse  gravel 
stone  paving  about  12  inches  in  thickness.  '] 
with  a  6-inch  layer  of  concrete,  which  extend: 
and  paving  on  the  slopes  for  a  portion  of  the 
to  n  masonry  core  wall  in  the  embankmen 
Distributing  mains  are  of  cast  iron,  service  pi 
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IPSWICH. 

the  State  Board  of  Heoltb  to  the  town  of  Ipswich 
urce  of  water  supply  may  be  found  od  pages  24-26 

mples  of  water  collected  during  the  investigation 
Y  may  be  found  on  page  179  of  the  annual  report 


Lakeville. 

mples  of  water  collected  from  Assawompsett  and 
ly  be  found  under  TauotoD,  and  from  Great  Quit- 
lacas  and  Long  ponds  under  New  Bedford. 


Water  Supply  of  Lancasteb. 
jancaster  purchased  the  works  of  the   Lancaster 
in   1893,   but  still  continues  to  obtain  its  supply 
I  Clinton  Water  Works. 


Water  Supplt  of  Lawrence. 
wrence  has  been  supplied  during  the  year  with  the 
water  filtered  through  the  sand  filter,  first  used  in 
and  fully  described  in  the  last  annual  report  of 
f  Health,  pages  543-560.  The  tables  which  follow 
if  the  unfi]tered  Merriniack  Hirer  water,  and  of  the 
he  pumping  station  and  at  the  distributing  reser- 
%  of  more  extended  chemical  and  biological  exami- 

e  and  after  filtration  may  be  found  in  a 

I  report. 
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luLWRENCB. 

Chemical  Examination  of  Water  from  the  Merrimac 
Opposite  the  Intake  of  Ute  Lawrence  Wt 

[Puta  p«r  100,000.] 
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C/iemicat  ExamincUion  of  FiUered  WaUr  from  the  i 
Station  of  the  Lawrence  Water  I 
[Puru  par  100,000.] 
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Mieroaeopieai  Examination  of  FiUered  Water  from  the 
Station  of  the  Lawrence  Water  I 
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Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Lawrence 

WaUr  Works. 

[Parts  per  100,000.] 
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Odor,  faintly  vegetable  or  none,  beeomlng  stronger  on  heating. The  sannplea  were  collected  from 

a  faocet  at  the  gate-hoaae,  and  repreaent  water  flowing  oat  of  the  reservoir.    The  reservoir  la  aapplled 

wiih  filiered  water. 


Microscopical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Law- 
rence Water  Works, 

[Number  of  organiama  per  coble  centimeter.] 
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LAWKENCB. 

Microtcopictti  Examination  of  Water  from  the  DiUri 
rence  Water  Works — Conch 

[NonibH  ol  Dr|uil>iiia  p«  enbli  oeoU 
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LEICESTER. 

Water  Supplt    of    the    Leicester  Water  Supply  District, 

Leicester. 

Chemical  ExamincUiofi  of  Water  from  the  WeUs  of  the  Leicester  Water  Supply 

District, 


[ParU  pai 

•  100,000.] 

Date  of 
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• 

i 

s 

1 

« 

1 

• 

Z 

u 
a 

a 
• 

a 

00 

• 

a 

1 

Albu- 
minoid. 

1 

■ 

8 

9i 

■ 

B 

e 

11920 

IWM. 

Mar.    19 

V.  alight. 

None. 

0.10 

4.60 

.0000 

.0018 

.19 

.0880 

.0000 

.1422 

1.0 

.0300 

12333 

JOXM    18 

None. 

None. 

0.10 

4.85 

.0002 

.0010 

.21 

.0600 

.0000 

.1288 

1.4 

.0060 

129£! 

Sept.  18 
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0.04 
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13330 

Not.   10 
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0.17 
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.0220 
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. 

o.id 

6.40 

.0001 

.0019 

.22 

.0613 

.0000 

.1129 

.0143 

Odor,  none. "—  The  eamplee  were  coUeeted  from  a  faooat  In  tha  TiUage. 

Microscopical  Examination, 

An  ineignifieant  namber  of  organiama  waa  fonnd  in  eaeh  of  thaie  eamplea. 

Chemical  Examination  of  Water  from  Bumcoat  Pond  and  from  Cedar  Meadow 

Fond. 

[ParU  per  100,000.] 
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1.40 

4.60 

2.16 

.0082.0308 

.0290 

.0078 

.27 

.0000 

.0000 

.7702 

1.9 

Odor,  faintly  vegetable ;  of  the  aecond  aample,  also  monldy. The  flrat  aampla  was  collected  from 

Bumeoat  Pond,  at  its  outlet,  and  the  second  aample  from  Cedar  Meadow  Pond.    The  aamplea  were 
collected  while  making  an  examination  of  poaaible  aourcea  of  water  supply  for  the  city  of  Worcester. 

Microscopical  Examination. 

No.  13216.    Total  number  of  organiams,  840,  chiefly  Diatomaoen. 
No.  13217.    Total  number  of  organisms,  22,  chiefly  Dlatomacen. 

For  resoUs  of  examinaUona  of  samples  [of  water  coUaeted  from  Kettle  Brook  in  Leioester,  see 
Forecater. 
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leominstbb. 

Watbe  Supply  of  Lboh 

Chemical  Examination  of  Water  from  Eaynes 

[P.ru  par  lOO.OOO.] 
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iIINATION  OF  WATER  SUPPLIES. 


I.EOMIK8TER. 

lamination  of  Water  from  Hayna  Baervoir,  Leominster. 

ISttahn  at  ocfuduu  p*r  i 
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LEOMmSTEB. 

Chemical  Examination  of  Waier  from  Mo. 

[PirU  p*r  IDO/WO.] 
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Microscopical  Examination  of  Water  from  3i 
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LEOMINSTKK. 

linatum  of   Water  from    Morse  Reservoir,  Leominster  — 
CoDcluiled. 
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m 

INATION  OF  WATER  SUPPLIES. 


LBXINOTON. 


■aliffn  of  Water  from  a  Fautxl  at  Iht  Pumping  Station  of  the 
Lexington  Water  Company, 
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Water  Sopply  of  Lincolk. 

(See  Concord.) 

^ATBR  Supply  of  Lokoheadow. 
the  State  Buard  of  Health  to  the  town  of  Liong- 
x>  taking  the  water  of  Cooley  Brook  in  Longmeadow 
er  supply,  may  be  found  on  pages  25  and  26  of  this 
ilyais  of  a  Bample  of  water  collected  from  the  brook 


cat  Examinatvm  of  Water  from  Cooley  Brook. 

[rarti  p«r  IW.OOO.J 
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eUbla,  diHppurlng  CD  ImllDg. Tile  umpla  wucDlleclcd  from  IbBbioek. 

Mierotcopical  Examination. 

>,li  ^McNbi,  1;  Jyiwdra,!.    Fvagl,  Crtnttkrix.K;  3fotJ;l.    Totil,  M. 


STATE  BOABD  OF  HEALTH. 


Watee  Supply  op  Lowell. 

Cheiitieal  Examination  of  Water  from  the  Merrimack  River  above  Lowel 
the  Intake  of  lAe  Lowdl  Water  Woria. 

[Paru  ptr  lOOvMO.] 
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Note  10  tonlyHa  ot  ISM:  Odor,  genenlly  dlallactlf  vegetable  or  mouldy. — 
colleoled  troni  th*  riTSt,  ilKial  1  toot  benentb  the  aurfus. 

■  Urirlmick  Elnr"  In  the  ehipUr  on  •'  Eumlution  of  Blian  "  In  ■  anbHqilaat  p 


MINATION  OF  WATER  SUPPLIES.  203 


LOWELL. 

ination  of  WaUr  from  the  Merriiaack  River  above  Lowell, 
porile  the  Intake  of  Ihe  Lowell  Water  Worla. 
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U>WELI.. 

Qtemicat  ExaminaUon  of  Water  from   J^tbutar  W 
Meadow  Brook,  a  Short  Distance  alioV' 

[Pktti  par  lOO/WO.] 
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Microscopical  Examinatv. 

A  tery  amull  numbac  ol  C'roDatbrli  win  (oand  Id  tbe  umpli 
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LUDIiOW. 

Water  Supply  of  Ludlow. 

(See  Springfield,) 


Water  Supply  of  Lynn  and  Sauous. 

In  the  latter  part  of  1893  the  city  of  Lynn  exercised  the  authority 
granted  it  by  the  Legislature  to  take  the  water  of  the  Saugus  River 
as  an  additional  supply,  and  during  1894  water  has  been  from  time 
to  time  diverted  from  the  river  either  directly  to  the  city  or  to  the 
existing  ponds  and  reservoirs.  The  water  is  drawn  fi*om  the  river 
at  the  outlet  of  Howlett's  Pond,  and  thence  flows  through  a  short 
canal  to  the  canal  already  in  use  for  conveying  water  from  the 
Hawkes  and  Penny  Brook  sources. 

The  Saugus  River  at  Howlett's  Dam  has  a  drainage  area,  as 
determined  from  the  topographical  map  of  the  State,  of  16.64  square 
miles,  and  upon  this  area  there  is  estimated  to  be  a  population  of 
11,800,  equivalent  to  709  per  square  mile  of  drainage  area.  At  the 
upi)er  end  of  Howlett's  Pond,  a  tributary  from  Wakefield  joins  the 
river.  At  the  head  of  this  tributary  is  Crystal  Lake,  practically  all 
of  the  water  of  which  is  taken  by  the  Wakefield  Water  Company 
for  the  supply  of  Wakefield  and  Stoneham.  Upon  the  remaining 
3.08  square  miles  of  wuter-shed  of  the  brook  there  is  a  population 
of  about  3,726,  equal  to  1,210  per  square  mile.  Near  the  head  of 
the  main  stream,  in  Wakefield,  is  Lake  Quannapowitt,  having  a 
water-shed  of  4.35  square  miles.  Upon  the  water-shed  of  this 
lake  there  is  a  population  of  about  5,854  in  the  towns  of  Reading 
and  Wakefield,  equal  to  1,346  per  square  mile. 

Between  the  outlet  of  Lake  Quannapowitt  and  Howlett's   Dam 

the  river  flows  much  of  the  way  through  extensive  meadows  and 

swamps,  which  probably  have  an  area  of  as  much  as  one  square 

mile,  and  in  its  course  through  this  region  receives  two  tributaries 

from  the  north,  —  Beaver  Dam  Brook  and  a  brook  flowing  from 

Pilling's  Pond.     Exclusive  of  the  water-sheds  of  all  the  tributaries 

mentioned,  the  area  of  water-shed  tributary  to  the  main  stream 

between  the  outlet  of  Lake  Quannapowitt  and  Howlett's  Dam  is 

about  4  52  square  miles. 

Beaver  Dam  Brook  drains  an  area  of  1.76  square  miles  above  a 
point  about  a  quarter  of  a  mile  north  of  the  Newburyport  branch  of 
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the  Boston  &  Maioe  Railroad.  Tbe  drai 
small  village  of  Lynnfield  Centre.  Pillii 
drains  an  area  of  2.05  square  miles,  wh 
population.  It  is  an  artificial  reservoir,  foi 
flooding  a  level  meadow  to  a  depth  of  4  fee 
acres  and  its  average  depth  about  3  feet. 

With  regard  to  the  quality  of  the  water  < 
State  Board  of  Health,  in  a  communicati 
Board  (annual  report  for  1893,  pages  25-2i 
that  the  Saugus  River,  at  the  point  from 
now  takes  the  water,  receives  so  much  pc 
towns  of  Reading  and  Wakefield  as  to  rend* 
which  to  take  a  water  supply,  unless  the  w 
purified  by  filtration. 

Id  June  the  water  of  WaMen  Pond  was  d 
the  Saugus  River,  to  give  an  opportunity  : 
the  bed  of  the  pond  in  the  vicinity  of  the 
were  cleaned,  and  some  peaty  deposits  of 
covered  with  sand  and  gravel.  An  arm 
about  12.8  acres,  where  the  water  was  shal 
the  main  portion  by  a  dam  across  its  lowi 
soil  removed  from  the  bed  of  the  pond  imm 
provided  with  a  gate  was  laid  ander  the  dai 
empty  at  the  end  of  the  year. 

Id  the  following  tables,  in  addition  to  thi 
of  samples  of  water  from  the  four  ponds,  as 
be  found  the  results  of  examinatioos  of  sai 
from  the  Saugus  River  at  Hewlett's  Dam,  a 
where  it  is  joiDcd  by  the  brook  from  Wakt 
ID  the  city. 
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Chemical  Examination  of  Water  from  Breed's  Pond^  Lynn, 

[PftrU  per  100,000.] 
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o 
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Appkjlbakcb. 

RK8ID 

EVAI 

TI< 

UK  OM 
'OBA- 

)ir. 

Ammonia. 

• 

1 

3 

NlTBOGBN 
AS 

Oxygen  Consumed. 

1 

Sediment. 

• 

1 

Loss  on 
Ignitton. 

• 

1 

Albaniinoid. 

• 

s 

c 

• 

3 

o 
H 

• 

i 

c 

1894. 

11599 

Jan.    3 

Slight. 

Slight. 

0.00 

4.90 

2.05 

.0020 

.0352 

.0286 

.0066 

.70 

.0140 

.0001 

.6905 

1.1 

U7o3    Feb.    7 

]                                 1 

DUtlDct. 

Slight. 

0.50 

3.80 

1.30 

.0102 

.0212 

.0188 

.0024 

.64 

.0030 

.0003 

.4672 

0.8 

ll'i61    Mar.  7 

SUgbt. 

Slight. 

0.60 

3.35 

1.45 

.0034 

.0182 

.0158 

.0024 

.46 

.0050 

.0000 

.5880 

0.6 

Vjaoo    Apr.  5 

811  gbt. 

SUght. 

0.60 

3.70 

1.40 

.0014 

.0192 

.0164 

.0028 

.56 

t 

.0030 

.0001 

.5236 

0.8 

12160 

May    7 

Blight. 

Cons. 

0.55 

3.75 

1.65 

.0006 

.0270 

.0240 

.0030 

.60 

.0000 

.0000 

.6265 

0.8 

\a->e 

June  6 

Distinct. 

Coos. 

0.63 

1 

3.96 

1.60 

.0008 

.0202 

.0168 

.0034 

.60 

.0030 

.0000 

.6300 

0.6 

125iJ3 

July  10 

V.  slight. 

V.  slight. 

0.55 

3.25 

1 

1.25 

.0000 

.0174 

.0156 

.0018 

.62 

.0000 

.0000 

.5428 

0.8 

Vi6«S 

Aug.  8 

Distinct. 

Slight, 

0.63 

3.65 

1.36 

.0010 

.0258 

.0180 

.0078 

.58 

.0000 

.0000 

.5020 

1.3 

12924 

Sept.  11 

green. 
Slight. 

green. 
Slight. 

0.70 

3.60 

1.46 

.0008 

.0220 

.0194 

.0026 

1 

.57 

.0020 

.0000 

.4389 

0.9 

1 
1310%   Oct.    9 

green. 
Blight. 

SlighL 

0.65 

3.70 

1.46 

.0014 

.0232 

.0200 

.0032 

.54 

.0000 

.0000 

.4446 

0.9 

13291  'Nov.  12 

V.  slight. 

V.  slight. 

0.70 

3.40 

1.16 

.0032 

.0178 

.0164 

.0014 

.62 

1 

.0030 

.0000 

.4914 

0.8 

r4« 

At. 

{    Dec.lO 

V.sUght. 

Slight. 

0.00 
0.65 

4.20 

1.65 

.0032 
.0023 

.0232 
.0225 

.0100 
.0191 

.0042 
.0034 

.65 
.68 

.0050 
.0032 

.0000 

.0000 

.5621 

.5264 

1 

1.1 

1 

3.77 

1.47 

0.9 

Averages  by  Years, 


1887* 

1888 

1889 

1890 

1891 

1892 

1893 

1894 


0.51 

3.70 

1.32 

0.48 

3.71 

1.42 

0.45 

3.09 

1.02 

0.42 

3.62 

1.61 

0.35 

3.35 

1.37 

0.43 

3.65 

1.38 

0.65 

3.61 

1.41 

0.65 

3.77 

1.47 

.0006 
.0029 
.0007 
.0014 
.0009 
.0004 
.0039 


.0217 
.0227 
.0208 
.0196 
.0156 
.0220 
.0214 


.0023.0225 


- 

- 

.44 

- 

- 

.45 

.0165 

.0043 

.41 

.0165 

.0041 

.41 

.0131 

.0025 

.40 

.0177 

.0043 

.49 

.0181 

.0033 

.56 

.0101 

.0034 

.68 

.0024 
.0053  .0001 


.0036 
.0062 
.0080 
.0055 
.0054 
.0032 


.0001 
.0001 
.0001 
.0000 
.0001 
.0000 


.6102 
.5264 


1.1 
0.8 
1.0 
1.1 
0.9 


*  June  to  December. 

Note  to  analyses  of  1894 :  Odor,  generally  distinctly  vegetable  and  frequently  also  unpleaiiant  or 
SnMy.  —  Tbe  satnplee  were  collected  from  the  pond  near  the  gate-house,  about  1  foot  beneath  the  sur- 
fsee. 
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Chemical  Examinalian  of  Water  from  Birch  Pond^  Lynn. 

[Parts  por  100,000.] 
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e 
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1 

c 

3 
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11732 

iisao 

12IM 
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12502 
12687 
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13107 
13290 
13463 

1 

Jan.    8 1 
Feb.    7  1 

Mar.   7 

1 

Apr.   5  : 
May    7 
Jnn«  6 
Jaly  10 
Aug.  8 

Bept.ll 

1 
Oct.    9 

Nov.  12 

Dec.  10 

1 

Distinct. 
Distinct. 
Distinct. 
Distinct. 
SUght. 

DisUnet, 
green. 

Distinct, 
green. 

Distinct. 

Distinct, 
green. 
;  Slight. 

V.  slight. 

V.  slight. 

Blight. 

Blight. 

Blight. 

Cons., 

green. 
Cons. 

Cons. 

V.  slight. 

Blight, 

green. 
Blight, 

brown. 
Cons., 

green. 
V.  slight. 

Blight. 

0.75 
0.80 
0.75 
0.58 
0.48 
0.70 
0.55 
0.50 
0.60 
0.90 

i.ao 

1.10 
0.75 

4.60 
4.45 
4.15 
8.75 
2.55 
4.40 
3.85 
4.00 
4.25 
4.15 
7.45 
6.05 

4.47 

1.90 
1.85 
2.00 
1.45 
1.90 
1.75 
1.85 
1.60 
1.70 
1.90 
3.20 
2.10 

Av. 

1.88 

i 

Ammonia. 


i 


Albuminoid. 


o 


.0084 
.0258 
.0004 
.0024 
.0008 
.0026 
.0006 
.0008 
.0024 
.0018 
.0044 
.0042 


.0053 


.0264 
.0314 
.0284 
.0338 
.0258 
.0254 
.0348 
.0276 
.0254 
.0830 
.0886 
.0304 


.0202 


.0206 
.0228 
.0963 
.0242 
.0216 
.0222 
.0216 
.0288 
.0216 
.0262 
.0368 
.0228 


.0342 


.0046 
.0086 
.0022 
.0096 
.0042 
.0032 

.0032 

I 
.0038 

.0038 

.0068 

.0018 

.0076 


.0060 


a 
•c 

o 


.65 
.57 
.50 
.51 
.51 
.50 
.55 
.56 
.58 
.54 
.68 
.76 

.57 


NlTBOOBN 

AS 


9i 


s 


.0100 
.0150 
.0070 
.0030 
.0030 
.0000 
.0000 
.0000 
.0090 
.0030 
.0300 
.0180 


.0076 


.0001 
.0008 
.0001 
.0001 
.0001 
.0000 
.0000 
.0000 
.0000 
.0001 
.0002 
.0001 

.0001 


• 

2 

a 

a 

• 

a 

8 

m 

a 

8 

e 

4 

O 

m 
SB 

.4454 
.6760 
.6600 


0.9 
1.1 
0.8 


.55820.8 
.59700.8 
.58130.8 


.5582 
.5505 
.4851 
.5913 
1.1700 
.6853 


1.0 
1.1 
1.8 
0.8 
2.1 
1.7 


.62091.1 


Averages  by  Tears, 


1887* 
1888 

1889 
1800 
1891 
1892 
18B8 
1804 


- 

0.57 

4.02 

1.61 

- 

0.33 

3.48 

1.40 

- 

0.23 

2.96 

1.14 

- 

0.36 

3.57 

1.85 

- 

0.42 

3.26 

1.80 

- 

0.48 

3.73 

1.56 

- 

0.75 

4.21 

1.68 

■ 

0.75 

4.47 

1.88 

.0016.0289 
.0026'.0287 


.0014 
.0013 
.0005 
.0016 
.0052 
.0053 


.0236 
.0227 
.0341 
.0299 
.0299 
.0392 


.0190 
.0179 
.0183 
.0327 
.0218 
.024! 


1- 


.0046 
.0048 
.0058 
.0072 
.0061 
0050 


.43 
.45 
.41 
.42 
.40 
.47 
.51 
.57 


.0044 
.0012 


.0001 


.0048.0001 
.0088.0001 
.0065.0001 
.0092.0001 
.0069.0001 
.00761.0001 


.5285 
.6390 


1.0 

0.7 
1.0 
1.0 
1.1 


KOTBtO 

odor  Is  stronger 
•nrfaee. 


*  Jane  to  December. 

of  1894:  Odor,  distinctly  vegetable  and  frequently  also  nopleasant;  on  heating,  the 
Tbe  samples  were  collected  from  the  pond  near  the  gate*bonse,  1  foot  beneath  the 
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LYNN  AND  8AUGU8. 

Microscopical  ExamimUwu  of  Waterfront  Birch  Pond,  Lytm. 

[Humbar  of  orgulim*  per  cubic  ceDltmeUr.] 
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LYUU  AND  SAUGUS. 

:ai  Examination  of  Water  from  WaUen  fbnd,  Lynn. 

[ParU  per  100,000.] 
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Averages  by  Yean. 
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.0004 
.0060 

.OOM 
.0340 

.03il 
.0403 
.0383 

.0140 

1 

.CNHS 

.-9M 

*  Jasutry  lo  Jaa*. 

if    IBM  :  Odor,  inetilly  dlillnetly  «geubl«  »d  iinpl««Bt. The  umples 

pood  Dsu  Uh  (U*.banK.  1  toot  bcncuh  Uw  lorteu.    TkU  icHrvolc  wu  dnwn 
■d  «mpi;Uih**Bdi>tUi*y«r. 


STATE  BOARD  OP  HEALTH. 


[P, 


I.TNN  AND  SAUOnS. 

MieroKOpical  Kxamination  of  Water  from  Wdldtn  Pond,  Lyn* 
[Harnbir  of  orsaDlioM  p«r  enblo  unUaeMr.) 
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Chemic€U  Examinaiion  of  Water  from  Olen  Lewis  Pond,  Lynn, 

[Paru  per  100,000.] 
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Jan.  3 
Jan.  10 
Feb.  7 
Mar.  7 
Apr.  5 


ArPBABAKCK. 
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a 

CO 


5 
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Diatincfc, 
^reen. 
Slight. 

Dlatlnct. 

Distinct. 

Diatinet. 


May    7  ,  Diatinet. 


123S7  :  Jane  6 


12504 
ie6» 
12W5 
13100 


July  10 
Ang.  8 
8ept.ll  I 


Diatinet, 
green. 


Slight. 

SUght. 

Slight. 

Cons. 

Cone. 

Com., 
green. 

Gone., 
green. 


Get.  9 
IS2K  Nov.  12 
lUSi   Dee.  10 


Decided,  '  Cone., 


At.* 


green. 

Decided, 
green. 

Diatinet, 
green. 

Diatinet. 

V.  alight. 

V.  flight. 


■||' 


green. 

Slight, 
green< 

Cona. 


Com. 

Slight. 

SUght. 


0.80 
0.80 
0.70 
0.65 
0.20 
0.05 

1.20 

1.20 

l.SO 

1.30 

0.80 
0.80 
0.62 

0.85 


RsaiDUK  OM 
Evapora- 
tion. 
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Ammonia. 


i 


Albamlnold. 


5 

c 


► 

•1 


il 


9 
CO 


4.65 
4.45 
8.05 
3.05 
2.15 
3.15 

3.05 

8.85 

4.75 

4.00 

4.45 
3.05 
3.90 


3.81 


2.00 
1.85 
1.85 
1.00 
0.90 
1.50 

2.15 

2.15 


.0004 
.0010 
.0240 
.0440 
.0022 
.0026 

.0264 

.0000 


2.60  11.0014 


1.80 

2.90 
2.90 
1.85 


.0528 
.0278 
.0354 
.0240 
.0284 
.0320 

.0486 


.02M'.0264 

I 

.0216'  0O62 
.0228.0126 
.0210.0030 

.0172  .0112 

t 

.0198  .0122 


.0272.0164 


.0502  .0316 


1.89  .0107 


.0060 

.0082 
.0183 
.0010 


.1268 

.0720 

.0574 
.0396 
.0384 


.0495 


.0370 


.0246 


.0808 


.0480.0240 


.0434 
.0362 
.0280 


.0207 


.0140 
.0034 
.0104 


.0198 


g 


.50 
.54 

.49 
.84 
.37 
.39 

.41 

.48 

.45 

.45 

.44 

.47 
.44 
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i 

1 
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•2 


.44 


.0000 
.0000 
.0030 
.0030 
.0030 
.0000 

.0070 

.0000 

.0000 

.0020 

.0000 
.0070 
.0030 

.0023 


.0000  .8006 
.0001  .7566 
.0001  .700010 


.0001 
.0000 
.0000 


.4120 
.2980 


.50040 


0.8 
0.6 

.9 
0.5 
0.0 

.2 


.0002,  .7101 


.0000 

.0000 

.0000 

.0002 
.0001 
.0001 


.0001 


.7762 

.7161 

1.0067 

.7676 
.7878 
.6868 


.6869 


0.3 

0.3 

0.8 

0.8 

0.5 
0.5 
O.S 

0.5 


Averages  by  Tears. 


- 

1890 

1 

0.76 

4.84 

2.21 

.0412 

.0445 

.0327 

.0118 

.36 

.0063 

.0001 

- 

1.0 

- 

1S91 

0.63 

3.90 

1.75 

.0328 

.0484 

.0324 

.0160 

.34 

.0124 

.0002 

! 

0.6 

- 

1892 

- 

0.62 

3.95 

1.96 

.0127 

.0475 

.0332 

.0143 

.40 

.0193 

.0002 

- 

0.6 

- 

1893 

- 

0.64 

3.81 

2.14 

.0112 

.0729 

.0829 

.0400 

.42 

.0040 

.0002 

.6048 

0.6 

- 

1894 

1 

1 
1 

0.85 

3.81 

1.89 

.0107 

.0496 

.0297 

.0198 

1 

.44 

.0023 

.0001 

.6860 

0.5 

*  Where  more  than  one  aample  was  ooUeeted  in  a  month,  the  mean  analytia  for  that  month  hae 
been  used  In  making  the  average. 


NoTX  lo  analyaea  of  1804:  Odor,  generally  decidedly  vegetable  and  freqaently  also  anpleasant. 

The  nmples  were  collected  from  the  pond  near  the  gate-house,  1  foot  beneath  the  surface. 
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L.YNN  AND  8AUGU8. 

Cliemkal  Examination  of  Water  Jrom  the  Saugus  River  at  EowleWa  Dam^  Saugus, 

[Parte  per  100,000.] 


Dftto  of  Collection. 

Appsabahck. 

RaaiDCK  ON 

EVAPOBA- 
TION. 

1 
AmfONiA. 

• 

e 
"Z 

.59 
.56 
.65 

.69 

.68 

1.19 

1.80 

1.40 

2.04 

.76 

1.04 
1.03 

KirmooKv 

Aa 

• 

S 

m 

s 

1 

O 

i 

9 

• 

e 
1 

1 

• 

• 

• 

a 

.1 

3 

1 

Albuminoid. 

• 

s 

c 

m 

g 

6 

3 

• 

1 

• 

is 

1 

i 

e 

1 

D3 

11794 
11860 
12004 

12164 
12330 

ifioe 

1»29 
IS113 
1S295 

134^: 

18M. 

Feb.  20 
Mar.  7 

Apr.  5  \ 

t 

May  7 
Jane  6 
JalylO 
Aag.  8 

3ept.l] 
Oct.   9 
Nov.  12 

Dee.  10 

V.  alight. 

Slight. 

Slight. 

Slight. 

Slight. 

,  Slight. 

Slight. 

Slight. 
Slight. 
V.allght. 

Y.alight. 

Slight. 
Slight. 
Cone., 

yellow. 
Cona. 
Blight. 
Blight. 
Cona., 

brown. 
Blight. 
Cona. 
Oona., 

brown. 
V.  alight. 

1.10 
0.80 
0.60 

1.80 
1.501 
0.90 
1.10 

1.00 
0.68 

i.eo 

1.70 
1.16 

6.86 
6.06 
6.80 

6.80 

6.86 

9.20 

11.76 

11.60 

13.06 

9.00 

10.16 

2.40 
2.80 
2.20 

8.05 
8.86 
2.60 
4.90 

8.85 
4.85 
8.90 

4.06 

.0030 
.0006 
.0008 

.0018 
.0014 
.0000 
.0348 

.0062 
.0028 
.0012 

.0090 

.0216 
.0228 
.0196 

.0324 
.0808 
.0312 
.0816 

.0346 
.0410 
.0398 

.0366 

.0194 
.0202 
.0162 

.0298 
.0290 
.0276 
.0284 

.0292 
.0298 
.0862 

.0830 
.0272 

.0022 
.0026 
.0034 

.0026 
.0018 
.0036 
.0032 

.0064 
.0112 
.0036 

.0026 

1 

.0038 

1 

.0050 
.0160 
.0180 

.0060 
.0080 
.0000 
.0300 

.0220 
.0050 
.0030 

.0220 
.0112 

.0002 
.0002 
.0001 

.0002 
.0000 
.0001 
.0100 

.0026 
.0020 
.0001 

.0003 
.0014 

.9600  2.9 
.81041.8 
.6818^.1 

1.2972  2.3 

1.0866  2.2 

.7864  4.0 

.6837  4.7 

.5862  5.6 

.6901  6.0 

1.7160  3.5 

1.88608.8 

At. 

8.68 

8.86 

.0066   osin 

0.9629 

8.5 

1 

Odor,  generallj  decidedly  vegetable  and  frequently  alao  nnpleaaant,  graaey  or  mouldy ;  on  heating, 
tbe  odor  ii  somewhat  atronger.  ~-~-  The  aamplea  were  collected  from  the  Sangna  River  at  Howlett'e  Dam . 


Microscopical  Examinaiian  of  Water  from  the  Saugus  Biver  at  HowleWs  Dam^ 

Saugus^ 

[Nnml>er  of  organiama  per  cubic  centimeter.] 


ISM. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oet 

Nov. 

Dec. 

Dty  of  examination, . 
Namber  of  aample,  . 

22 
11794 

8 
11866 

6 
12004 

8 
12164 

7 
12390 

11 
12606 

10 
12692 

13 
12929 

11 
13113 

13 
13296 

11 
18467 

PLANTS. 

DlatomacesB, 

Cydotella,   .... 

Diatoma, 

Pragtlarla,    . 

Meloiira,      . 

Meridlon,     . 

Navlcula,     . 

Klutehia,    . 

Synedra, 

Tabellaria. 

Cyanophyceae. 

ClathroeyaUj 

1,      .        .        « 

P' 


Alg»,      .      . 

Bolrycoccue, 
SeeoedeMnae, 

Pungl,  Crenothrix, 


8 

t 

20 

11 

81 

7 

68 

74 

487 

25 

1 

0 

1 

0 

1 

0 

1 

0 

400 

2 

0 

0 

1 

0 

10 

0 

2 

0 

0 

1 

0 

0 

0 

0 

0 

0 

6 

2 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

8 

7 

1 

3 

1 

0 

0 

2 

0 

0 

0 

r. 

0 

1 

0 

0 

1 

6 

0 

0 

7 

0 

0 

0 

0 

0 

0 

0 

72 

60 

8 

0 

0 

10 

10 

2 

6 

62 

0 

7 

7 

0 

0 

4 

0 

18 

0 

0 

0 

0 

2 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

8 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

6 

0 

6 

130 

4 

64 

8C 

14 

8? 

58 

t 

16 

28 

0 

0 
0 
4 
18 
0 
1 
3 
0 


0 
0 


n.J.:^^ 


flh,  I  ,. 
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LTNTJ-  AND  SAUQUS. 

Micrtaeopicai  Examination  of  Water  from  the  Saugus  Siver  at  Bowl 
Saugua—  Concluded. 

[Number  ot  orgvilnia  per  cable  cmUnwtflT.J 


1M4. 

K.b. 

uu. 

Apr. 

MV. 

Job*. 

J»l,. 

Am. 

8«pt. 

(kt 

ANIMALS. 
Infusoria 

Perldlalnin 

TncbdDiaaDU,  . 

0 

0 

t 

0 

%1 

ilHaUmraiu,  ZoOfLoiii.  . 

6 

* 

4 

0 

1 

m 

M 

IK 

TOTiL, 

30 

139 

3! 

7» 

» 

104 

m 

IM 

M& 

Chemical  Examination  of  Water  from  the  Saugus  Siver  at  the  Line  betwei 
and  Wakefield,  and  j'usl  above  the  Poini  where  it  is  joined  by  the 
Branch. 


[ 

i^rt 

p.r  mOOO.] 

■s 

1 

A„«««. 

'^'BF 

A-o™. 

1 

smooi 

f 

1 

i 

t 

i 

1 

1 

i 
1 

i 

1 

1 

K 

11«H 

IM4. 

V..11gbt. 

V..»gh.. 

l.» 

7.S0 

J.8S 

.««g 

0188.(044 

.0014 

.80 

.0O2U 

<M 

insi 

Feb.  7 

V.rtight. 

Slight. 

o.w 

16 

1 

„ 

.0013 

0143 

0124 

.0018 

.0120 

<M 

nsM 

Utr.  7 

V.  •light. 

Con., 

l.Hl 

IS 

1 

,M14 

0244 

0218 

.0026 

.55 

.0030 

000 

IJIM 

Apr.  4 

aiight. 
eiigbi. 

V.illgbl. 

Con... 
Sllgbt. 

0.4D 

80 

t 

8i 

z 

:: 

0112. OOM 
«.0,.0«8 
0280|.00.8 

.50 

.50 

Doa 

IMOT 

JplylO:'V..ll(l.t. 

Slight. 

l.» 

80 

s 

00 

.0018 

0283 

.79 

OOC 

u<m 

Aag,  Sjimigbl. 

Slight, 

l.W 

SO 

8 

00 

.0048 

0840 

0234!  ,0068 

.34 

.0030 

00c 

IMW 

8ept.ll 

Slight. 

Slight. 

a.M 

10 

00 

» 

40 

.„. 

0288 

0358 

.0090 

.60 

.00. 

OK 

131  u 

Oct.   9 

Sllgbl. 

Bllghl. 

» 

3 

ili 

.CI. 

0310 

0388 

.006^ 

.-0 

.0000 

OOC 

mtia 

Nov.  12 

V.  .light. 

Stigbt 

l.sn    » 

00 

4 

00 

■»»' 

03M 

(aja 

.0024 

.TS 

.0,™ 

DM 

lUU 

Dm.  10 

V.tllghl. 

V.  .light 

I. no  10 

« 

* 

85 

vm 

04W 

0412 

.0024 

.0030 

OOC 

^ 

^^ 

^ 

(in 

'__ 

mn 

n-m 

.0037 

(«.. 

(in 





_ 

- 

Odor.  geoBnlly  dlillnclly  vegeuble,  »m«tlme.  alw  mouldy  o 

i>  genemlly  .Ironger  mod  more  freiiueoUy  mooldy. The  nmpi 

Klrer,  ■(  .  rokd  croulng  u  ih«  upjwr  eod  of  BovlaU*.  Food,  Jn.l 
JolDBd  by  Ihe  WikcHald  brmnch. 
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LYNN  AND  8AUGU8. 

Chemical  Examination  of  Water  from  a  Faucet  in  Lynn, 

[Purtfl  per  100,000.] 


• 

3 

O 

AmABAHCK. 

Rksiduk  on 

EVAPOBA> 
TION. 

Ammomia. 

■ 

1 

© 

o 
.49 

NlTBOGKK  1 
^«          1 

1 

3 

• 

1 

'A 

• 

f 

1 
1 

1 

1 

H 

• 

§ 

• 

1 

U4 

Albuminoid. 

-•     1    1 

H     a      00°- 

• 

2 

j 
• 

• 
« 

XL 

c 

=  ! 

K        t 

0  \  s 

11024 

ISM. 

Jan.  10 

N'one. 

V.  slight. 

0.80 

4.66 

2.66 

.0094 

.0248 

.0228 

.0020 

.0060 

,9m 

1 

.7917  0.1 

11730 

Feb.   7 

Slight. 

Slight. 

0.80 

4.65 

2.36 

.0120 

.0290 

.0270 

.0020 

.47 

.0190 

.0002 

.«»•  o.i 

11804 

Mar.  7 

Blight. 

Slight. 

0.75 

4.35 

2.00 

.0026 

.0220 

.0184 

.0036 

.51 

.0100 

.0000 

1 

.6424  l.I 

12003 

Apr.  5 

None. 

Blight. 

0.83 

4.96 

1.85 

.0008 

.0188 

.0170 

.0018 

.62 

.0120 

.ooooi.eojs  1.0 

1 

12163 

May    7 

V.tlight. 

Slight. 

1.00 

6.70 

2.75 

.0000 

.0204 

.0190 

.0014 

.67 

.0120 

.0000  v^c  I.: 

12329 

June  6 

Slight. 

Slight. 

1.00 

5.10 

2.30 

.0006 

.0230 

.0194 

.0036 

.51 

.0070 

.0000 

.7359  1.4 

1 

12505 

July  10 

Slight. 

Blight. 

0.60 

4.30 

1.70 

.0004 

.0186 

.0172 

.0014 

.67 

.0000 

.0001 

.i5a>  1.5 

12091 

Aug.  8 

1  V.  slight. 

Slight. 

0.75 

4.85 

1.50 

.0004 

.0204 

.0182 

.0022 

.58 

.0050 

.0000  .5159  1.1 

12928 

Sept.ll 

Slight. 

SUght. 

0.55 

4.05 

2.00 

.0000 

.0216 

.0202 

.0014 

.53 

.0000 

.0000  1.4466  l.S 

1 

13110 

Oct.    9 

Slight. 

Cons. 

0.60 

3.85 

1.45 

.0002 

.0196 

.0172 

.0024 

.55 

.0000 

.0000  .4241  0.9 

13294 

Nov.  12 

V.  slight. 

V.  slight. 

0.70 

4.05 

1.35 

.0008 

.0240 

.0214 

.0026 

.64 

.0070 

.0001 

..3632  1.4 

18466 

Deo.  10 

1  y.  slight. 

V.  slight. 

0.73 
0.76 

4.75 

1.50 

.0000 
.0023 

.0168 
.0216 

.0152 
.0194 

.0016 
.0022 

.63 
.57 

.0070 
.0065 

.0000 

.5467  IS 

Av. 

1 

I 

4.00 

1.95 

.0001 

.6254  1.5 

1 

Odor,  generally  distinctly  vegetable,  sometimes  also  unpleasant;  on  heating,  the  odor  is  geoertliy 
somewhat  stronger. The  samples  were  collected  from  a  fancet  in  the  city. 
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LiYVrS  ANB  SAUGUS. 

BUeroscopical  Examination  of  Water  from  a  Faucet  in  Lynn, 

[Namber  of  orgAnlMna  per  cable  oentlmeter.] 


ISM. 


Jan. 


Feb. 


I 
Mar.  Apr.  I  MajJJuoe 


Jalj. 


Aiif.'8«pt!  Oct. 


Not. 


Deo. 


Day  of  exAiniiiaUony    . 
Number  of  aample. 


PLAITTS. 


Cyanopbyoeso, 

Clalhroeyatle, 
Meriamopedl*, 


Alg», 


Cloaterlom,  . 
Protoeoeeoa,  . 
Bpbasrozoemay 
SianraatniJii,  . 


Pungi.  CreDothrlz, 


ANIIiAIJS. 


InftLBoiia, 


DlDObTJOII, 

DfaiobryoD 
HallomoDae,  . 
Peridiolnm,    . 
Tzmebelomoiias, 


11 

11824 


8 


8 


11736.11864 


AaterloiDoUav  .18 

IfeloeIrA, 0 

Bynedra, ■      8 

Tabellarla, -I 


I 


0 
0 


to 

0 
10 

0 
10 


0 
0 
0 
0 
48 


0 

0 

4 


0 
0 


0 
0 
0 

1 


101 

82 

38 

0 

1 

12 


87 

64 

0 


1 
0 


0 
0 
0 

1 


m 

0 
220 
0 
4 
3 


8 


190O3 12163 

I 


183 

148 
6 
9 
0 


0 
0 


0 
8 
0 
U 


125 

0 
06 

1 
28 

0 


11 


10 


123291260512001 


13 
12928 


11 
13110 


18 
18294 


11 
13466 


44 

42 
0 
0 
2 


0 
0 


40 

0 

0 

40 

0 


142 

2 

0 

0 

140 


22 

0 


146 

0 

0 

0 

148 


0 
0 
0 
2 


0 
0 


0 
0 
0 
0 


1 

47 

11 

06 

0 
0 
0 

1 

0 

0 

2 

45 

0 
0 
0 

11 

87 

10 

2 

7 

10 

0 

0 

0 
10 

0 
0 

0 
0 

0 
0 

108 

16 

1 

1 

1 

102 

0 
0 

6 
5 
0 

4 

0 
0 
0 

1 

1 
0 
0 
0 

0 

0 

0 

0 

0 
0 
0 
0 
0 


0         0 

0  .  200 

1  0 


0 

1 


3 

0 


0 
0 
0 
0 
0 


21 

0 
16 
0 
1 
4 


0 
2 
0 
0 
1 


0 
0 
5 
2 
1 


16 

11 
0 
1 
4 


0 
0 


0 
0 
0 
0 


0 
0 
8 
0 
0 


HUuQanmtu,  ZodglcMi, 


Total, 


•      • 


26 


14 


76  I  64 


06  .  137 


324 


800 


108 


168 


355 


280  I  147 


116 


139 


65 


19 
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LYKN  AKD  SAU6US. 

Table  shotving  Depth  of  Water  in  Feet  in  the  Ponds  and  Storage  Beservoirs  of 
the  Lynn  Water  Works  on  the  Bates  when  Samples  of  Water  were  coUeeted 
for  Analysis  during  the  Year  1894. 


Breed'!  Pond. 

Hiflh  Water, 
2T.aO  Feet. 


Birch  Pond. 

HlKh'water, 
•21.60  Feet. 


Walden  Pond. 

High  Water, 
17.00  Feet. 


Olen  Leivis  Pood 

HiKh  Water, 
17.00  Feeu 


Jan.  8, 

Feb.  7, 

March  7, 

April  4, 

May  7. 

Jane  6, 

July  10, 

Aag.  8, 

Sept.  11, 

Oct.  9, 

Nov.  12, 

Dec.  10, 


11. 0 
13.7 
16.7 
18.0 
».7 
21.0 
17.7 
10.3 
10.0 
14.2 
12.4 
11.1 


7.4 

0.3 

18.8 

19.7 

22.4 

22.8 

21.9 

17.5 

11.2 

7.7 

8.9 

11.4 


16.8 

15.0 

13.8 

14.5 

15.8 

13.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


10.3 

9.6 

7.4 

10.6 

13.4 

15.2 

15.4 

15.3 

15.0 

15.1 

14.7 

14.8 


*  The  water  in  this  pond  U  aomelimea  raiaed  aomewhat  above  ordinary  high  water  in  the  latter 
part  of  the  epring,  in  order  to  inoreaae  the  atorage. 

Water  Supply  of  Malden,  Medford  and  Melrose. 

Spot  Pond,  the  main  source  of  supply  of  these  municipalities,  has 
not  been  filled  since  April,  1891 ;  but,  owing  to  the  more  extended 
use  of  supplementary  sources  by  the  three  municipalities,  the  amount 
of  water  drawn  from  the  pond  in  1894  was  considerably  less  than  in 
1893.  As  a  consequence  of  this  diminished  draft  the  surface  of  the 
pond  stood  6^  inches  higher  at  the  end  of  1894  than  at  the  begin- 
ning, notwithstanding  the  much  smaller  amount  of  rainfall  collected 
than  in  the  previous  year.  The  total  quantity  of  water  taken  from 
the  pond  during  the  year  represented  only  about  40  per  cent,  of  the 
total  consumption  of  water  by  these  places. 

In  the  latter  part  of  November  complaint  was  made  of  the  dis- 
agreeable taste  and  odor  of  the  water  of  Spot  Pond,  and  an  exami- 
nation showed  the  presence  of  large  numbers  of  the  oi^nism 
Uroglena,  A  description  of  this  organism  and  its  eflect  upon  the 
taste  and  odor  of  water  may  be  found  in  the  annual  report  of  the 
State  Board  of  Health  for  1891,  pages  645-658. 

Analyses  of  water  from  the  supplementary  sources  of  supply  will 
be  found  under  the  names  of  the  municipalities  supplied. 
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MALDEN,  MEDFOBD  AND  MELiBOSE. 

Chemical  Examination  of  Water  from  Spot  Pond^  Stoneham. 

[Parti  per  100,000.] 


m 

tm 

s 


0 
O 


w 
o 

1 


ArPBABAllCS. 


IUmidub  on 
Eyafoba- 

TIOK. 


S 
i 

OD 


11607 
1I71« 
11948 


18M. 

Jaa.  8 


V.allcht. 
V.Blisht. 
BUght. 


Feb.  5 

Mar.  5 
lUM  Apr.  4!  SUgbt. 
I2U5,Ba7   3    Blight. 


1S34  Jane  5 
12iIS'jaIy  9 


Aag.  6 
Sept.  4 
Oct.   2 


DIfltlBci. 
BUght. 


Dislinet, 

green. 

Dlatloet. 


UB72 

I28M 

13L»75 

13281 

133©  NoT.21 

13388  NOT.26'8Ugfat 

ISST  Nov.  28    Blight. 


Decided, 

i     milky. 

Not.  5    Dlatlnct. 

greoD. 
I>iatinet, 

green. 


1M36  Deo.  4 


At.». 


Distinct. 


Cona. 

BUght. 

Cona. 

Cona. 

Cona. 

BUght. 

Blight, 

green. 
Slight, 

green  < 
BUght. 


^  '     1 


0.08|    7.lS 

I, 
0.25'  9.50 

,0.40  '  6.50 

0.32    6.15 

O.SO    6.16 

0.30  !  5.10 

I 
0.18  I  3.50 

0.20    6.25 

0.2S    5.96 


0.23  '  5.00 


Heavy,     |0.18    5.85 

brown. 
Cons.,       0.12    5.70 

green.         '' 
Cona., 

green. 
Cona., 

green. 

ConSn 

green. 
Cona., 

green. 


0.22 


5.85 


0.20    6.40 
0.08    5.75 


.^.23    5.90 


a 


J 


1.56 
1.85 
1.90 
1.80 
1.95 
1.70 
1.00 
1.60 
1.95 
1.85 
1.65 
1.55 
1.80 
1.90 
1.40 

1.68 


AMMOaiA. 


i 


Albuminoid. 


'  NiTBOOIH 
.1     AS 


i^ 


i 


t 

e 
« 

fi. 


.0070 
.0058 
.0042 
.0004 
.0010 
.0040 
.0014 
.0000 
.0010 


.0122 
.0160 
.0164 
.0170 
.0214 
.0212 
.0186 
.0198 


.0110 
.0142 
.0144 
.0136 
.0190 
.0132 
.0150 
.0180 


.0178.0162 


.0012 
.0018 
.0020 


i 


i 

6 


I 

S 


.52 
.54 
.56 


.00841, .54 


.0024 

! 

.0080 
.0086 
.0018 
.0016 


ll 


.0072  .0406*. 0192 


.0012 


.0208 


.0152 
.0188 
.0158 
.0018:. 0246  .0182 


.0014  .0230 
.0026.0214 


.0008 


.0282 


.0029  .0210 


.0214 


.0160 


.60 
.54 
.58 
.59 
.59 


.0110 
.0070 
.0000 
.0130 
.0090 
.0000 


.0001 
.0002 

.0001 
.0001 
.0000 
.0000 


.0000.0001 
.0000.0000 
.0020.0000 


.0214  .64  .0000 
.0056  .61  '.0000 


1 

B 

0 


i 
I 

m 

m 


.1838 
.S4M 
.4240 
.8488 


2.9 
2.6 
2.5 
2.8 


.4840  2.2 


.0000 
.0000 


.0042!. 68 
.0066 


.0064 
.0068 

.0050 


.57  I 


.0000.0000 
.0050.0000 


.0000 
.0080 


.57  .0089 


.0000 
.0000 


.0001 


.4119 
.8727 
.3284 
.8388 

.8060 
.3888 
.8182 
.8870 
.8526 
.3758 

.3616 


2.2 
2.2 
2.2 
2.2 
2.2 
2.8 
2.5 
2.5 
2.3 
2.5 

2.4 


Averages  by  Years. 


-     1    18S7t 

-         1          -        !o.26' 

4.33 

1.24 

.0004|.0907 

- 

-      .46 

.0025 

- 

- 

- 

- 

1188 

0.22 

3.98 

1.24 

.0007.0225 

1 

- 

-      .44 

1 

>.0054 

.0001 

1 

- 

- 

1889 

0.26' 

8.54 

1.17 

.0017,  .0236 

.0198 

.0088  .44 

'.0053 

1 

.0002 

- 

- 

1890    1 

1 
«          -        10.24 

3.96 

1.24 

.0019  .0220 

.0180 

.0040 

1 

.42 

.0009 

1 

.0001 

- 

1.7 

- 

1801 

1          -        0.21, 

1                            r 

3.70 

1.27 

.0008.0183.0161 

1 

.0022 

.43 

.0082 

.0001 

- 

1.4 

- 

1893 

0.17 

1 

4.28 

1.30 

.0085  .0198  .0157 

.0041 

.50 

.0081 

.0001 

- 

1.7 

- 

1893              -                   -        0.29 

5.70 

1.71 

.0085  .0197  .0162 

1          1 

.0035 

.49 

.0105 

.0003 

.8486'  2.4 

1894              -                   -         0.23 

1 

5.90 

1.68 

.0029  .0210  .0160 

.0050  .57 

.0039.0001 

1 

.3616   2.4 

1 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysia  for  that  month  has  been 
aged  in  making  the  average. 
t  May  to  December. 

Non  to analyaee  of  1894:  Odor,  generally  vegetable  or  none;  In  Jnly,  faintly  disagreeable;  and  in 

I>«eember«  dlsUnelly  oily.    On  healing,  the  odor  ia  generally  atronger. The  aamplee  were  collected 

either  fmm  a  faneet  in  the  pamplag  atatlon  of  the  Maiden  water  worlts  or  from  the  pond  near  by. 
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MAIiDBN,  MEDFOBB  AND  MELROSE, 

Microscopical  Examination  of  Water  from  Spot  Pond^  Stoneham. 

[Nnmber  of  organisms  per  cublo  eentimeter.] 


' 

ISM. 

1 
1 

Jan. 

Feb. 

Mar. 

Apr. 
6 

May. 
5 

Jane. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Kov. 

Not. 

Nor 

Day  of  ezamination, 

6 

7 

7 

12 

12 

7 

8 

5 

7 

22 

as 

SS 

5 

Number  of  sample, , 

11807 

11716 

11848 

llOM 

13156  12384 

12618 12672 12898 

19075 

13261 

18306 

13386 

13381 

rius 

PLANTS. 

• 

DiatoznaceaB,   . 

0 

s 

8 

48 

126 

64 

27 

6 

81 

100 

82 

105 

0 

0        1 

Asterlonella,     . 
Cyolotella, 
Meloslra,  . 
Meridlon,  . 
Navicula,  . 
Bynedra,    . 
Tabellaria, 

0 
0 
0 
0 
0 
0 
0 

0 

1 
1 

0 
0 
0 

1 

0 

1 

6 
0 
0 

1 
0 

4 
2 
7 
0 
0 
4 
26 

28 
10 
0 
0 
0 
8 
76 

0 
52 
0 
8 
1 
0 
3 

0 
6 
18 
0 
1 
2 
0 

4 

0 
0 
0 
0 

1 

0 

12 
0 

17 
0 
0 
0 
2 

0 

8 

44 

0 
14 

18 
16 

8 
36 
87 
0 
1 
0 
0 

24 
66 
25 
0 
0 
O 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
6 
<l 
0 
0 
0 
9 

Cyanophyceed, 

0 

0 

0 

0 

38 

0 

12 

10 

0 

10 

0 

0 

0 

0       ff 

Anabflsna, . 
Microcystis, 

0 
0 

0 
0 

0 
0 

0 
0 

38 
0 

0 
0 

12 
0 

0 
10 

0 
0 

10 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Al£reB>    • 

0 

0 

0 

8 

10 

86 

80 

123 

1 

8 

5 

0 

0 

0 

% 

Chlorococcus,  . 
Protocooeus,     . 
Kaphldlum, 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
8 
0 

0 

10 

0 

8 

28 

0 

0 
82 

8 

4 

111 

8 

1 
0 
0 

2 
0 

4 

0 
6 
0 

0 
0 

0 

0 
0 

0 

0 
0 
0 

0 
0 

FunfiTif  Crenothrlx, 

0 

0 

0 

1 

7 

0 

8 

0 

0 

■ 

8 

1 

0 

0 

0 

« 

ANIMALS. 

Bhizopoda, 

Actinophrys,     . 

0 

e 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

. 

InftiBorla,  . 

pr. 

2 

B 

83 

46 

5 

18 

82 

8 

28 

181 

87 

15 

21 

49 

Dlnobryon, 
Dlnobryon  oases, 
Peridinium, 
Trachelomonas, 
Uroglena,  . 
Vortioella, 

0 
0 

0 
0 

0 

1 
1 

0 

0 
2 

4 
0 
0 
0 

15 
64 

4 
0 
0 
0 

2 
40 

1 
0 
0 
2 

0 
0 
4 
1 
0 
0 

0 

1 

15 
0 
0 
0 

0 
26 
6 
0 
0 
0 

0 
0 
2 
1 
0 
0 

0 
24 

0 
4 
0 
0 

8 

176 

2 

0 

10 

0 

14 

52 

1 

0 

20 

0 

0 
0 
0 
0 
15 
0 

0 
0 
0 
0 
21 
0 

0 
6 
0 
0 
40 
0 

Vermes,  Anurea, 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

MUceUaneout, 
Zoogltsa,   . 

e 

16 

0 

8 

0 

48 

52 

0 

180 

0 
150 

0 

0 
192 

0 

0 

9 

TOTATi, 

•2 

23 

15 

141 

227 

153 

204 

170 

195 

279 

15 

21 

4« 

Table  shomng  Heights  of  Waier  in  Spot  Pond  on  the  Dales  when  Samples  of 

Water  were  collected  for  Analysis  in  1894. 


Distance 

Distance 

Datk. 

Below  High- 

Datk. 

Below  Hi^- 

water  Mark. 

waterHazt. 

Feet. 

Feet 

Jan.     3,        ...... 

7.62 

July  9 

4.00 

Feb.     7 

7.78 

Aug.  6, 

5.0S 

March  5, 

6.15 

Sept.  4 

6.42 

April   4, 

3.79 

Oct.    2, 

7.54 

May     3 

2.88 

Nov.  5 

T.ST 

June    5, 

2.82 

Dee.  4, 

8.00 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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MALDEN. 


Water  Supply  or  Malden. 


DariDg  1894  the  works  for  obtaining  ground  water  at  Maplewood 
were  enlai^ed  by  putting  in  26  additional  wells.  The  new  wells 
are  each  2^  inches  in  diameter  and  average  41  feet  in  depth.  They 
are  located  24  feet  apart,  in  a  line  100  feet  from  the  westerly  edge 
of  the  driveway  between  Eastern  Avenue  and  the  drinking  fountain 
at  the  pumping  station. 


Chemical  Examination  of   Water  from  Tubular  Wells  at  Maplewood  (Webster 

Park),  Maiden. 

[Parte  per  100,000.] 


1 

APrSAXAKCB. 

Bealdae  on 

Evaporation. 

AMVOVIA. 

Chlorine. 

KiTBoasH 

At 

aQ 

1 

• 

a 

3 

7i 

s 

e 
o 

J 
1 

• 

1 

Alba- 
mlnold. 

1 

as 

fl 

d 

i    19M 

• 

119$    Jan. 

S 

None. 

None. 

0.00 

28.60! 

.0000 

.OOOC 

2.59 

.3800 

.0001 

.0000 

11.6 

.0000 

ini:  '  Feb. 

5 

None. 

v.  alight. 

0.00 

24.50 

.0000 

.0012 

2.70 

.2000  !.0000  1 

.0096 

13.4 

.0000 

1IU9    Mar. 

5 

1  None. 

SUghi, 
earthy. 

0.00 

27.80 

1 

.0000 

.0008 

2.60 

•  .3160 

1 

.0000 

.0480 

18.0 

.0460 

urn    April 

12156  ifkr 

4 

None. 

None. 

0.00 

29.40 

.0000 

.0012 

2.77 

•.4360 

.0000 

.0088 

11.0 

.0030 

3 

None. 

None. 

0.00 

20.30 

.0000 

.0002 

3.00 

'.4100  I.OQOO 

.0440 

11.5 

.0000 

l^3Sb    Jane 

S 

None. 

None. 

0.00 

1 80.101 

.0002 

.0020 

2.80 

.8400    .0000 

.0306 

14.3 

.0000 

law    July 

9 

None. 

None. 

0.00 

1  30.00' 

.0000 

.0020 

2.73 

.4000 

.0000 

.0254 

18.5 

.0060 

13S73     Ang. 

6  , 

None. 

None. 

0.00 

30.M 

.0000 

.0010 

,  2.64 

.2500 

.0002 

.0000 

14.7 

.0000 

IS99    fiem. 

4 

None. 

None. 

0.00 

'32.00 

.0000 

.0010 

2.58 

.5000 

.0001 

.0077 

13.8 

.0100 

13076     Oct. 

2 

None. 

None. 

0.01 

27.80 

.0000 

.0016 

2.82 

.5250 

.0000 

.0387 

13.6 

.0060 

13282  '  Not. 

5 

None. 

None. 

0.02 

25.80 

.0002 

.0016 

'  2.80 

.5500 

.0000 

.0061 

18.5 

.0020 

At. 

Dec. 

4 

None. 

None. 

0.00 

; 28.40 

.0000 

.0014 

2.79 
2.74 

,.4400 

.8046 

1 

.0001 

.0077 

15.3 
18.3 

.0010 

1 

1 

0.00 

1  28.28, 

1 

.0000 

.0013 

.0000 

.0173 

.0068 

1 

■ 

Averages  by  Tears, 


1887* 

0.0 

17.03 

.0000    .0008 

2.90 

.4050 

. 

. 

^ 

1888 

« 

. 

0.0 

17.45 

.0000    .0003 

2.80 

.5061 

. 

. 

- 

1889t 

. 

• 

0.0 

16.95 

.0001  '.0031 

1.76 

.5600 

.0001 

• 

7.8 

1890 

• 

• 

0.0 

18.19 

.0002 

.0014 

2.80 

.4904 

.0001 

. 

8.0 

1891 

. 

— 

0.0 

20.83 

.0001 

.0007 

2.23 

.5146 

.0001 

1    . 

0.6 

1898      ' 

. 

. 

0.0 

23.00 

.0000 

.0005 

2.36 

.5129 

.0000 

11.4 

18B8      i 

. 

. 

0.0 

23.72 

i.OOOl 

.0011 

2.48 

.4828 

.0000 

1.0186 

11.1 

1894 

1 

— 

- 

0.0 

28.23 

.0000 

.0012 

2.74 

.8046 

.0000 

1.0173 

1 

13.2 

.0083 

.0068 


*  Three  eamples  in  November  and  December. 


t  Jane  and  October. 


Nor  to  analyaea  of  18M :  Odor,  none ;  on  heating,  a  diatlnct  odor  waa  developed  in  the  Auguai 
nmple The  aemplea  were  collected  from  a  faocet  at  the  pumping  atation. 


Microscopical  Examination. 

lDil({nifleaat  numbers  of  organltina  were  found  in  alz  of  theae  atmplea,  and  Qooe  In  the  oibera* 


224 


STATE  BOARD   OF  HEALTH.  [Pub.  Doc. 


MALDJSN. 

Chemical  Examiriation  of  Water  froni  Tubular  Test   Wells  in  the   Vicinity  or 

Maplewoodt  Maiden, 

[Part!  per  100,000.] 


• 

a 

Appkaranck. 

■ 

a 
o 

Ammomia. 

NITROGEM 

-i 

Q 
1994. 

S 

1 

AS 

B 

i 

1 

• 

1 

H 

«i 

1 

Residue  on 
Evapon 

1 

Albn- 
mlnold. 

• 

« 

1 

0 

• 

1 

f 

1 

s 

% 

s 

gl 
s; 

M 
0 

s 

c 

1 
1 

13404 

Nov.  27  1 

DistlDct, 
clayey. 

None. 

0.05 

, 10.90  ^ 

.0090 

.0018 

1.17 

.1500 

.0000 

.0984 

4.7 

1 

.0190 

13467 

Dec.     6 

1 

Slight. 

Cons., 
brown. 

0.00 

0.40 

.0020 

.0010 

1.20 

.1700 

.0016 

.0806 

3.0 

1 

.scoo 

Odor  of  the  first  sample,  oooe,  of  the  second,  faintly  vegetable,  becoming  disagreeable  on  beaiiog. 

The  first  sample  was  collected  from  a  test  well  at  the  comer  of  Colambia  and  Garden  streeta.  and 

the  last  from  a  test  well  near  the  comer  of  Salem  Street  and  Broadway.    The  samples  were  collected 
during  an  investigation  for  an  additional  water  supply  for  Maiden. 


No  organisms. 


Microscopical  Examination, 


Chemical  Examination  of  Water  from  Tubular  Test  Wells  South-west  of  Martins 

Pond,  North  Reading. 

[Parts  per  100,000.] 


Q 

s 


13077 
13331 
13332 


1994. 

Oct.      3 


Nov.  16 
Nov.  17 


APrKARAKOB. 

s 

. 

1 

dlment 

i 

sidue  0 
Evnpo 

a 

<% 

0 

« 

H 

0 

8.66 

Dee'd. 

Slight. 

i 
0.22 

milky. 

Distinct, 

V.  slight. 

0.20 

4.90 

clayey. 

None. 

Cons., 
sandy. 

0.05 

3.30 

1 
1 

AimONIA. 


S 


■3 
.S 

5fl 


.0032 
.0002 
.0000 


.0050 
.0012 
.0006 


0) 

e 


.32 
.28 
.24 


NiTROOKN 

AS 


b 
S 


■c 


.0000 
.0000 
.0000 


.0000 


.0000 


.0000 


a 


o 


.1817 


.0008 


.0280 


S.4      0550 


1.1     .0300 


0.8 


.0120 


Odor  of  the  first  sample,  faintly  musty ;  of  the  others,  none. The  first  sample  was  collected  froco 

a  well  numbered  10,  about  130  feet  south  of  Martin's  Brook  and  700  feet  from  the  pood ;  the  aecood 
from  a  well  numbered  17  and  the  third  from  a  well  numbered  18,  which  were  respectively  500  and  9W 
feet  from  the  pond  and  700  and  1,000  feet  from  the  brook.  The  samples  were  collected  during  an  inve«> 
tigation  for  an  additional  water  supply  for  BCalden. 


Microscopical  Examination* 

No.  13077.    AlgiB,  Protococai9t  4.    Miscellaneous,  ZoSgUaa,  92.    Total,  96. 
Nos.  13331  and  13332.    No  organisms. 


No.  34.]      KXAMINATION  OF  WATER  SUPPLIES. 
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MANCITBSTEB. 


Water  Supply  of  Manchester. 

Chemicai  Examinaiion  of  Water  from  the  Well  of  the  Manchester  Water  Works. 

[ParU  per  100,000.] 


i 

s 

ArPKAKAXOB 

• 

1 

1 

il 

1  su 

AMMOnA. 

i 
S 

s 

NiTBOOBll 
At 

i 

0 

1^ 

i 
1 

i 

n 

a 

a 
a; 

• 

3 

0 

a 
• 

• 

1 

t 

• 

s 

I 

• 

1 
1 

• 

18»4. 

• 

11065 

Jan.    22 

None. 

.V.  Blight. 

0.00 

0.90 

1 

.0000 

.0000 

1.82 

.0800 

1 

.0000 

.0066 

3.6 

.0000 

X2222 

May    15 

None. 

V.  •light. 

0.00 

10.80 

.0000 

.0000 

1.03 

.0850    .0000 

.0080 

3.5    .0070 

13618 

Jnly  28 

'  None. 

Mody. 
V.  alight. 

0.00 

9.A0 

.0000 

.0006 

1.76  1 

.0500 

.0000 

.0169 

3.2    .0040 

13S51 

Dee.  28 

None. 

1 

V.  alight. 

0.01 

0.10 

.0000 

.0016 

1.77  ! 

1 

'.0660 

1 

.0700 

.0000 

.0000 

.0000 

3.4  -.0000 

At. 

0.00 

9.82 

.0000 

.0006 

1 

1.82  1 

1 

.0066 

3.4  '.0010 

1 

Odor,  none. The  oemplea  were  collected  from  the  well. 

Microscopical  Examinaiion. 

No*.  11685  and  18561.     17o  organlema. 

Ko.  1232S.    I>latomace«,  Syntdra^  1 ;  TahtUaria,  8.    Total,  4. 

No.  12818.    DIatomacea,  Tc^€llaria,\, 

Water  Supply  op  Marblehead. 

Chemical  Examinaiion  of  Water  from  the  Large  Collecting  Well  of  the  Marblehead 

Water  Works,   . 

[P»rU  per  100,000.] 


S 
P 

AprSABAMCB. 

1 

Realdue  on 
Evaporation. 

Ammonia. 

• 

i 

MITBOOKN 

Aa 

.       1 

• 

1 

a 

• 

1 

a 

• 

s 

1 
1 

X 

1 
1 

e 

fa 

1! 
iV 

5 

s 

1 

S 

9i 

1 

1 

18M 

1 

1 

11584    Jan. 

1 

2 

DUtloct, 

milky. 

None. 

0.04 

15.60 

.0184 

.0002 

3.00 

.1100 

.0008 

.0890 

8.0 

.0120 

11801    Feb. 

22 

None. 

None. 

0.00 

12.50 

.0000 

.0086 

2.07 

.0900 

.0001 

.0280 

6.0 

.0060 

13032  :  Apr. 

11 

None. 

None. 

0.00 

7.60 

.0006 

1 

.0010 

1.96 

.0980 

.0008 

.0197 

5.3 

.0000 

12441    Jooe 

27 

Slight,       Slight, 
milky.        maty. 

0.05 

14.60 

.0054 

.0016 

1.78 

.2650    .0000 

1 

.0346 

1 

6.3 

.1060 

12&&2  t  July 

16 

rHaUnct.    Blight, 

0.20  i 

15.00 

.0068 

.0008 

1.61 

.0350    .0000 

.0285 

5.4    .1100 

raaty. 

1 

12804    Aug. 

22 

IMatlnet.  ,  Cona., 

0.06 

14.00 

.0118 

.0012 

1.70 

1.0100    .0001 

.0077 

5.5 

.0900 

maty. 

13123    Oct. 

11 

Dietinet, 
mUky. 

y.  alight. 

0.00  ' 

■ 

13.10 

.0056 

.0032 

1.76 

.0300    .0000 

.0190 

6.3 

.0480 

13553   Dee. 

28: 

Blight. 

Blight, 

0.02 

15.40 

.0082 

.0024 

3.24 

.0300    .0002 

.0346 

8.0 

.1100 

At. 

i 

maty. 

13.46 

.0018 

2.13 

1 
1.0264 

6.4 

0.02  1 

1 

.0071 

.0829 

.0001 

.0603 

1 

■■••| 

Odor,  none. The  aampleawere  collected  either  directly  from  the  well  or  from  a  faucet  at  the 

PDmping  station  while  pnmplng  from  the  well.  A  amall  amoant  of  water  from  the  amall  oollectlDg  well 
'No.2)waa  flowing  Into  the  large  eoUectlng  well  at  the  time  of  collecting  Noa.  11584, 12441,  12552  and 
12804  and  fiom  the  tabnlar  wella  nnmberod  48  to  47  at  the  time  of  eolIectlDg  No.  18553. 
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Microscopical  Examination  of  Water  from  the  Large  Collecting   WeU   of  the 

Marblehead  Water  Works, 

[Nomb«r  of  orgaDlsnui  per  cubic  centimeter.] 


1894. 

Jan. 

Feb. 

April. 

Joly. 

Jnly. 

Aag. 

Oct. 

v^ 

Bay  of  examination, 

Number  of  Munple,  .... 

4 
11684 

84 

11801 

18 

12032 

2 
12441 

17 
12662 

24 
12804 

15 
18123 

21 

PLANTS. 
Funffli  Orenothrlz, 

0 

0 

0 

0 

1,280 

100 

0 

t 

AtUcellaneout,  ZoSgloea, . 

0 

0 

0 

64 

0 

0 

0 

B 

Total, 

0 

0 

0 

64 

1,280 

100 

0 

* 

Chemical  Examination  of  Water  from  the  Small  Collecting  WeU,  MarbleheaeL 

[Parte  per  100,000.] 


• 

Aptbakavox. 

• 

a  s 

O  X 

a  ► 

Amkonxa. 

NITBOOKV 
AS 

• 

1 

Date  of 

CoUm 

1 

• 

i 

• 

1 

1 

■  - 

Albu- 
minoid. 

• 

1 

1 

«■ 

55 

M 

o 

e 
»    1 

1894. 

1 

1 

11802 

Feb.  22 

Distinct, 
milky. 

Cone., 
yellow. 

_« 

12.60 

.0118 

.0080 

1.36 

.0100 

.0000 

.0060 

5.9    .2900 

12083 

Apr.  11 

Slight, 

milky. 
Decided. 

Cone., 
flbroue. 

0.66 

12.60 

.0182 

.0042 

1.48 

.0000 

.0000 

.0886 

5.3 

.»00 

12808 

Aug.  22 

Slight, 

0.10 

13.60 

.0180 

.0026 

1.40  , 

.0000 

.0000 

.0164 

4.7 

.3000 

rusty. 

- 

1 

.0000 

Av. 

12.87 

.0143 

.0033 

1.89 

.0038 

.0066 

5.3  I-59SS 

Too  turbid  with  iron  to  determine. 


Odor  of  No.  11802,  somewhat  unpleasant;  of  the  other  samples,  none.- 
lected  from  the  well,  which  is  known  as  Well  No.  2. 


The  samples  were  eoi 


Microscopical  Examination. 


No.  11802.  Fungi,  Orenothrix,  160. 
No.  12033.  Fungi,  Orenothrlx,  920. 
No.  12803.    Fungi,  CfnnotArix,  240. 
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ChemuxU  ExamincUion  of  WaUrfrom  Tubular  WeUs  in  the  Valley  of  Forest  Biver, 

Baievn, 

[Parte  per  100,000.] 


1 

1 

• 

1 
1 

5 

Appbaxahck. 

l! 

o  g 

AXXOMIA. 

1 
Ghlorlno. 

NiTROOKN 

AB 

• 

1 

5 

a 

a, 

Z 

a 

s 
>5 

1 

o 

§ 

• 

• 

1 
il 

< 

• 

1 

1 

2 

• 

1 

13440 

.  Jmie    ST 

DUtloci, 

IDllkT. 

Com., 
ni«ty. 

0.08 

18.90' 

.0080 

.0016 

8.98  \ 

.0866    .0001  , 

1 

.0488 

1 

6.8    .8000 

12963 

July     le 

Blight. 

CODB., 

0.16 

87.60 

.0004 

.0012 

6.60 

.0180 

.0001 

.0800 

8.6    .0700 

rusty. 

Odor.  noo*. 


The  aamplM  were  eolleeted  while  pmnping  from  the  wells. 


No. 
No. 


Microscopical  Examination. 

FuBglt  Orenothrix,  282.    Infuiorlft,  Jfonat,  2.    Miaeellaneoos,  ZoSgUxa,  134.    Total,  868. 
Fnngl,  Orenothrix,  1,200. 


{Jhemical  Examination  of  Water  from  Ware^s  Pond,  Marblehead. 

[Peru  per  100,000.] 


8 


I 


I    2 


Appkabavob. 


CUl 


I  1 


16 


2 


9 


5 


DleHneL 


Slight.      0.13 


Rbsiduk  om 
Etapoba- 

TlOlf. 


I 


4 


I 


9.85 


8.86 


AmioMiA. 


! 

t4 


Albuminoid. 


I 


I 
■1 


2 


I 

I  c 


.0468 


.0480 


.0038 


6 


l.M 


NlTBOOn 
AS 


^ 


.O00W.0006 


i 

I 

a 

5 


.7079 


n 


3.1 


Odor,  docAdedly  mouldy  and  onpleaeaot. The  sample  was  eolleeted  dorlng  an  ioreetigatlon  with 

r«feT«oce  to  the  qoaUty  of  the  Ice  cot  from  this  pood. 


Microscopical  Examination, 

Dlaiomaeees,  Diatoma,  2;  MeloHra,  5;  Navicular  1;  Synedrat  82.    AIg»,  (Ma9trum,  1;  DMyo- 
icm,  4 ;  /Vo<oeoceK«,  40;  Seletuubmm,  4.  Infasorla,  Dinobryont  288 ;  Dinobrfon  casett  04 ;  Trachelo 
S.    YarmeB,  ^lutrea,  1;  Monoeerca,  1;  J\>ljfartAra,  6;  A>la<oHan  oea,  2.    Total,  897. 


Water  Supply  of  Marlborough. 

Daring  the  spring  of  1894,  from  February  to  May  inclusive,  a 
little  over  44,000,000  gallons  of  water  were  pumped  from  Millham 
Brook  for  the  supply  of  the  city.  Of  this  amount  18,000,000  gal- 
lons were  pumped  directly  into  the  distributing  reservoir  and  the 
remainder  into  Lake  Williams.  The  quantity  drawn  from  the  brook 
anaounted  to  nearly  a  quarter  of  the  total  quantity  consumed  by  the 
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city  daring  the  year.  A  dam  is  now  being  constructed  on  thi^* 
brook  below  the  pumping  station  and  below  the  junction  with  a 
northerly  branch,  to  form  a  large  storage  reservoir  from  which  water 
can  be  drawn  by  the  present  pumps. 

A  separate  pipe  system,  for  fire  protection  only,  covering  about  3 
miles,  was  constructed  in  1894.  Connected  with  this  system  is  a 
covered  iron  tank  30  feet  in  diameter  and  35  feet  in  height,  elevated 
on  a  trestle  75  feet  in  height. 

Chemical  Examination  of  Water  from  Lake  Williams^  Marlborough, 

[Parts  per  100,000.] 


a 


11020 
12402 
12004 
18619 


e 
o 

« 


Av. 


ISM. 

Mar.  10 

Jane  0 
Sept.  10 
Dec.  19 


Appbaiarob. 


1 

9 
H 


a 

a 


o 

O 


V.sUghi. 

V.  slight. 

I 

'  Nooe. 


V.  slight. 
V.  slight 
None. 


V.  slight.,  V.  slight. 


0.06 
0.12 

0.16' 

I 
0.04 


Hbsidck  on 

EVAPORA- 

TIOW. 

ToUl. 

Loss  on 
Ignition. 

4.00 

1.00 

4.00 

1.16 

4.86 

1.26 

4.46 

1.46 

4.20 

1.21 

Ammovia. 

1 

1 

1  1 

MlTaOGKll           s 
AS                      S 

3 

1 

Albumim 

■    ■-        « 
c 
c 

1 

• 

► 

1^ 

• 

1. 

1 
.0028' 
.0008 
.0016 
.0022 

i 

B 

■c  ' 

o 

i 

1 

.41 
.46 
.46 
.48 

1 

mi 

.     S 

1      5     ^ 

.0002 
.0002 
.0000 
.0000 

.0142 
.0128 
.0166 
.0180 

.0114 
.0120 
.0160 
.0168 

;.0090 
.0000 
.0000 
.0030 

.0000  .SS70   1.4 
.0000  .2341  1.: 

.oooo;.i4cs  1.: 

.0000  .2910   1.9 

1 

.0001 

.0164 

.0136 

.0019 

1 

.46 

.0080 

.0000  .SS46  1.7 

h 

Averages  by  Years, 


• 

1887* 

. 

- 

0.08 

4.10 

0.66 

.0010 

.0178     - 

- 

.46 

.0017 

• 

- 

- 

1888 

- 

- 

0.06 

8.99 

0.91 

.0006 

.0206 

- 

- 

.44 

.0064 

.0001 

- 

- 

• 

1880 

- 

- 

0.04 

1 

3.92 

1.03 

.0007 

.0220 

.0182 

.0038 

.46 

.0004 

.0001 

f 

- 

- 

- 

1800 

- 

- 

0.03 

1 

4.41 

1.13 

.0007 

.0200  .0166 

.0041 

.46 

.0078 

.000& 

- 

S.5 

- 

1801 

- 

- 

0.05 

4.12 

1.20 

.0009 

.0197  .0102 

.0036 

.46 

.0072 

.0001 

- 

l.< 

- 

1802t 

- 

- 

0.08 

4.30 

1.48 

.0008 

.0244  .0174 

.0070 

.46 

.0116 

.ooos 

- 

l.T 

- 

1803 

- 

- 

0.05 

3.96 

0.88 

.0014 

.0160.0136 

.0033 

.40 

.0088 

.0000 

1 

.2012 

I.: 

- 

1894 

- 

- 

0.09 

4.20 

1.21 

.0001 

.0164  .0136 

i 

.0019 

1 

.46 

.0030 

.0000, 

1 

.3346 

1.7 

*  June  to  December. 


t  March  and  April. 


NOTK  to  analyses  of  1894 :  Odor  of  the  first  sample,  very  faintly  vegetable,  becoming  stronger  ss-i 
unpleasant  on  heating;  of  the  second,  disagreeable,  becoming  vegetable  on  heating;  of  the  third,  now. 

becoming  mouldy  on  heating;  and  of  the  last,  none,  becoming  oily  on  heating. The  saoaplcit  wcmt 

collected  from  a  faucet  at  the  pumping  station. 


Microscopical  Examination, 

The  total  number  of  organisms  per  cubic  centimeter  found  in  each  of  these  samplet 
No.  11929,  26;  No.  12402,  681 ;  No.  12994, 19;  No.  18619,  IS. 


as  follows 
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Chemical  ExamtnaUon  of  Water  Jrcm  Mittham  Brooke  Marlborough, 

[Pftrta  per  100,000.] 


1 

o 

ArPBARAVOB. 

Rbodub  ov 
Etapoba- 

TIOH. 

AlOfOBIA. 

i 

.81 
.85 

NiTBOOBB 

AS 

o 

• 

1 
1 

^ 

8 

LOMOD 

Ignition. 

Albnminold. 

i 

1 

S 

1 

i 

a 

9 

if 

^ 

1 

|1 

• 

1 
il 

CO 

i 

a 

1 

11R8 
39054 

Mnr.lO 

Apr.  16 

V.  •light. 
DlatiiMi. 

Slight. 
BUght. 

0.68 
0.53 

4.» 

3.05 

1.25 
1.45 

.0008 
.0002 

.0100 
.0158 

.0184 
.0184 

.0012 
.0024 

.0150 

.0220 

.0001 

.0001 

.5882 
.4801 

1.4 

1.1 

Odor  of  the  IliBt  aample,  nono,  beoomlng  ▼egelBble  on  boBting;  of  tho  teoond  Mmpley  dUtlnotly 
ngetable. The  BBmpIca  wore  coUoeted  from  b  ftinoot  Bt  the  mUhBiw  Brook  panplng  Btntion. 


MicroscopiccU  ExaminaUoru 

No.  11928.  DlatomaoMBt  O^doieUa,  1;  JHatoma,  1;  Jferidion,  8;  yiavleula,  1;  Odoniidium,  2; 
Spudra,  11;  T^abeiiaHa,  S.    Fongi,  CrenotArix,  20.    MlaeellBDeons,  Zo8gUMa,  84.    TotBl,  76. 

No.  12064.  DlBtoiDBoeeB.  Diatoma^  8;  EpUhmnia,  1;  JTraffUaria,  2;  Jferidion,  4;  JTcnieulQ,  8; 
?feaifiar<a,l;  ^yiMcfoVvSO;  7b^«itor<a,  20.    AlgiB,  ao«<«r<afm,  1.    TotBl,65. 


Chemical  Examination  of  Water  from  Faucets  in  Marlborough, 

[PbtU  per  100,000.] 


1 

Rbbibuk  ov 

EVATOBA* 
TIOV. 

Ammovxa. 

4 

e 

.48 

Nrboobv 

AS 

m 

% 

a 

1 
1 

.1025 

1 

a 

% 

1 

H 

LoBBon 
Ignition. 

i 

Albamlnold. 

• 

i 

i 

1 

o 

1     ^ 

I 

• 

■ 

it 

CO 

1 

1 
.0026 

1 

13S«  Jal7l6 

Nona. 

V.  Blight. 

0.05 

4.15 

1.75 

.0000  .0172 

.0146 

.0050.0000 

2.2 

liSSo'jnlylO 

1 

1 

Blight. 

Cobb.* 

roBty. 

0.05 

1 

5.20 

1.70 

.0000 

.0100 

.0144*  .0046 

.48; 

.0050 

.0000 

.2125 

2.1 

Odor,  DODO. The  flrvt  BBmple  wbs  oolleeted  from  b  fBOcet  on  ICBpIe  Street  end  the  second  from  b 

faucet  on  Weed  Street. 


Microscopical  Examinaiion, 

N0.12S4B.   Algaa,  .nro<ocoeeii«,10;  i9tounitf<rum,2.    Totel,  12. 

No.  12610.    DtatomBoees,  7\ibeUoria,  18.    CyBnophycesB,  Oodotphmrtumt  1.    Algas,  Protococau,  10; 
8.   Fongi.  Ofyno9Mat,\\  Meld*, 0.    MiMelUneoiis,  Zo^too,  124.    Totel.  100. 
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mabshfiei.d. 

Water   Supply  of   Bkant   Hock,  Marshfield. — Brant  Boc; 

Water  Company. 


Chemical  ExamincUion  of  Water  from  the  Works  of  the  Brant  Bock  Wetter  C<nnpaii\ 

[Part*  per  100,000.] 


of 
CoUectlon. 

APPBASAMCK. 

• 

c 
.S 

Ammohia.    : 

KiTKOOm 
AS 

;  i 

^ 

• 

2 

a 
B 

.     1 

aeon 
vapori 

• 

1 

Chlorine. 

'  i     i 

a 
• 

• 
1      S 

1 

1 

a 

1 

sa4 

• 

Nltra 
Nltril 

S 

2      z 
£      2 

1894. 

1 

1 

1 

1 

12400 

July      0  , 

1 

None. 

None. 

0.0 

11.30 

.0000 

.0018  ; 

2.00 

.0600    .0000 

1 

2.2  .0« 

Odor,  none. The  sample  was  collected  from  a  faaoet  at  the  pomplng  station. 


Microscopical  Examination. 


No  organisms. 


Water  Supply  of  Maynard. 

Chemical  Examination  of  Water  from  the  Maynard  Water  Works. 

[Parts  per  100,000.] 


a 

s 


11796 
12403 
13206 


Av. 


a 

§ 


Appbaramck. 


Residuk  oh 
I   Evapoba- 

I'  TIOK. 


Ammovia. 


tf 

3 


c 

« 

a 

09 


o 
o 
o 


1894. 

Feb.  21    V.  ellKht.   V.  slight. 


June20V.  slight. 
Oct.  24    Distinct 


None. 

Cons., 
green. 


0.04 


I 


c 
o 

§1 


1 

Albuminoid. 

1 

• 

•s 

• 

► 

« 

« 

i 

1 

1^ 

si 

u* 

H 

A 

B 

KlTBOOKX 

AS 


• 

«• 


2.46  ;  0.40    '.0006 


0.08    3.80  <  0.00 

I 

0.03*  2.06  '  1.00 


0.06    2.60     0.77 


.0000 
.0006 


.0004 


.0068.0064 


.0076 
.0164 


.0062 
.0130 


.01031.0082 


1 
B 

9 
m 
B 
0 


■ 
M 

0 


a 


.0000  .I32D 
.0000  .Ifffl 
.0000  .1819 

.0000  .im: 


1 


0, 

IJ 


Odor  of  the  first  and  last  samples,  faintly  vegetable;  of  the  second,  none.    On  heating,  all  the 

pies  had  a  distinctly  vef^etable  odor. The  first  two  samples  were  collected  from  faaoets  sod  tbeiatf 

sample  from  the  pond.  The  difference  between  the  analyses  of  samples  collected  in  the  riJlafe  wd  tm 
from  the  potid  indicates  that  a  large  amount  of  ground  water  finds  its  way  into  the  pipe  leading  from  (M 
pond  to  the  pumping  station. 
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Microscopical  Exaiminaiion  of  Water  from  the  Maynard  Water  Works. 

[Number  of  organisms  per  eable  e«ntJin«tor.] 


1^7  of  tnratntrwtlon, 
tTfimber  of  Munplet 


Afllerlooella, 

CyelotelU, 

BTnedrm, 

l^bellaria. 


PLANTS. 


Cyanoptiycefls,  IClcioeyfttls, 


ANIMALS. 


InftiBorla.  I>teobiyon 


JRte«Ua««oii»,  ZoOgloBft, 


19M. 


Kcbmsry. 


Jane. 


October. 


Total, 


2S 

11706 


11 


101 


22 
12408 


0 


107 


26 
18206 

n 


48 

S4 

0 

0 

0 

P 

26 

88 

56 

3 

32 

6 

0 

0 

16 

II 


Itt 


206 


Medfield. 

ChenUccU  Examination  of  Water  from  a  Spring^  Medfield, 

[P«rU  per  100,000.] 


r 

1 

1 

"6^ 

i 

Color.          > 

i 

3.80 

.1 

AMMOHIA.    iI 

1 

1; 

.20 

1 

,    NiTBOOur 

AS 

8 

B 

.0000 



• 

1.4 

Nnnibrr. 

1           1 

a 

1 

1      '      1 

2S      ,       K 

i 

b4 

12848 

18»t. 

Aug.  81 

None.         None. 

I 

1 

0.00 

1.0002 

1 

.0026   1 

1 

.0000 

.0000 

.OOM 

Odor,  none. The  eample  wss  eollected  from  a  sprint  near  Vine  Brook,  abonl  a  third  of  a  mile 

above  North  StreoC,    Thle  spring  is  used  as  a  sourea  of  water  supply  by  a  large  straw  f aetory  and  by  a 
portloo  of  the  TUlnge  of  Modfteld. 


Microscopical  Examination. 


No 
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Watbe  Supply  or  Medford. 


As  noted  in  the  previous  aonaal  report,  works  were  constmcted 
early  in  1894  for  pumping  water  for  the  supply  of  the  eity'of  Med- 
ford from  three  small  brooks  flowing  from  a  water-shed  which  is 
contiguous  to  that  of  Spot  Pond  on  the  south.  On  the  lai^est  of 
the  brooks  is  situated  a  small  ice  pond  known  as  Wrighfs  Pond. 
The  works  were  of  a  temporary  character,  constructed  with  a  view 
to  utilizing  the  water  of  these  streams  during  times  of  high  flow. 
More  permanent  works  are  in  process  of  construction,  with  a  yiew 
to  securing  a  larger  quantity  of  water  from  this  source,  and  for  the 
purpose  of  supplying  the  higher  portions  of  the  city  by  means  of  a 
high-service  system.  During  1894  the  pump  was  run  from  Janiuir 
24  to  May  24  inclusive,  and  from  December  20  to  the  end  of  the 
year,  the  water  being  discharged  into  the  main  leading  from  Spot 
Pond  to  the  town,  the  surplus  not  used  by  the  town  going  back  into 
the  pond. 

Further  information  regarding  the  water  supply  of  Medford  from 
Spot  Pond  and  analyses  of  water  from  the  pond  may  be  found  on 
pages  220-222. 

Chemical  ExamincUion  of  Water  from  the  Wrights  Pond  Source^  Mee^ord. 

[P»rU  per  100,000.] 
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Appkamamox. 
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• 
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hi 

00 
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12063 
12780 

1994. 

Apr.  17 

Aug.  20 

1 

V.  Blight. 

Distinct, 
green. 

Slight. 
Slight. 

0.40 
0.78 

4.36 
6.10 

1.46 
2.80 

.0004 
.0018 

.0126 
.0664 

.0104 
.0408 

.0022 
.0166 

.0050 
.0000 

.0001 
.0000 

li 

Odor  of  the  flrat  ■ample,  Done,  beconaing  decidedly  Tegeteble  and  nnpleeeant  od  beetiog;  of  tic 

second  sample,  faintly  vegetable,  becoming  stronger  on  heating. The  first  sample  was  eolleeled 

from  a  faucet  at  the  temporary  pumping  station  and  the  second  from  Wright's  Pond. 


Microscopical  Examination, 

No.  12068.  DiatomaceflB,  ir«to«<ra,  26;  Meridion,  1;  Synednit  180.  Alg»,  Zo^tporet,  20.  Fnof^ 
OrenoihriXt  48.    Infusoria,  Dinobryon,  11;  Dinobryon  oatet,  ISO;  IWiditUwn,  1.    Total,  866. 

No.  12780.  D\BU>mmoem,Melo9ira,2;Pinnutaria,li3ytudra,24fi,  Oyanophyoen,  CZattive|tf(' 
06;  AJg»,  CtoiUrium,  6;  PediaHrumt  2;  Staurattrum,  2.  Infusoria,  PeriditUum,  7;  Trochikmenu* 
2.    Vermes,  Monocerca,  1;  P^lyarthra,  4;  BoHfer,  2.    Total*  866. 
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MELBOSE. 


Water  Supply  of  Melbose. 


For  information  regarding  the  water  supply  of  Melrose  from  Spot 
Pond  and  for  analyses  of  water  from  the  pond  see  pages  220-222. 
The  results  of  analyses  of  samples  of  water  from  the  auxiliary 
ground-water  supply  introduced  in  1894  are  given  in  the  following 
table.  This  source  furnished  about  one-third  of  the  water  used  by 
the  town  in  1894. 

Chemical  EzaminaHon  of  Water  from  Tubular  Wells  in  the  Valley  of  Bpot  Pond 
Brooke  near  Wyoming  Avenue,  used  as  an  Additional  Source  of  Water  Supply 
for  Melrose, 

[Put*  per  100.000.] 


n 
B 

3 


% 


1W4. 

I 

mii-MBT  18 

1     ' 

t38S   Jane    18 

1 

13852  Sept.  4 
1907  . 8«pt.  10 
13178!  Oct.    22 


13886 'Not.   21 
I 

13511    Dm.    18 


AmJkMAMOK, 


2 


i 


AT-t 


None. 

Sliffht, 

emyey. 
SllgiA, 

oUyey. 
msttnet, 

elayey. 
None. 

Slight, 

elayey. 
None. 

7.el1gliC 

wMte. 

V.ellght. 


None. 

SHgfat. 

None. 

Cons., 

eertby. 
None. 

None. 

None. 

SUfffat. 

eaitny. 
V.  slight. 


i 

a 


0.00 
0.10 

o.oe 

0.00 
0.02 
0.05 
0.02 
0.04 
0.00 


0.04 


11.00 
lO.M 
11.66 
11.60 
16.50 
13.00 
14.00 
10.80 
16.80 


18.24 


AJOconA. 


I 


t  I 


ii 


S  I 


.0000 
.0094 
.0014 
.0060 
.0000 
.0014 
.0012 
.0010 
.0010 


.0017 


.0082 
.0000 
.0000 

.0006  I 

.0008 

.0008 

.0010 

.0016 

.0084 


.0014 


1.88 
1.09 
1.80 
1.06 
1.46 
1.40 
1.56 
1.88 
1.86 


1.88 


NinooBv 


s 
I 

9i 


.0070 
.0700 
.0600 
.0100 
.1060 
.0600 
.0770 
.0700 
.0000 


.0084 


i 


.0000 
.0000 
.0002 
.0006 

.0001 
.0001 
.0004 
.0001 
.0002 

.0002 


1 

1^ 

• 

m 

.0820 

.0861 

.0102 

.0000 

.0077 

.0000 

.0181 

.0828 

.0770 

8.4 

.0260 

1 

7.1 

.0040 
.0060 
.0170 
.0030 
.0050 
.0200 
.0000 
.0110 
.0080 


.0084 


*  TUs  Mmpis  is  ssid  to  have  been  affected  by  an  aoeidental  breaking  of  some  of  the  wells. 
t  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has 
lieeii  need  in  making  the  average. 

Odor  of  No.  12708,  distinct;   of  No.  120O7,  faintly  tarry;    of  the  other  samples,  none. The 

maples  weie  eoOected  from  a  fkncet  at  the  pumping  station,  with  the  ezoeptton  of  No.  12007,  which 
VIS  coUeded  from  a  fiancet  on  Winthrop  Street. 


Microscopical  Examination, 


Ro.  12388.   MisceUaoeons,  Zoa^toa,  28. 

No.  uraa.   Fongi,  OreMthrlx,  9. 

Ho  orpaliais  were  found  In  the  remaining  samples. 
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MENDON, 


Mendon. 

Chemical  Examinalion  of  WcUerfrom  Mendon  Pond^  Mendon. 

[Parte  per  100,000.] 
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o 
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V.  Blight. 

y.  Blight 

Distinct. 


■;l 


V. Blight.  0.05 
Blight.  0.04 
CODB.  0.06 


0.05 


§ 
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Albuminoid. 


I '  KXTBOGBir  '■     ^ 


AB 


a 
S 


•  6* 
3  O. 
00 


o 


8 

a 
m 
S 

5 


I      2    ^ 

r      J?    ; 

%       o     : 


1.05 
1.85 
2.00 


0.60     .0010 


.0100 


.0066 


I 


.0014 


.27  I  .00801. 0000    Iflfo  0  « 


0.00     .0010  .0118  .0006  .0022  .21  ! 


.0024  .29  , 


0.85     .0012.0166.0132 


1.93  .  0.78     .0011 


.OOOOj.QOOO  .2416  ii.t 
.00301. 0000. 1925  I'A 


.0125  .0105  .00201  .20 


. oo2o>. 0000 ;. son  u 


Odor  of  the  flrat  and  third  BampleB,  none;  of  the  aecond,  faintly  vegetable. The  aampleB  wen 

collected  from  the  pond. 


Microscopical  Examinalion  of  Water  from  Mendon  Pondy  Mendon. 

[Number  of  organiamB  per  cable  centimeter.] 


Day  of  examination, 
Number  of  Baraple, 

DlatoxnaceaB, 

Aaterionella, 
Synedra, 
Tabellaria,  . 


PLANTS. 


Oyanopbyceea,  OBclliaria, 
Algeo,       .... 


Chlorococcus, 
ProtoeoccnB, 


1S»4. 

Jannaiy. 

Marxsh. 

1 

Harcb 

25 

1 

30 

11676 

11813 

11»?4 

542 

80 

H 

0 

2 

540 

6 

0 

74 

pr. 

0 

0 

% 

>                 0 

6 

% 

0 

!                0 

0 
6 

.1 

0 

Infusoria, 


Dinobryon,  . 
Dinobryon  caBos, 
Perldinmm, 


ANIMALS. 


Vermee.  Polyarthra; 
Orastacea,  Daphnia, 


Miteeltaneout,  Zobgloea, 


17 


n 


0 
2 

0 

0 

17 

0 

11 

10 

0 

0 

I 

0 

0 

.04 

4 

0 

IS 

Total, 


548 


103 


M 
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MBTHUEN. 

Water  Supply  of  Methuen. 

The  works  are  owned  by  the  town,  and  were  completed  in  the 
latter  part  of  1894.     The  supply  is  derived  from  tubular  wells  in 
the  valley  of  the  Spicket  River,  near  the  point  where  it  is  joined  by 
Harris  Brook.     The  wells  are  each  2^  inches  in  diameter,  and  are 
in  two  groups.     One  group,  located  west  of  the  Miller  Road  and 
north  of  Harris  Brook,  consists  of  27  wells,  ranging  in  depth  from 
25  to  37  feet,  and  averaging  29 J  feet.     The  other  group,  located 
east  of  the  Miller  Road  and  along  the  southerly  side  of  the  Spicket 
River,  consists  of  18  wells,  ranging  in  depth  from  25  to  32^  feet, 
and  averaging  28 J  feet.     The  wells  in  the  westerly  group  are  con- 
nected with  a  10-inch  main  51G  feet  long,  and  those  in  the  easterly 
group  with  a  1 2-inch  main  390  feet  long.     The  mains  connect  before 
reaching  the  pumps  at  the  pumping  station,  and  there  is  a  third  pipe 
laid  to  the  Spicket  River  for  drawing  water  from  the  river  in  case 
of  necessity.     Provision  was  also  made  for  the  connection  in  the 
faiare  of  a  pipe  from  Harris  Pond,  a  large  pond  about  two  miles  up 
the  valley  of  Harris  Brook. 

From  the  pumping  station  water  is  forced  to  a   covered   distrib- 
uting reservoir   on   Foster's  Hill.     The   reservoir  is  a  cylindrical 
chamber,  the  inside  diameter  of  which  is  95  feet  at  the  top  and  93 
feet  at  the  bottom,  and  the  depth  inside  is  21  feet.     The  wall  is  2 
feet  6  inches  thick  at  the  top  and  5  feet  6  inches  thick  at  the  bottom, 
which  is  2  feet  below  the  finished  bottom  of  the  reservoir.     It  is 
built  of  field  stone,  laid  in  American  cement  mortar,  plastered  inside 
with  a  coat  of  Portland  cement  mortar.     The  bottom  slopes  down- 
ward from  the  circumference  to  the  centre,  and  at  the  latter  point  is 
6  inches  lower  than  at  the  wall.     It  consists  of  5  inches  of  American 
cement  concrete,  covered  with  a  layer  of  Portland  cement  plastering 
1  inch  in  thickness.     The  covering  of  the  reservoir  consists  of  a  brick 
dome  in  the  centre,  surrounded  by  3  concentric  brick  arches  8  inches 
in  thickness,  supported   by  brick  piers  connected  by   brick  lintel 
arches  and  by  the  outer  wall.     There  are  3  rows  of  piers,  the  diame- 
ter of  the  outer  of  which  is  72  feet,  of  the  middle  48  feet  and  of  the 
inner  24  feet.     There  are  30  piers  in  the  outer  circle,  20  in  the 
middle  and  10  in  the  inner.     The  piers  are  7  feet  6\  inches  apart  on 
centres,  measured  along  the  circumference  of  the  circle  in  which 
they  are  placed,  and  are  each  IG  inches  square.     Over  the  top  of 
the  reservoir  is  a  filling  of  earth  and  loam. 
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Water  enters  the  reservoir  at  its  centre  near  the  bottom  throogii 
a  cast-iron  main  14  inches  in  diameter,  and  is  drawn  out  throagh  th« 
same  pipe.  Provision  is  made  for  drawing  all  of  the  water  oat  of 
the  reservoir,  if  necessary,  by  means  of  a  6- inch  waste  pipe,  pass- 
ing from  the  bottom  of  the  reservoir  at  its  centre  to  the  surface  of 
the  ground  several  hundred  feet  below.  An  overflow  is  also  pro- 
vided, extending  vertically  from  the  waste  pipe  to  high- water  level, 
which  is  20  feet  above  the  bottom  at  the  circumference.  An  iroa 
ventilator  extends  from  the  centre  of  the  brick  dome  to  a  short  dis- 
tance above  the  surface  of  the  ground.  The  capacity  of  the  reser- 
voir is  a  little  over  1,000,000  gallons.  Distributing  mains  are  of 
cast  iron,  service  pipes  are  of  wrought  iron  lined  with  cement. 


Chemical  Exafnination  of  Water  frotn  the  Tubular  Well8  of  the  Methuen  Walter 

Works, 


[Partfl  pel 

- 100,000.] 
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Odor,  none. The  ■emplee  were  ooUected  at  the  pnmping  station. 


Microscopical  Examination, 


ffo  or^nlsniB, 
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Chemieal 


METHUISN. 

of  Water  from  the  Covered  Beservoir  of  the  Methuen 
Water  Works. 

[PwU  p«r  100,000.] 
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Dee. 

> 
10 

13 

8i 

V.  ellght. 

NOM. 

None. 

V.BUcht. 

None. 

None. 

0.00 
0.06 
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.0000 
.0010 

.0000 
.0018 
.0036 

.0080 
.0040 
.0070 

.0006 
.0006 
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Odor,  none. The  aainplee  were  colleeted  from  a  fsveet  near  the  ooTered  reeenroir,  and  repreaent 

water  Howtaig  oat  of  the  reeervoir* 


No 


Microscopical  Examination. 


Chemical  Examination  of  Water  from  Haiwkes  Brook,  Methuen, 

[Peru  per  100,000.] 
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*  Blight  yellow. 


Odor,  lUntly  Tageteble,  beoomlng  atroogar  on  heating. The  aample  waa  eolleeted  frona  Hawkea 

Brook,  during  an  InTeetlgiiUoii  for  aa  additional  water  anpplj  for  Haverhill. 


Microscopical  Examination, 

Dlatomnea*,  DiaSama,  2;  Meridkm,  1;  Si/nedru,  8.    Algn,  (htmarium,  1.    Fangi,  Ortnothrixt  8. 
lBfOK»ria,i)faodryo»eaeee,l.    Total,  16. 
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Water  Supply  of  Middleborough  Fire  District, 

MlDDLEBOROUOH . 
Chemical  Examination  of  Water  from  the  Well  of  the  Middleborough  Fire  DiHrid. 

[ParU  per  100.000.] 


Date  or 
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1 
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A 
it 

A- 

1  6.90 
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1 

• 

3          Chlorine. 
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• 
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Turbidity. 

Sediment. 

Color. 
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Nitrites. 
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1894 
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• 
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1 
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1 
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1 

.0004 
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.0026 
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Aug. 
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22    V.  alight, 
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.0000 

.0385  i  2.1  .«* 

13097 

Oct. 

1 
8 

y.  alight. 

Blight. 

0.07 

6.60 

.0002 

.0060  ! 

.73 

.0430 

.0000 

.0836  !  2.1  J^ 

i 

13273 
13446 

Nov. 
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.0462  ,  •:.!  .'-'.'<' 
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.0032  ! 

.0672 
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1 
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2.3  Ar:^> 

1887 1 
1888 
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Averages  by  Years. 


1 

0.00  ; 

8.39 

1 

1.0004 

1 

.0019 

.96 

.1610 

1 

- 

0.00 

8.67 

,.0001 

.0025 

.96 

.1494 

.0001 

- 

0.00 

8.77 

.0002 

.0024 

1  .98 

.1770 

.0001 

- 

0.05 

6.53 

.0006 

.0024 

.73 

.0776 

.0001 

- 

0.09 

1 

6.16 

.0004 

.0032 

.09 

.0572 

.0001 

.0840 
1.0804 


2.8  .OtCi 
2.S  .0237 


*  Where  more  than  one  aample  wae  collected  in  a  month,  the  memn  analysle  for  that  month  bub«(9 
uBcd  In  making  the  average. 
t  Jane  to  December. 
\  January  to  May. 
§  April  and  September. 

Odor  of  No.  12916,  faintly  disagreeable,  becoming  diatinctly  moaldy  on  heating;  of  iheolberMiQ 
pies,  none.  On  heating,  the  odor  of  No.  13097  was  decidedly  graaay,  and  of  No.  13273,  faintly  mouldy.— 
The  samples  were  collected  from  a  faucet  at  the  pumping  station. 
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MIDDLEBOBOUGH. 

Microscopical  ExamincUion  of  WaUr  fr&m  the  Well  of  the  Middleborough  Fire 

District. 


[Nomber  of  orgmotoms  per  cubic  centimeter.] 


--   —             _        — 

Jnne. 



1894. 

»«pt. 

12 

12015 
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Xomber  of  eample. 

27 
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23 

12805 

I 

5 
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88 

0 

13007 
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13273 
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PLANTS. 
Pungrii  CrcDothriz, 

82 

38 

)ii9ceUanemt9,  Zoo^Icea* 
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Total, 
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88 


94 
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32 
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Chemical  Examination  of  Water  frvm  Faucets  in  Middleborough. 

[ParU  per  100,000.] 
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nitty. 


B  > 
s     > 


0.15«     5.86 
O.OSt  i  6.10 


Ammonia. 


•a 
"c 

is 

< 


*.0086    .0060 

I 

.0018    .0042 


NITKOOBM      i 
AS 


a 
s 


5 


gS 


Jr, 


.62     .0300    .0000 
.02     .0400    .0000 


M 

c 


e 

T3 


.1155      1.0    .(X300 
.1116  I  2.2    .0360 


*  Four  days  later,  .08. 


t  Poor  days  later,  .15. 


Odor  of  the  first  two  samples,  oooe. The  samples  were  collected  from  faucets  io  the  town. 


Microscopical  Examination, 

No.  1*2804.    Fangt,  OenoMrla',  82.    MiscelUneous,  Zoo^/<M,  108.    Total,  140 
No.  I2S07.     Funsi,  Crenothrix,  20. 


Watek  Supply  of  Middleton. 


(See  Danvers.) 


230 


STATE   BOARD   OF  HEALTH.  [Pub.  Doc. 


mabshfielb. 

Water   Supply   op   Brant  Rock,  Marshfielb.  —  Brant   Bock 

Water  Company. 


Chemical  ExamincUion  of  Water  from  the  Works  of  the  Brant  Rock  Water  Cksmpany, 

[ParU  per  100,000.] 


ate  of 

CoUectlon. 

APPCAKikMCK. 

esidae  on 
Evaporation. 

Ammoxia. 

hlorine. 

NlTBOOKV 
A8 

•2 

8 

a 

• 

1 

• 

if 

s 

o 

Sediment. 

-   - 

1 

■ 

2 

1  1    i 

m 
« 

^ 

« 

H 

o 

04 

1  «  '< 

u 

2S        as 

o 

MM                  h 

1894.    ' 

1 
1 

1 

1 

1 

1 

12400 

July      9 ; 

None. 

None. 

0.0 

11.80 

.0000 

.0018 

2.00 

.0600 

.0000 

;•"»! 

2.2   .0006 

Odor,  none.  — The  sample  was  collected  from  a  faacet  at  the  pnmplng  ■tatlon. 


Microscopical  Examination, 


No  organUma. 


Water  Supply  of  Maynard. 

Chemical  Examination  of  Water  from  the  Maynard  Water  Works. 

[Parta  per  100,000.] 


a 

9 


11706 
12403 
18206 


Av. 


B 
O 

« 


o 
Q 


1894. 

Feb.  21 

June20 

I 
I 

Oct.  24 


ArPIABAXCB. 


I  RK8IDDK  OH 
EVAPORA- 
TIOV. 


S 

I 


a 


a 


V.  alight. 
V.  alight. 
Diatlnct 


V.  Blight. 

None. 

Cona., 
green. 


o 
H 


B 
O 

Be 


0.04.  2.45  :  0.40 
0.90 
1.00 


AyMOHIA. 


Albuminoid. 

ij 

"8 

■ 

>■ 

ns 

• 

1 

a1 

^1 

h 

H 

A 

oc 

0.0811  3.30 


0.03 


2.05 


0.06  I  2.60 


.0006 
.0000 
.0006 


0.77  ;  .0004 


.0068 
.0076 
.0164 


.0103 


.0054 
.0062 
.0130 


.0082 


.0014 
.0014 
.0084 


.23 
.27 
.28 


2 


s 


I 

.0020.0000 


.0021  .26 


.0000 

.0000 


.000^ 


B 

s 

B 

s    i 

B  S> 

m    •  • 
O    ,  S 


.0000 


.1330  0.S 
.2002:  1.S 


.0000  1.1319 


0.5 


.0000  .IM7  O.S 


Odor  of  the  firat  and  laat  aamplea,  faintly  vegetable;  of  the  second,  none.    On  heating,  alJ  the  aam- 

plea  had  a  distinctly  vegetable  odor. The  firat  two  aamplea  were  collected  from  faaoeta  and  the  laat 

aample  from  the  pond.  The  difference  between  the  analyaee  of  aamplea  collected  in  the  village  and  that 
from  the  pond  Indioatea  that  a  large  amount  of  ground  water  finds  its  way  into  the  pipe  leading  from  the 
pond  to  the  pumping  atation. 


ro.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  231 

MAYKAKD. 

Mieraseopieal  Examination  of  Water  from  the  Maynard  Water  Works. 

[Number  of  organUma  per  enblo  oentlmeter.] 


"Hj  of  ezamlnatioD, 
(bomber  of  eample. 


AflterioiMlla. 
Cydotella, 

SjDedFBv 

fabellaria. 


PLANTS. 


Cyanopliyce«o»  Mleroeyatle. 


ANIMALS. 
Inftiaoria.  Dfoobryoii  naew, . 


ifl«cUaMoiw,  ZoSglcM, 


Total, 


19M. 


Kebroary. 


June. 


11706 


77 

48 
0 

26 
3 


82 
11408 

1M 


101        i  107 


October. 


26 

18906 

71 


S4 

0 

0 

0 

38 

M 

82 

6 

II 


t 

0 

ta 

n 

t 

in 

Medfield. 

Chemical  Examination  of  Water  from  a  Spring^  Medfield. 

[ParU  per  100,000.] 


■ 

1 

1 

Appbabavob. 

1 

1 

Ammovia. 

.     NiTBOOU 
AB 

* 

1 

1 

«K 

1 

D 

• 

%^ 

• 

*i 

1 

• 

,         1 

§& 
sr 

1 

e 

1 

■  i  ; 

i    i 

J 

o 

i 

s 

s 

2 

'  1 

s 

1 

1 

5      ; 

ji 

1     1 

1 

i 

^4 

1M4. 

1 

1 

1 
t 

1 

ma 

Aug.  31 

None. 

1 

1  None. 

0.00 

3.80 

.0002 

.0026  , 

.20 

.0000 

.0000 

.0000 

1.4 

.0060 

Odor,  none. The  aample  waa  eoUeeted  from  a  aprlng  near  Vine  Brook,  abont  a  third  of  a  mile 

above  North  Street.    Thin  spring  ia  need  aa  a  aooree  of  water  aapply  by  a  large  atraw  factory  and  by  a 
porttoa  of  the  Htbige  of  Medfield. 


Microscopical  Examination. 


No  orgaaiama. 
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MII.TON. 

Water  Supply  of  Milton.  —  Milton  Water  C!ompany. 

The  water  supplied  by  this  company  to  the  town  is  purchased 
from  the  Hyde  Park  Water  Company,  Analyses  of  the  water  may 
be  found  on  pages  182-184. 

The  reply  of  the  State  Board  of  Health  to  an  application  of  the 
Milton  Water  Company,  relative  to  taking  water  from  the  ground  in 
the  vicinity  of  Pine  Tree  Brook  in  Milton,  may  be  found  on  pages 
27-29  of  this  volume. 

Analyses  of  samples  of  water  collected  in  connection  with  the 
investigation  of  the  proposed  source  of  supply  are  given  below  and 
on  page  225  of  the  annual  report  of  the  Board  for  1893. 

The  replies  of  the  State  Board  of  Health  to  the  school  committee 
of  Hyde  Park  and  to  the  Hyde  Park  Water  Company,  relative  to 
the  water  supply  of  Hyde  Park  and  Milton,  may  be  found  on  pages 
21-24  of  this  volume. 


Chemical  Examination  of  Water  from  Tubular  Test  Wells  in  the  Valley  of  Pine 

Tree  Brook,  MiUon. 

[Parts  per  100,000.] 


Date  of 

Collection. 

ArPKABAMOB. 

Residue  on 
Evaporation. 

Ammomia. 

Chlorine. 

NiTBOQKK    I 

"       i 

Oxygen 

Consumed. 

Hardneti. 

Number. 

Turbidity. 

Sediment. 

Color. 

i 

Albu- 
minoid. 

• 

1 

Nitrites. 

* 

c 
£ 

1894. 

12098 

April  21 

None. 

v.  slight, 

0.0 

4.30 

.0012 

.0010 

:     .48 

.1100 

.0000 

.0237 

1.7 

.OOIM 

12090 

April  21 

None. 

sandy. 
Slight, 
sandy. 

0.0 

4.50 

1 

1 
.0006 

1 

.0008 

.51  1 

.1100 

.0000 

.0118 

1 

1 

1 

1.7 

.0050 

Odor  of  the  first  sample,  none;  of  the  second,  distinct. The  first  sample  was  collected  from  a 

tubalar  well  near  Pine  Tree  Brook  on  the  easterly  side  of  Harland  Street,  and  about  700  feet  aoath  of 
OantoD  Avenue,  Milton ;  the  second  sample  was  collected  from  a  test  well  on  the  westerly  side  of  Pine 
Tree  Brook,  in  Safford's  Meadow,  on  the  easterly  side  of  Harland  Street. 


Microscopical  Examination. 


No  organisms. 
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MONSON. 

Water  Supply  of  Monson. 
Theadvicd  of  tbe  StAte  Board  of  Health  to  tbe  towo  of  Modbod, 
relative  to  taking  a  public  water  supply  from  the  water-sbed  of 
ConaDt  Brook  in  Monson,  may  be  foand  on  pages  29  and  30  of  this 
Tolnme.  Analyses  of  samples  of  water  from  Conant  and  Ingalls 
brooks  and  from  a  test  well  near  tbe ir  junction  are  given  below. 


Chemical 


of  Waler/rom  Conant  and  IngaUt  Brooks,  Momon. 

[Puta  par  100,000.] 


1 

An-UKin.. 

'l   ErAFDU- 

A.>,.u. 

.   i 
III 

mil* 

i 

i 

0000 

1 

U»«8 

jr. 

,  Blight. 

augbt. 

..»,|  i.«  1  0.. 

.0006  .0108 

.0. 

ll«H 

SUr  n 

V.iUght. 

Blight. 

o.ot 

,«.,..» 

OOM 

.01 

lltll 

lUr.IT 

r- 

«sft. 

••"ll"-* 

..« 

•""|- 

oou 

.01 

OdoroC  UMRnl  twoMinplMidlMliMtl]' ngauble;  at  Iba  lut,  Done. Tlu  flnt  unpla  wm  ool- 

HtBd  from  Conul  Bnwk,  )«t  balow  lU  jDBetloD  Willi  iDgmll*  Bnwk ;  Uia  •aeond  and  third  from  th« 
onhudKDUi  biasabaa  of  IngaIJa  Brook  raipaoilvaly,  Jnat  aboia  thdrJanoUoo. 

Microtoopieal  Examtnalion. 

Tba  lolal  Bnnibar  ol  orgulimi  par  enble  niiUiBtler  roDDd  In  aach  ol  Ibaae  umplai  wh  aa  Follawi : 
(o.llua,S;  Ko.  11014, 1«:  No.  llSlt.T. 


Chankat  Examination  of  Water  from  a  Test  Well  near  the  Junction  of  Conant  and 

Ingalls  Brook*,  Monton. 

[Piita  par  100,000.] 


-T 

A».^.U,.. 

~T 

... 

wu. 

" 

NIT.M.. 

1 

" 

.     :           1 

J 

ft 

lit 

i  ! 

i\ 

1 

^ 

1 

1  i 

1 

j 

i 

IIMO 

r*""' 

"Zii,. 

^ 

..« 

'Z_ 

... 

.0000   .0000 

.0110 

.OSTO 

FlBgl,  OvnoMrte,  4. 


Microscopical  ExaminaCion. 
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montagiib. 

Water  Supply  op  Turner's  Falls  Fire  District. — Montague. 

ChemiccU  Examination  of  Water  from  Lake  Pleasant^  Montague, 

[PftrU  per  100,000.] 


• 

1 

• 
& 

Appbabanoc. 

KeeiDua  oh 

ByAPORA- 
TIOK. 

AmCOMIA. 

1 
.12 

NiTBoan 
Ae 

1 

a 

0 

o 

• 

S 

1 

Loeeon 
Ignition. 

1 

Albuminoid. 

9 

1 

1 

1 

i 

Sus- 
pended. 

1 

IIOIO 

1894. 

Jan.  8 

V.  slight. 

Sllffht, 

flbroae. 
Blight. 

0.10 

2.05 

o.eo 

.0080 

.0104 

.0076 

.0028 

.0050 

.0000 

.0868 

0.6 

1I71» 

Feb.  6 

Slight. 

0.05 

1.06 

0.65 

.0028 

.0126 

.0008 

.0028 

.11 

.0080 

.0000 

.1600 

0.8 

11847 

Mar.  6 

V.  alight. 

V.eUght. 

0.05 

1.86 

0.60 

.0052 

.0002 

.0080 

.0012 

.00 

.0060 

.0000 

.1660 

0.8 

11M7 

Apr.  4 

V.ellght. 

V.ellght. 

0.03 

2.20 

0.70 

.0064 

.0102 

.0072 

.0080 

.10 

.0030 

.0001 

.0686 

0.8 

12106 

May  T 

V.ellght. 

V.eUght. 

0.08 

2.16 

0.»5 

.0000 

.0088 

.0070 

.0018 

.12 

.0080 

.0000 

.1270 

0.3 

12307 

Jane  4 

V.ellght. 

V.ellght. 

0.02 

2.26 

0.05 

.0004 

.0008 

.0086 

.0012 

.18 

.0080 

.0000 

.0847 

0.3 

12400 

Jnly  0 

Slight. 

Blight. 

0.02 

2.80 

0.65 

.0000 

.0126 

.0084 

.0042 

.18 

.0000 

.0000 

.0086 

0.8 

12878 

Aug.  7 

V.ellght. 

BUsht. 

flbroae. 
V.ellght. 

0.02 

2.26 

0.75 

.0006 

.0000 

.0068 

.0022 

.10 

.0000 

.0001 

.0770 

0.5 

12000 

Bept.l0 

V.ellght. 

0.01 

2.15 

0.86 

.0000 

.0072 

.0060 

.0012 

.11 

.0020 

.0000 

.0770 

0.5 

18070 

Oot.  2 

V.eUght. 

V.ellght. 

0.02 

2.85 

0.86 

.0000 

.0068 

.0046 

.0012 

.14 

.0000 

.0000 

.1186 

0.8 

18268 

Nov.  6 

Slight. 

Slight. 

0.00 

2.05 

0.40 

.0018 

.0100 

.0060 

.0020 

.14 

.0080 

.0001 

.1116 

0.5 

13488 

Deo.  4 

Slight. 

SUght. 

0.03 
0.04 

2.05 

0.75 

.0068 
.0022 

.0102 
.0007 

.0086 
.0076 

.0016 
.0021 

.11 
.12 

.0080 

.0025 

.0000 
.0000 

.1001 
.1071 

0.5 

Av. 

2.18 

0.68 

0.4 

Averages  by  Tears, 


1887* 

- 

- 

0.08 

2.74 

0.81 

.0018 

.0116 

- 

- 

.10 

.0007 

- 

- 

1888 

- 

- 

0.00 

2.83 

0.40 

.0027 

.0071 

- 

- 

.00 

.0085 

.(Mxm 

- 

1880t 

- 

- 

0.01 

2.10 

0.40 

.0008 

.0068 

.0062 

.0011 

.08 

.0088 

.0000 

- 

1888 

- 

- 

0.04 

2.28 

0.68 

.0028 

.0116 

.0088 

.0082 

.12 

.0045 

.0000 

.1187 

1804 

- 

f  ^ 

0.04 

2.18 

0.68 

.0022 

.0007 

.0076 

.0021 

.12 

.0026 

.oooJ 

.1071 

0.6 
0.4 


*  Jane  to  December. 


t  January  to  June. 


NoTX  to  analyeee  of  1884:  Odor,  generally  vegetable  or  unpleaaant,  eomeUmee  none,  generally 
beooming  eomewhat  etronger  on  heating. The  eamplee  were  ooUeoted  from  fancete  In  the  town. 
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MONTAGITB* 

EzanUnatian  of  WaUr  from  Lakt  PUasatU^  Montague. 

[Niimb«r  of  organtome  p«r  onbto  MDtlmetor.] 


^an. 


Ftb. 


Mtr. 


Apr. 


Kaj 


JniM. 


July. 


AOf. 


S«pt. 


Oet 


Not. 


Dm. 


Dty  of  OTMnlntloti,    . 
5omb«ff  of  aunplo. 


11610 


IITIO 11847 


6 

11907 


8         8 
12188 1»07 


10 


1319619678112000 


19 


1807018268 


0 
18480 


PLAirrs. 

Diatomaceao, 


CTOlotella, 

FragUarla, 

Melooiim, 

Sjocdrm, 

TabdtariA» 


Cyanopbyceeo,  AnabsiiAfpono, 


AlgSB, 


ProCoeooeus, 

Baphldlam, 

Tetraopora, 


^ 

1 

7 

88 

188 

8M 

1 

4 

t 

4 

8 

_ 

1 

pr. 

2 

2 

0 

0 

0 

2 

0 

pr. 

— 

0 

0 

0 

26 

0 

0 

0 

0 

0 

0 

« 

0 

7 

77 

186 

18 

8 

4 

0 

0 

1 

. 

0 

0 

1 

2 

820 

2 

0 

0 

2 

2 

— 

0 

0 

0 

0 

1 

pr. 

0 

pr. 

2 

2 

- 

6 

6 

8 

8 

8 

8 

8 

8 

11 

6 

- 

44 

0 

It 

8 

88 

8 

0 

47 

8 

6 

. 

86 

pr. 

12 

0 

68 

0 

0 

48 

0 

0 

. 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

" 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

17 

2 

0 

16 

0 

0 


0 
1 
6 


AinMALS. 


Infusoria, 
XMnobrron 


Peril 


obrron  c 
idlmmn. 


14 

8 

6 


1 
1 


10 

1 
0 


6 
0 


0 
0 


0 
0 


0 
0 


pr. 


pr. 


0 
0 


0 
0 


0 
0 


JRieeUammut,  ZodgloM,     . 


•  • 


Total, 


- 

0 

0 

0 

8 

148 

160 

0 

8 

t 

8 

- 

69 

0 

102 

171 

642 

105 

4 

40 

17 

14 

24 


Water  Supply  of  Nahant. 

(See  SwampscoU.) 


Water   Supply  op   Nantucket,  —  Wannacomet   Water    Com- 
pany. 

By  reference  to  the  table  of  averages  by  years  on  the  following 
page,  great  fluctuations  in  the  amount  of  albuminoid  ammonia  in  the 
water  in  different  years  will  be  noticed.  The  larger  amounts  have 
been  due  to  the  presence  in  the  water  of  abundant  growths  of  the 
organism  Anabcena^  which  is  sometimes  present  in  great  numbers 
from  midsummer  until  October.  During  1894  the  water  remained 
of  satisfactory  quality  throughout  the  year,  and  in  the  microscopical 
examinations  of  samples  collected  for  analysis  no  Ana^oma  were 
found. 
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NANTUCKET, 

Chemical  Examination  of  Water  from  Wannacomet  Pond,  Nantucket. 

[Pftrts  per  100,000.] 


12877 
12500 
12023 
12680 
12900 
18086 
18271 
18461 


Av.* 


§ 
I 
I 


Jane  18 
July  9 
July  28 
Aug.  7 
Sept.  6 
Oct.  8 
Not.  6 
Deo.  5 


Appbabavcb. 


a 


(3 


(A 


6 


II 


V.  eUght. 

Slight, 

green. 
DUtlnet. 

Slight. 

Slight. 

Slight. 

V.ellght. 

V.eUght. 


Com. 
Slight. 

Slight, 

yellow. 
Slight, 

brown. 
Slight, 

rusty. 
Slight. 

Slight. 

V.  Blight. 


0.05 
0.08 
0.04 
0.05 
0.08 
0.08 
0.03 


Kbsidub  cm 

EVATOBA- 
TIOM. 


I 


6.80 
7.16 
6.65 
6.60 
7.50 
6.06 
6.25 


O.OOj    6.20 

li 


0.051 


6.74 


c 
o 

fa 


1.35 
2.00 
1.65 
1.80 
2.10 
1.60 
1.40 
1.69 


1.66 


AmCOKIA.- 


Albuminoid. 

• 

1 

• 

► 

■o 

i 

4 

il 

si 

'^ 

H 

Q 

00 

.0016 
.0000 
.0020 
.0024 
.0010 
.0018 
.0016 
.0008 


.0016 


.0130 
.0184 
.0182 
.0154 
.0112 
.0122 
.0108 
.0186 


.0181 


.0122 
.0140 

.0112 

I 
.0126 

.0098 

.0098 

.0078 

.0108 


.0008 

.0044 

i 

.0020 
.0028 


9 

a 

i 

§ 


.0014  {2 

I 
.0024 


.0108 


.0030 
00281 


25 
42 
38 
35 
18 
22 
50 
22 


NiTBOOCV 
AB 


■ 

5 


s 


a 

3 
a 
Q 
O 
O 

0 

g 

M 

o 


a 


.0000.0000  .1240 

I      I: 

.0000.0000  .1771 
.0000  .OOOo!  .1463 

!  • 

.0000  .0001.  .1427 


.0023,2.30 


.OOOO'.OOOO 
.0000.0000 


.0000 
.0000 


.0000 


.0000 
.0000 


.0000 


.1001 
.1348 
.1030 

i 
i.0924 


2.1 
1.4 
1.3 
1.7 
1.6 
1.3 
1.8 
1.6 


.1227  1.6 


Averages  by  Years. 


1887t 

- 

- 

0.08' 

6.72 

1888t 

- 

0.05 

5.98 

1889$ 

- 

- 

0.10 

- 

189011 

- 

- 

0.00 

- 

isoiir 

- 

- 

0.22 

7.64 

1892** 

- 

- 

0.03 

1 

6.84 

1898ir 

- 

- 

0.22 

7.00 

1894tt 

- 

- 

0.05 

6.74 

1.20 
0.98 


2.88 
1.68 
2.02 


.0002 
.0002 
.0031 
.0006 
.0112 
.0004 
.0013 


1.65  ,!.001& 


.0175 
.0168 

.0416 
.0188 
.0688 
.0136 
.0469 
.0131 


.0269 
.0127 
.0817 


.0147 
.0061 
.0271 


.0111  .0025 

I 
.0208  .0261 


.0108 


.0028 


2.20 

.0020 

- 

- 

2.11 

.0048 

.0002 

- 

1.99 

.0036 

.0001 

- 

1.95 

.0025 

.0000 

- 

1.86 

.0076 

.0001 

- 

2^ 

.0033 

.0000 

- 

2.08 

.0026 

.0000 

.2167 

2.30 

.0000 

.0000 

.1227 

1.4 
1.6 
1.6 
1.6 


*  Where  more  than  one  eample  waB  collected  In  a  month,  the  mean  analyala  for  that  month  haa  been 
used  in  making  the  average. 

t  July  to  November.  t  February  to  May.  §  September  to  November. 

II  March  and  April.  IT  Aoguat  to  December.  **  May  to  October. 

ft  June  to  December. 


NoTS  to  analyaee  of  1894:  Odor,  generally  vegetable  or  diaagreeable,  aometimea  none.' 
Bamplee  were  collected  from  the  pond. 


The 
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NANTUCKET, 

Microscopical  Examination  oj  Water  from  Wannaoomet  Pond^  Nantucket. 

[NumlMr  of  orjgvnlMDs  per  enblo  eentlmeter.] 


1994. 


J  ant. 


Jal7. 


Jolj. 


Aof. 


Sept 


Oct 


Nov. 


Ije6« 


Day  of  azamtnatioii. 
Number  of  Munple,  • 


19 
1287T 


11 

81 

9 

8 

6 

8 

12600 

1S08 

18080 

12000 

18088 

18271 

0 

0 

88 

t 

4 

94 

0 

0 

8 

0 

0 

0 

0 

0 

M 

2 

4 

84 

0 

10 

4 

0 

0 

8 

0 

80 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 
18481 


PLANTS. 
Dlatomaoen,     .      • 

CydotellA,  . 
Byaedn,     • 

« 

Algflo.     .       .       .       • 

Chloroooeeoi,    • 
leeiu, 

ANIMALS. 
InftiBorla,    . 

Gentium,   . 

DiDobryon, 

DfnobryoD 

TlBtfamidinm, 
Vorttoella,  . 

Vermes* 

Aonrea, 

Polyarthra, 

Rotifer, 

MUeeUansou$,  . 

Aearina, 
ZoSgloM,     . 

Total, 


1 

0 


0 
0 


0 
5 


18 

0 
10 


681 

0 
0 
680 
0 
1 
0 


3 
2 
260 
0 
0 
0 


pr. 


2 

0 
0 


0 
0 


pr. 


200 

108 

t 

1 

0 

1 

1 

0 

0 

2 

0 

0 

200 

100 

0 

0 

0 

2 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

8 

0 

8 

t 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

1 

2 

182 

0 
7 
lU 
1 
0 
0 


pr. 

pr. 
pr. 


108 

0 
6 
104 
0 
0 
0 


1 

0 

1 


0 

88 

18 

84 

8 

M 

0 

.08 

0 

0 

0 

.02 

0 

88 

10 

84 

0 

24 

.01 
0 


664 

298 

200 

248 

7 

81 

188 


0 
0 


128 
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XATICK« 

Water  Supply  of  Natick. 

Chemical  Examinalion  of  Water  from  Dug  Pond,  NcUick, 

[ParU  per  100,000.] 


I 


11570 

iiaos 

11838 
11070 
12180 
1M66 
12883 
18376 


At. 


Jan.  1 
Feb.  1 
Mar.  1 
Apr.  2 
May  1 
Jaly  2 
Sept.  4 
Not.  6 


Appcabahcc. 


6 

i 

I 


0 


I 


Sllshi. 
V.  alight. 
V.  Blight. 
Slight. 
Slight. 
Distinct. 
Slight. 
Distinct. 


Oons. 

Blight, 
white. 

Blight, 
white. 

Slight. 

Cons., 

white. 
Slight. 

Slight. 

Slight. 


0.10 
0.02 
0.08 
0.18 
0.08 
0.10 
O.IO 
0.10 


0.10 


Rksiddk  on 

EVAPOBA- 

TIOK. 

1 

6.16 

1.05 

5.25 

1.55 

5.70 

1.56 

5.55 

1.10 

5.85 

2.15 

6.55 

2.60 

6.00 

1.70 

5.25 

1.60 

5.64 

1.66 

Ahxovia. 


i 


Albnmlnold. 


« 

I 


5^ 


.0070  .0152 


.0156 
.0058 
.0026 
.0006 


.0136 
.0118 
.0124 
.0156 


.0010  .0184 
.0012.0206 
.0142  .0164 


.0060 


.0155 


.0188 
.0114 
.0900 
.0106 
.0128 
.0160 
.0178 
.0144 


.0182 


.0014 
.0022 
.0028 
.0018 
.0028 
.0024 
.0028 
.0020 


.0023 


c 


.76 
.75 
.81 
.81 
.82 
.77 
.88 
.84 


.80 


NiTIOOBK 
AS 


I 


1 

» 


.0170 
.0150 
.0870 
.0300 
.0470 
.0230 
.0020 


.0000 
.0008 
.0001 
.0002 
.0004 
.0001 
.0000 


.0030.0000 


.0218 


.0001 


a 

a 
m 
a 
e 

a 
& 


.2168 
.1900 
.2400 
.1010 
.2240 
.2156 


8 
I 

m 
2.8 

2.1 
2.6 
2.2 
2.2 
2.6 


.1848  2.2 


.2271 


.2124 


2.3 


2.3 


Averages  by  Tears, 


1887* 

- 

- 

0.14 

5.25 

1.21 

.0080 

1888 

- 

- 

0.18 

6.24 

1.09 

.0070 

1889 

- 

- 

0.16 

5.61 

1.22 

.0044 

1890 

- 

- 

0.14 

5.85 

1.86 

.0027 

1801 

- 

- 

0.09 

5.71 

1.45 

.0085 

1802 

- 

- 

0.06 

,  5.38 

1.24 

.0068 

1893 

- 

- 

0.08 

5.28 

1.89 

.0062 

1894 

- 

- 

0.10 

5.64 

1.65 

.0060 

.0207  .0167 
.0178  .0135 
.0192  .0158 
.0155  .0132 


1 
.70 

.0050 

- 

- 

.66 

.0197 

.oofa 

- 

.71 

1 

.0289 

.0004 

- 

'.72 

.0227 

.0002 

- 

1      1 

.0826 

.0003 

- 

.72 

.0828 

.0001 

- 

.71 

.0108 

.0008 

.2346 

.80 

.0218 

.0001 

.2124 

2.7 
2.4 
2.4 
2.1 
2.3 


*  June  to  December. 


NOTB  to  analyses  of  1894 :  Odor,  generally  vegetable,  sometimes  also  vegetable  or  disagreeable. 
-The  samples  were  collected  from  a  faucet  at  the  pumping  station. 
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NATICK. 


Microscopical  Examination  of  Water  from  Dug  Pond,  Natick. 

[Naoiber  of  oiYaolami  per  enbic  oeDUmeter.] 


ise4. 

Jan. 

Ftb. 

2 
11008 

Mtf. 

Apr 

8 
12180 

July. 

Sept. 

Not. 

Dftj  of  ezaBlnatlont 
KiiiDber  of  Munple, 

2 
11579 

8 
11888 

8 
11070 

8 
12406 

6 
12888 

8 
18276 

PLANTS. 
DlatomaceoB 

ABierloDolla,     .... 
<>elotflUa,        .... 

MokMira 

Bjnodnk 

taballarlA,        .... 

Oysnophyoen.  M  leroeystia, . 

AlflTOD, 

Chloroeoeeus,  .... 
ProloeoMiM,     .... 

Be«ii6d«>«mas 

StAnrogenla,     •       •       .       • 

Fungi,  Crmotlirlx, 

186 

8 
82 
18 
20 
10 

6 

t 
0 

I 

0 

pr. 

29 

0 

14 

14 

1 

0 

0 

0 

0 
0 
0 
0 

0 

28 

2 

13 

12 

1 

0 

6 

pr. 

0 
0 

^'o 
pr. 

0 

1 

0 
0 

1 

0 

876 

6 
M 

280 

0 

80 

0 

0 

0 
0 
0 
0 

1 

966 

19 
100 
040 
120 

70 

6 

42 

0 

88 

1 

8 

0 

1 

9 

6 
0 
0 

.61 

67 

4 
18 
27 
10 

8 

66 

214 

212 
0 
2 
0 

0 

112 

0 

02 

19 

1 

0 

0 

6 

0 
0 
0 
0 

0 

461 

18 

12 

404 

1 
1 

6 

12 

0 
8 
4 
0 

8 

AKIMATJI). 
BhlBopoda,  Sofflyplia, 

InfdBorla, 

DIaobryon  eu6«,     . 
Peridlnliim,      .... 

TTMbekNDODM, 

Crustacean  remains, 

6 

1 
1 

^'o 

6 

0 

0 

0 
0 
0 

0 

6 
pr. 

0 
0 

0 

0 

0 
0 
0 

6 

0 

8 

0 
2 

1 

6 

6 

6 

7 
1 
0 

6 

MitMllantoui,  ZoSglooa, 

0 

1 

0 

16 

66 

28 

60 

6 

Total, 

141 

80 

29 

898 

1,069 

366 

176 

614 

Table  showing  Heights  of  Water  in  Dug  Pond  on  the  First  of  Each  Month  in  1894, 

NoTB.  —  High-water  mark  is  13.0  feet. 


Height  of 
Water. 


Jan.  1 
Feb.  1 
March  1 
April  1 
May  1 
Jane   1 


Feet 
9.33 
10.08 
11.46 
18.12 
13.17 
12.33 


ise4. 


Height  of 
Water. 


July  1. 
Aug.  1, 
Sept.  1, 
Oct.  1, 
Nov.  1, 
Dec.  1, 


Feet 
11.17 
0.75 
8.26 
7.40 
7.17 
8.67 
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NESBHAM. 
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Water  Supply  or  Needham. 


Chemical  Examination  of  Water  from  the  Well  of  the  Needham  Water  Works, 

[Parts  per  100,000.] 


• 

1 

s 

1 

AFPBAKikllOI. 

1 

• 

as 

AmcoKXA. 

Chlorine. 

NrrBooBM 

f 

1 

n 

1 

IS 

0 

1 
1 

1 

1 

mlnokU 

• 

1 

s 

• 

1 

11048 
12009 
18380 

1894. 
Mar.    27 

July    25 

Nov.    26 

None. 
None. 
None. 

None. 
None. 
None. 

0.00 
0.02 
0.02 

5.65 
5.10 
4.80 

.0084 
.0000 

.0006 

1 

.0008 
.0000 
.0008 

.77 

1     .60 

1 

.00 

.1950 
.1100 
.1050 

.0000 
.0000 
.0000 

.0154 
.0000 

.0287 

1 

1.8 
1.4 
1.8 

.0000 
.0030 
.0080 

Av. 

0.01 

6.18 

.0018 

.0005 

.66 

.1867 

.0000 

.0147 

1.7 

.0020 

Averages  by  Years, 


1801* 

- 

- 

0.00 

6.10 

.0022 

.0022 

.72 

.1600 

.0000 

- 

1.7 

18021 

- 

- 

0.00 

6.12 

.0000 

.0001 

.66 

.1400 

.0000 

- 

2.1 

1898 

- 

- 

0.00 

5.28 

.0000 

.0007 

.63 

.1280 

.0000 

.0622 

1.0 

1804 

- 

- 

0.01 

5.18 

.0018 

.0005 

.60 

.1867 

.0000 

.0147 

1.7 

*  Novemb6r. 


t  Jnly  and  Angnat. 


^0072 
.0000 

.0090 


Note  to  analyeea  of  1804:  Odor,  of  the  tooond  eample,  faintly  vegetable,  diaappearlng  on  heattng; 
of  the  other  eamplea,  none.  — —  The  lamplea  were  collected  from  f aaoeta  in  the  town. 


Microscopical  Examination* 


No  organiama. 


Water  Supply  op  New  Bedford. 

The  advice  of  the  State  Board  of  Health  to  the  city  of  New  Bed- 
ford relative  to  taking  an  additional  water  sapply  from  the  great 
ponds  in  Lakeville  may  be  found  on  pages  30-34  of  this  volume. 
Analyses  of  samples  of  water  from  Little  Quittacas,  Great  Quitta- 
cas  and  Long  ponds  are  given  on  pages  252-256.  For  analyses  of 
samples  of  water  from  Assawompsett  and  Elder's  ponds,  which  are 
now  used  as  sources  of  water  supply  by  Taunton ,  see  Taunton. 
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NEVr  BEDFORD. 

Chemdeal  Examination  of  Water  from  the  Conduit  of  the  New  Bedford  Water 
Works. 

[P*rU  ptr  IW.OOO.] 


Averaget  by  Years. 


UK 

int 

u» 

. 

1.« 
LSI 

0.U 

l.IO 

;: 

s.»« 

3.M 

6. OB 

l.«6 

1.T4 
l.Sl 

z.se 

2.  IS 

.QOH 

.MM 

.Mil 

.OlM 
.OMl 
.0292 

.OKI 
.0224 
.01*4 

.(MM 
.OIW 

.OITS 

-ooss' 

.OOM 
.MB3 

.0137 

Mm 

.OWl 

i 

1.0M0 

.ossi 

1.1 

•  Ja»  10  Da«inbai. 

Sim  loaDBlyHB  ol  1<M:  Odor,  gmarull;  dMIoellf  TcgeUble.  toi 

UL Tbe  MiuplM  wen  collaoUd  from  (be  eoodoll  >t  lu  ^mrBDce 

rtprtKnl  nter  (rom  IhaUonta  nunoir.    Wbut  rroin  Llllle  (lull 
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NEW  BEDFORD. 

Microscopical  Examination  of  Water  from  the  Conduit  of  the  New  Bedford  Water 

Works. 

[Namber  of  organlBma  per  cubic  eentlmeter.] 


1894. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jalj 


Jal7 


Aug. 


Sept. 


Oct 


Not. 


Dee. 


Day  of  ezaminaUon,    . 
Namber  of  sample, 


26       27 
11676 1180(M 


30 
11065 


24 
12088 


23 
12266 


2 
12448 


26 
12608 


22 


27 


24 


1278413081 


28 


13187;i3381 


27 

13548 


PLANTS. 
Dlstomsceed,  Bynedm, 

Oysnophyceae, 

Merlsmopedia, 
Microcystis,  . 

AA,flvot  .        •        • 

OhloroooccQS, 
Protoooecos,  . 

Fungrli  Crenothriz,  . 


0 

0 
0 


0 
0 

pr. 


0 

0 
0 


0 
0 


pr. 

86 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

M 

to 

0 
0 


0 
0 


8 

8 
0 

n 

20 

0 

15 


2 

0 

0 

1 

4 

448 

14 

0 

8 

0 

448 

14 

0 

0 

0 

0 

0 

0 

8 

0 

4 

n 

0 

8 

0 

4 

0 

0 

8 

0 

0 

72 

0 

0 

0 

18 

9 

4 

7 

4 

0 

0 
0 

0 

0 
0 


ANIMALS. 


InftLSorls, 


Dinobryon,    . 
Dinobryon  cases,  . 
G-ienodlnlum, 
Peridinlum,    . 
Trachelomonas,     . 


21 

6 
14 
0 
2 
0 


12 

6 

7 

0 

pr. 


0 
1 
2 
0 
0 


0 
0 
0 
0 

0 


1 

0 

1 

0 

0 
0 


0 

0 
0 
0 
0 
0 


0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 
0 
0 
0 
0 


MUeeilansouM,  Zo3gl<Ba,     . 

80 

8 

42 

440 

84 

15 

28 

84 

15 

18 

128 

0 

Total, 

68 

20 

46 

660 

06 

68 

500 

170 

22 

40 

136 

0 

Chemical  Examination  of  Water  from  Little  Quittaccu  Pond,  LakemUe. 

[ParU  per  100,000.] 


• 

d 

1 

1 

1 

Appsakabcc. 

RcsinuB  OH 

EVAPOBA- 
TIOV. 

AjacomA. 

.46 
.48 

.60 
.40 

.48 

Nrraoasv 

AS 

a 

1 

1 

■ 

1 

a 
1 

• 

1 

^1 

» 

Albamlnold. 

• 

f 

i 

s 

• 

• 

1 

il 

4 

CO** 

i 

e 

11067 
12446 

18029 
13647 

1894. 

Mar.  27 
June  28 

Sept.26 
Dec.  26 

Slight. 
Distinct. 

V.  slight. 
V.  Blight. 

Slight. 
Blight, 

green. 
Oona. 
V.  slight. 

0.12 
0.20 

0.18 
0.20 

2.76 
3.06 

2.96 
2.90 

0.80 
1.05 

1.00 
0.06 

.0000 
.0002 

.0004 
.0000 

.0002 

.0162 
.0186 

.0168 
.0166 

.0118 
.0168 

.0120 
.0142 

.0137 

.0084 
.0018 

.0038 
.0024 

.0028 

.0030 
.0000 

.0000 
.0000 

.0000 
.0000 

.0000 
.0000 

.0000 

.3466 
.3426 

.2787 
.2618 

0.8 
0.6 

0.5 
0.8 

Av. 

jo.is 

2.01 

0.06 

.0166 

.(M08 

.8074 

0.7 

Averages  by  Years. 


1887* 
1888t 
1808 
1894 


0.23 
0.15 
0.11 
0.18 


2.02 
3.00 
3.02 
2.01 


1.16 
1.16 
1.23 
0.05 


.0003 
.0008 
.0016 
.0002 


.0149 
.0171 
.0166 
.0165 


.0128  .0028 
.01371.0028 


.51 
.48 
.48 
.48 


.0036 
.0035 
.0025 
.0008 


.0001 
.0000 
.0000 


.2004 
.3074 


0.6 
0.7 


*  Jane  and  September. 


t  January  and  May. 


NoTB  to  analyses  of  1804:  Odor,  vegetable. The  samples  were  oolleoted  from  the  pond,  about 

800  feet  from  the  southerly  shore. 
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NBW  BEBFOBD. 

MieroseopicfU  Examination  of  Water  from  LitUe  Quittacas  Pond,  LakeviUe. 

[Number  of  organlimft  per  eoble  eenttmeter.] 


19M. 


Maroh. 


JDI7. 


Dmy  of  examination. 
Number  of  iample, 


80 

11067 


S 
18440 


Sept. 


36 
18029 


Dec. 


27 
18647 


PLANTS. 


DiatomsceeB, 

Aatcrlonella, 
Cyclotella, 
Fragilarla, . 
Syoedra,    . 
TabeUaria, 


CyanopbyceeB,  Anab«ia, 


Chlorocoecaa, 
Protococeus, 


144 


80 

438 

86 

0 

2 

0 

80 

6 

6 

pr. 

0 

8 


4S8 


8 

0 


0 
1 
0 

1 

0 


0 
0 


0 

1 

0 

1 

0 


0 
0 


ANIMALS. 


Inftisorlat 


Dlnobryon 

Perldintam, 

Traehelomonas, 


Crustacea,  Oyelopc, 


68 
pr. 

0 


.01 


0 

28 

pr. 


0 
1 


.01 


0 
0 
0 


MUcellansout, 

Aearlna, 
Zo^gtoa, 


.03 
8 


0 
34 


17 

0 
17 


0 
0 


Total, 


388 


484 


40 


Table  showing  Heights  of  Water  in  Acushnet  Reservoir  and  Little  Quittcu^as  Pond 
on  Dates  when  Samples  of  Water  were  collected  Jor  Analysis, 


1S94. 


Jan.  24, 
Feb.  26, 
March  27, 
April  23. 
May  21, 
June    28, 


Acaabnet 
Reterrolr. 

Distance  be- 
low High- 
water  Mark. 


Uttle  Quit- 
Pond. 


Distance  be- 
low High- 
water  Mark. 


Feet. 
1.42 
0.76 
0.88 
0.83 
1.38 
1.50 


18»4. 


Jiriy  24, 
Aog.  JM), 
Sept.  25, 
Oct.  23, 
Nov.  27, 
Dec.  26, 


Acuihiiet 
Keaerroir. 

Distance  be- 
low High- 
water  Mark. 


LitOe  Quit- 
tacas Pond. 

Distance  be- 
low High- 
water  Mark. 


Feet. 

Feet. 

0.76 

2.33 

1.00 

3.67 

0.60 

5.60 

0.76 

6.00 

0.17 

3.67 

0.00 

0.68 
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Chemical  ExanUnaiion  of  Water  from  Oreai  Quittaeaa  Pond,  LakeviUe. 

[P.rU  per  100.000.] 


1   1      .,™^. 

i 

""S"-" 

Ano.,^. 

1 

«™.„ 

1 

1 

1 

■} 

i 

i 

.1 

>i 

1 

i 

1 

lUM 

UDM 

At. 
At. 

S.ID 
3.30 

E 

.OOOfl 

.wot 
.0000 

.OITJ 

:::::: 

.M 

.0030 
.0000 

.ooaa 
.oon 

1 

.B00« 
.4004 

1 

0^ 

Its  HmplH,  July  to  SapumlMr. 
iinplt  Doi  u  itroDf  H  or  the  0 


Mierosoopieal  EmmituUion  of  Water  from  Orent  QuiUacas  Pond,  Lakeville. 

(NomlHr  of  oifuiluDi  p«r  onblo  oeatlmMer.] 


IBM. 

M^. 

4nlr. 

S«vUimber. 

>0 
IIUO 

13447 

» 

PLANTS. 

III 

103 

to 
t 

9 

11 

4 
ID 

a 

OydotaU.,    : 

s 

a  . 

ANIUALB. 

> 

0 

0 

a 

It 

K^o":."^.   :::::::; 

1 

*(«*«««»•.  ZoBjl™ 

t 

ID 

I 

TMit. 

.4. 

37 

u 
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NBW  BEDFORD. 

€^emio(d  Examination  of  Water  from  Long  Ftmd^  LakevUk. 

[FtfU  p«r  100,000.] 


u 

a 

B 


a 

I 

6 


i 


I 


119U  Mar.  27    V.  ■light. 


12445  Apr.2B 
13030  8«pt.25 
13M6   D«e.SB 


V.  slight 
V.  alight 
V.ilight. 


At. 


Slight. 
V.iUght. 


Blight. 


Rbudub  oil 

EVAPOBA- 
TIQII. 


I 


1.05 
1.20 


4.00 
4.10 


Slight.      0.66 '  2.00 


1.20 


1.00 


4.20 


3.80 


1.T6 
2.S0 
1.40 
2.80 


l.M 


Ammovia. 


i 


Albuminoid. 


.0006  .OlM 


.OOQp 


.01T8 


.00<H>  .0164 


.0000 


.0282 


.0160 
.0100 
.0188 
.0200 


.0010, 
.0018 
.0016: 

.003J 


44 

.46 
.40 

58 


.OOC'2  .OlRa  .0162  .0021 

I     I     I     n 


47 


NlTBO«B« 


• 


I 


.0080 
.0000 
.0020 
.0000 


.0000 
.0000 
.0000 
.0000 


I 


.00100 


OOIS.OOOO 


1. 

.9426 

.6221 

1.1442 


.0026 


.0 
0.8 
0.5 
0.6 

0.6 


Averages  by  Years. 


1801* 

- 

- 

0.66 

8.16 

l.tt 

.0000 

.0180 

.0114 

.0010 

.40 

.0020 

.0000 

18081 

- 

- 

0.86 

3.06 

1.02 

.0000 

.0106 

.0144 

.0082 

1 
.4S 

.0018 

.0000 

1804 

- 

- 

1.00 

8.80 

l.M 

.0002 

.0188 

.0102 

.0021 

1 

.0018 

.0000 

-     0.8 

.78120.8 

I 
.9026.0.6 


*  DMMBber,  two  MinplM. 


t  July  to  6«ptMnb«r»  &▼•  Mmplw. 


Hon  to  AoalyMs  of  1894:  Odor,  difltlDotly  Togolahlo. The  MunplM  woro  oolloeCed  from  tho 

mlddlo  of  the  OMtoilj  eovo,  at  tho  aonthorly  end  of  the  pond,  aboot  1,000  fbet  from  ehore. 
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SISW  BEDFORD. 

Microscopical  Examinaiion  of  Water  Jrom  LoTtg  Pond^  LaheviUe, 

[Nambar  of  orKanismi  par  enbio  eentlmeter.] 


ISM. 

March. 

Jaly. 

September. 

December. 

Day  of  ezamioatioo. 
Number  of  aample, 

PLANTS. 
DiatomaoeaB,    . 

Asterionella,     . 
Meloeira,    .... 
Navicala,  .... 
Bynedra 

OyanophyoecB,  Microeystli, 

Alfir» 

Ohloroooccas,    . 
Protoooccns, 

ANIMALS 
Infusoria 

Dlnobryon  oasea, 

Peridloiam, 

Traohelomonaa, 

VermeSa  Anurea, 
MUcellaneoit9,  ZoSgloea, 
Total 


11 

7 

0 

ft 

6 
0 

1 

7 
pr. 

0 
0 
0 
0 

0 

5 

7 

14 

8 

0 

4 

10 

8 
0 

0 
0 

0 
0 

2 
8 


0 
0 


64 

1 

14 

64 

pr. 

0 

0 

pr. 

14 

0 

1 

0 

0 

pr. 

1 

0 
0 
0 


14 


92 


88 


36 


Water  Supply  op  Newbubtport.  —  NEWBUBrpoRT  Water 

Company. 

The  reply  of  the  State  Board  of  Health  to  an  application  of  the 
Newburyport  Water  Company  relative  to  increasing  its  sources  of 
water  supply  by  taking  water  from  wells  to  be  located  upon  the 
banks  of  the  Artichoke  River  in  Newburyport,  may  be  found  on 
pages  34  and  35  of  this  volume.  Analyses  of  samples  of  water  col- 
lected from  test  wells  in  the  region  in  which  it  was  proposed  to 
locate  the  wells  may  be  found  on  page  259. 

The  reply  of  the  State  Board  of  Health  to  an  application  of  the 
Mayor  of  Newburyport  for  its  opinion  as  to  the  probable  efficiency 
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NKWBUBYPOBT. 

of  a  filter  constmcted  by  the  Newburyport  Water  Company  for  the 
filtration  of  water  from  the  Merrimack  River,  and  as  to  whether  the 
river  water  thus  filtered  would  be  safe  for  drinking  in  the  public 
schools  or  by  the  citizens  of  Newburyport,  may  be  found  on  page 
34  of  this  volume. 


Chemical  ExamincUion  of  W<Uerfrom  a  Faucet  in  Newburyport^  supplied  Jrom  the 

Works  of  the  Newburyport  Water  Company. 


[Parte  per  100,000. 

1 
1 

1 

ArrXABAVCB. 

« 

Ammowia. 

NiTBoeax 

Aa 

• 

1 

eS 

• 

8 

m 

1 
a 

a 
9S 

Date  of 
Coll 

1> 

«i 

• 

j! 

1 

^ 

1 

1 

• 

1 

n 

• 

e 
S 

1M4 

i. 

llMl 

Jan. 

16 

V.aHght, 
milky. 

V.  alight. 

0.10 

6.00 

.0000 

.0014 

.U 

.0200 

.0000 

.0156 

2.6 

.0820 

IITM 

Feb. 

14 

aUght, 
milky. 

None. 

0.10 

5.60 

.0000 

.0026 

.u 

.0200 

.0000 

.0852 

2.1 

.0600 

11»T 

If areh  14 

Slight, 
milky. 

Sttght. 
gieen. 

0.15 

5.90 

.0006 

.0064 

.80 

.0120 

.0000 

.1820 

1.7 

.0480 

12M2 

April 

17 

IMMinet, 

V.aUght, 
white. 

0.10 

5.80 

.0002 

.0052 

.62 

.0120 

.0000 

.1181 

2.2 

.0420 

milky. 

12223 

May 

U 

SUgbt. 

SUght. 

0.05 

5.00 

.0000 

.0050 

.42 

.0060 

.0000 

.0020 

2.1 

.0140 

vm\ 

Juno 

10 

Slight. 

Slight. 

0.07 

5.80 

.0006 

.0044 

.47 

.0070 

.0000 

.1008 

2.8 

.0170 

msa 

jQly 

17 

Slight. 

Slight 

0.12 

5.70 

.0000 

.0042 

.60 

.0060 

.0000 

.0647 

2.5 

.0840 

mfls 

Aug. 

16 

Rllgbt, 
mUky. 

V.attght. 

0.20 

8.00 

.0000 

.0048 

.44 

.0050 

.0000 

.1155 

2.8 

.0600 

13963 

Sept. 

18 

SUgb^ 
mUky. 

None. 

0.90 

7.80 

.0000 

.0026 

.48 

.0200 

.0000 

.0608 

2.8 

.0800 

13143  ;  Ocl. 

10 

Slight, 

None. 

0.20 

0.70 

.0000 

.0064 

.48 

.0080 

.0000 

.1610 

2.6 

.0200 

mUky. 

13342 

Not. 

20 

V.  alight. 

V.  alight. 

0.12 

6.00 

.0002 

.0028 

.51 

.0180 

.0000 

.0706 

2.5 

.0850 

13912 

I>ee. 

18 

Slight. 

V.  alight. 

0.10 

5.80 
6.00 

.0000 

.0014 

.46 
.46 

.0260 
.0188 

.0000 

.0200 

2.8 
2.8 

.0220 

At. 

0.18 

.0001 

.0080 

.0000 

.0860 

.0808 

Averages  by  Tears. 


- 

1887-88* 

- 

- 

0.08 

6.89 

.0004 

1 
.0082  : 

1 

0.46 

.0812 

.0001 

• 

• 

- 

- 

1898 

- 

- 

O.ll 

8.60 

.0018 

.0048 

8.44t 

.0178 

.0000 

.1801 

2.7 

.0164 

- 

1804 

- 

- 

0.18 

6.00 

.0001 

.0080 

1 

0.46 

.0188 

.0000 

.0860 

2.8 

.0808 

•  Jooe,  1887,  to  May,  1888. 

t  The  very  high  chlorine  preaent  in  the  water  in  1808  waa  dae  to  the  nae  at  tlmea  of  water  from  the 
Keirimack  RiTor  whioh  contained  a  amall  amonnt  of  aea  water. 


NoTB  to  analyaea  of  1804:  Odor,  of  Noe.  12223  and  13143,  aromatic;  of  Noa.  12801,  12556,  fhintly 
vegetable;  of  the  other  aamplea,  none.  A  diatlnetly  anpleaaant  oily  odor  waa  developed  in  No.  11807  on 
heating.-— -The  aamplea  were  collected  from  a  faucet  at  No.  2  State  Street. 
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NIEWBUBYPOBT. 

MicroscopiecU  Examination  of  Water  from  a  Faucet  in  Newburyport,  supplied  from 

the  Works  of  the  Newburypori  Water  Company. 

[Naml>er  of  organtoiuB  per  anblo  oeotlmeter.] 


1S»4. 

Jan. 

Feb. 

ICar. 

Apr. 

May. 

Jane. 

Jnly. 

Aug. 

Sept. 

Oct 

Not. 

Dec. 

Dmy  of  examination,  . 

18 

15 

16 

18 

16 

21 

18 

16 

20 

17 

22 

24 

Number  of  aanple,     . 

llMl 

117M 

11807 

1S062 

12288 

12801 

125S6 

12763 

12088 

18148 

18842 

18512 

PLANTS. 

DlatomaoeeB, 

0 

0 

16 

4 

10 

4 

0 

0 

6 

1 

6 

1 

Bynedra, 

0 
0 

0 
0 

2 
16 

0 

4 

8 
T 

4 
pr. 

0 
0 

0 
0 

8 
8 

0 

1 

0 
6 

0 

1 

Alff»,  Protoeooene, . 

6 

0 

0 

• 

0 

0 

7 

0 

0 

0 

0 

0 

1 

ANIMALS. 

InftLBoria, 

0 

0 

78 

0 

in 

pr. 

86 

0 

0 

404 

V 

2 

Dinobryon,  . 
Dlnobryon  eaaea, . 
Glenodlnlnm, 
Mallomonaa, . 
Peridlninm,  . 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

14 
64 

0 
0 
0 

0 
0 
0 
0 
0 

2 

106 

16 

0 

2 

0 
0 
0 
0 
pr. 

0 
0 
0 
86 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

400 

0 

0 

4 

z 

18 
0 
0 
0 

0 
2 
0 
0 
0 

Mi9ceUaiuou$,  Zo<Sgl«Ba,    . 

0 

0 

0 

4 

to 

6 

0 

0 

7 

0 

0 

0 

TOTAIt  .... 

0 

0 

*06 

8 

162 

17 

80 

0 

18 

406 

27 

4 

*  Dlelniegrated  remaina  of  aome  organlam  were  preeeni  in  large  nnmbera  in  thla  sample. 
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(Jhemfioi  ExamifuUion  of  Water  from  WeUa  in  the  Valley  of  Artichoke  Biver,  Eaet 

of  the  Old  Newbury  Roadj  Newburyport. 

[Fut»  per  100,000.] 


a 

s 


^5 


12172 
13473 
12487 
13188 
12480 
1S4M 


July 
Jaly 
Joly 
Joly 
Jnly 
July 


6 


Afpbabamob. 


a 


i 


Decided  t 

mlUiy. 
Decided, 

mUky. 
DtoODCt, 

milky, 
aught. 

milky. 
V.allfht, 

milky. 
V.ellgbt. 


Heavy, 

Clay. 
Heavy, 

■andy. 
SUglm 

maty. 
Slight, 

maty. 
Blight, 

maty. 
V.  alight. 


0.02 
0.08 


a 


I 


o 
e 


13.10 
5.10 


AMMOnA. 


I 


,1 


.0013 
.0004 


.0002 
.0002 


.44 

.80 
.84 

2.10 
.41 

1.15 


Hnaoeav 

Aa 


» 


I 


.0000 

.0200 


.0000 
.0000 


a 

0 


.0000 

.0000 


m 

i 

a 

I 


I 


0.4 
2.1 


.0100* 

.0000* 

(.1700 
.1400* 
.5400 
.1700* 
.0550 
.0550* 

.0070 


*  In  each  of  theae  eaaea  the  amount  of  Iron  waa  determined  after  the  water  had  been  filtered  tbrovgh 
filler  paper. 

Odor  of  the  Oral  two  aamplee,  diatlnetly  earthy.  —  The  aampleai  with  the  ezeeptlon  of  the  laat,  were 
collected  from  tubular  teat  wella.    The  laat  aample  waa  oolleeted  from  an  old  well  lined  with  a  atone 

earblng. 


Watbb  Supply  op  Newton. 

The  works  for  obtaining  ground  water  for  the  supply  of  the  city 
of  Newton  were  extended  again  in  1894,  the  extension  in  this  case 
being  made  in  a  direction  away  from  the  river,  whereas  previous 
works  were  nearly  parallel  with  the  river.  Beginning  at  the  upper 
end  of  the  system  already  in  existence,  the  extension  is  a  brick  con- 
duit for  a  distance  of  90  feet,  and  beyond  this  conduit  a  double  line 
of  24-inch  drain  pipe,  laid  with  open  joints,  excepting  at  places 
where  poor  material,  such  as  mud  or  quicksand,  was  encountered, 
where  the  joints  were  cemented.  In  places  where  there  was  a 
stratum  of  coarse,  water-bearing  gravel  beneath  the  stratum  in 
which  the  conduit  was  laid,  2^-inch  wells  were  driven  on  either  side 
and  connected  with  it.  The  conduit  is  embedded  in,  and  covered 
with  screened  gravel,  forming  a  layer  2^  feet  in  thickness  all  around 
it.  The  total  number  of  wells  connected  with  the  conduit  is  52, 
and  their  average  depth  is  about  35  feet.  The  total  length  of 
new  conduit,  including  the  brick  section  already  mentioned,  is 
3,268  feet,  and  as  the  works  previously  constructed  had  a  length 
of  2,795  feet,  the  total  length  of  filter-gallery  or  conduit  is  now 
7,050  feet. 


260 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


NEWTON. 

ChemiccU  EzaminaUon  of  Water  from  a  Faucet  at  the  Newton  Water  Works 

Pumping  Station, 

[Parte  per  100,000.] 


• 

Appxaeakob. 

• 

Ammonia. 

NiTEOoxir 

m 

1 

xS 

AS 

s 

s 

p.; 

«J 

•o 

• 

a 

s 

Date  of 
Cc 

1 

a 

1 

.1 

s 
1 

s 

1 

1 

8 

1 

1894. 

11770 

Feb.     10 

None. 

None. 

0.00 

8.36 

.0000 

.0008 

.40 

.0180 

.0000 

.0804 

2.0 

.0085 

12273 

SCay     22 

V.iUgbt. 

Com., 
rusty. 

0.02 

6.85 

.0000 

.0020 

.36 

.0200 

.0000 

.0406 

3.2 

.0600 

12415 

Jane    21 

None. 

None. 

0.06 

4.80 

.0000 

.0014 

.86 

.0160 

.0000 

.0539 

2.2 

.Oj55 

12667 

Jnly     18 

None. 

None. 

0.02 

6.80 

.0000 

.0022 

.40 

.0100 

.0000 

.1116 

2.2 

.0100 

12764 

Aug.    16 

Slight, 
milky. 

Slight. 

0.06 

6.26 

.0004 

.0022 

.84 

.0150 

.0000 

.0486 

3.0 

.0040 

13001 

Sept.    10 

None. 

None. 

0.02 

6.50 

.0000 

.0030 

.42 

.0100 

.0000 

.0462 

3.3 

.0060 

13108 

Oct.     18 

V.  slight. 

V.eUght. 

0.04 

6.00 

.0000 

.0086 

.41 

.0100 

.0000  ' 

.0671 

2.3 

.0000 

13324 

Nov.    10 

None. 

V.  slight. 

0.02 

6.50 

.0002 

.0026 

.47 

.0120 

.0000 

.0462 

2.0 

.0070 

13487 

Dec.    17 

None. 

None. 

0.08 

5.00 

.0000 

.0014 

.42 

.0220 

.0000 
.0000 

.0447 

1 

2.3 

2.7 

.0030 

Av. 

0.03 

5.00 

.0001 

.0021 

1 

.40 

j 

.0157 

.0642 

.0110 

Averages  by  Fears, 


.m 

1887* 

- 

- 

0.00 

4.07 

.0006 

.0070 

.38 

.0047 

- 

j 

1 

- 

- 

1888 

- 

- 

0.01 

4.64  1 

.0009 

.0111 

.86 

.0072 

.0001 

1 

- 

- 

1889 

- 

- 

0.00 

3  .A3 

.0002 

.0061 

.30 

.0126 

.0001 

- 

- 

- 

- 

1800t 

- 

- 

0.00 

- 

.0000 

.0014 

.32 

.0250 

.0001 

- 

- 

- 

- 

18911 

- 

- 

0.00 

4.25 

.0002 

.0072 

.31 

.0250 

.0000  , 

- 

1.8 

- 

- 

1802 

- 

- 

0.02 

5.13 

.0006 

.0028 

.86 

.0190 

.0001 

- 

2.4 

- 

1898 

- 

- 

0.03 

6.08 

.0004 

.0019 

.38 

.0194 

.0000 

'.0866 

2.3 

.0119 

- 

1894 

- 

- 

0.03 

6.99 

1 

.0001 

.0021 

.40 

.0157 

.0000 

.0642 

1 

2.7  i.OllO 

1 

*  June  to  December. 


t  February. 


NoTS  to  analyses  of  1894 :  Odor,  none. The  samples  were  collected  from  a  faucet  at  the  pomp* 

ing  station. 

Analyses  for  the  years  1887  to  1890,  inclusive,  represent  water  drawn  from  an  open  Alter-basln.  In 
1890  the  works  for  collecting  ground  water  were  enlarged  by  the  construction  of  a  long  wooden  Alter - 
gallery,  reinforced  by  tubular  wells.  A  portion  of  this  gallery,  782  feet  In  length,  replaced  an  equal 
portion  of  the  old  open  filter-basln.  In  1892  the  remaining  portion  of  the  open  filter-basin  was  replaced 
by  an  extension  of  the  filter-gallery,  and  after  December  of  that  year  the  water  pumped  for  the  supply 
of  the  dty  was  not  exposed  to  light  at  any  point.  In  1894  the  works  were  again  enlarged,  as  described 
above. 
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NEWTON, 

Microscopical  Examination  of  Water  from  a  Faucet  at  the  Newton  Water  Works 

Pumping  Station, 

[NnmlMr  of  orgasismt  per  eabto  oeDtlmeter.] 


1S94. 

F«^ 

20 
11779 

Umy, 

24 
12273 

Jone 

28 
12416 

Jnlj. 

Aug. 

Sept 

21 
18001 

Oct. 

19 
18188 

Not. 

Dec. 

NvmlMr  of  mnple, 

18 
J2667 

12764 

20 
18824 

18 
18487 

PLANTS. 
Fon^,  Cronothiiz, 

t 

104 

0 

8 

0 

0 

0 

0 
0 

1 

MUedlansofua,  Zo9gkn,         .... 

1 

4 

0 

0 

4 

10 

0 

0 

TOTAI., 

8 

106 

0 

8 

4 

10 

0 

0 

1 

Okemieal  Examination  of  Water  Jrom  the  Covered  Distributing  Reservoir  of  the 

Newton  Water  Works, 

[Peru  per  100,000] 


I 


11780 
12274 
12416 
12SM 

mi& 

13002 
13109 
13323 
18188 


At. 


a 
% 

u 

M 


Feb. 
May 

Jane 

July 

Aug. 

Sept. 

Oek 

Not. 

Dec. 


19 
22 
21 
18 
16 
19 
18 
19 
17 


APTBABAXOB. 


None. 

None. 

V.elicht. 

Dletinet. 

V.eHgJit. 

V.eUght. 

DieUncfc, 
milky. 
Slight. 

V.  Blight. 


I 


SHght. 

V.elight. 

V.ettght. 

Gone., 

brown. 
SHght, 

eerthy. 
Gone., 
yeUowleh. 
Sllsht, 

flBroae. 
Cone., 

derk. 
Cone. 


I 


0.02 
0.03 
0.03 
0.00 
0.04 
0.04 
0.07 
0.08 
0.03 


0.08 


o 
o 
s 


6.90 
6.70 
6.40 
7.60 
7.66 
7.00 
7.10 
6.40 
6.40 


6.44 


Ammobia. 


I 

.s 
|a 


.0000 
.0000 
.0002 

.0002 
.0000 

.0002 
.0002 
.0000 
.0008 


.0002 


.0014 
.0012 
.0020 
.0070 
.0026 
.0080 
.0080 
.0002 
.0070 


a 


.0088 


.40 
.87 
.36 
.88 
.88 
.84 
.U 
.48 
.40 

.40 


NITIOOBB 

Ae 


i 


r^ 


.0120 
.0200 
.0180 
.0160 
.0200 
.0100 
.0060 
.0180 
.0180 


.0149 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


J 


8 


.0000 


• 

& 


.0440 

2.9 

.0408 

2.2 

.0616 

2.7 

.0799 

2.9 

.0024 

3.6 

.0639 

3.1 

.0766 

3.1 

.0976 

3.2 

.0664 

2.3 

.0680 

2.9 

.0210 
.0180 
.0006 
.0760 
.0080 
.0000 
.0600 
.0600 
.0780 

.0862 


Averages  by  Tears, 

- 

1802 

- 

- 

0.03 

6.40 

.0022 

.0088 

.86 

.0246 

.0008 

- 

8.0 

.0242 

- 

1898 

- 

* 

0.04 

6.40 

.0000 

.0027 

.88 

.0220 

.0000 

.0878 

8.0 

.0196 

- 

1894 

- 

0.03 

6.44 

.0002 

.0088 

.40 

.0149 

.0000 

.0680 

,  2.9 

.0352 

Non  to  analyeeB  of  1804:  Odor  of  No.  18169,  Tery  f^tly  Tegetable;  of  No.  18828,  dletlnot  and 
nnpkieent:  of  the  other  eamplee,  none.  In  Jaly  e  dietlnotly  oily  odor  wee  doTeloped  on  heating,  and 
in  Deoeniber  a  dletinetly  mapleBeent  odor.— The  leaipleB  were  ocrileoted  from  the  reeerrofar. 
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NEWTON. 

Microscopical  Examination  of  Water  from  the  Covered  DisiribtUing  Reservoir  of 

the  Newton  Water  Works. 

[Number  of  organleme  per  cable  centimeter.] 


1S94. 

Feb. 

May. 

Jane. 

Jaly. 

Ang. 

Sept 

Oct 

Not. 

Dec 

Day  of  ezeminetion, 

Number  of  aample,  ...... 

20 
11780 

24 
12274 

28 
12410 

18 
126M 

16 
12766 

21 
18002 

19 
18169 

20 
18328 

18 
18488 

PLANTS. 
FonerifCrenothriz, 

40 

8 

7 

81t 

84 

11 

9 

1 

44 

MUcellaneoM,  ZoUgloMt 

10          0 

0 

60 

0 

tt 

0 

0 

0 

Total 

60 

8 

7 

872 

84 

68 

9 

1 

44 

Chemical  Examination  of  Water  from  the  Main  Underdrain  of  the  Hyde  Brook 

Division  of  the  Newton  Sewerage  System. 

[Parte  per  100,000.] 


Date  of 

Collection. 

Appbakahob. 

• 

1 

AmfOMiA. 

Chlorine. 

NiTBOCIBV 
A8 

Oxygen 

Contnmed. 

• 

1 

1 

• 

j 

None. 

• 

6 

i 

Alba- 
mlnold. 

• 

1 

• 

1 

11912 

18M. 

Mar.    19 

V.aUght. 

0.00 

1 

;  22.90 

.0070 

.0082 

2.33 

1.0000 

.0004 

.0407 

8.7 

.0060 

12584 

July    18 

None. 

V.  Blight. 

0.06 

30.80 

.0062 

.0022 

3.00 

.9800 

.0021 

.0116 

0.0 

.0060 

18806 

Not.   14 

V.  alight. 

Slight 

0.03 
0.08 

26.10 

.0192 

.0048 

2.6S 

1.0600 

.0011 

.0741 

10.0 
0.2 

.0000 

Av. 

20.27 

.0106 

.0034 

2.67 

1 
.9933 

.0012 

.0461 

.0088 

Averages  by  Years, 

- 

1801* 

- 

- 

0.00 

26.05 

• 

.0200 

.0086 

8.16 

1.6000 

.0060 

- 

10.7 

- 

- 

1802 

- 

- 

0.00 

27.08 

.0126 

.0029 

3.18 

1.1606 

.0016 

- 

10.1 

.0062 

- 

1893 

- 

- 

0.08 

26.43 

.0140 

.0037 

2.48 

.9660 

.0018 

.0040 

9.4 

.0099 

- 

1894 

- 

- 

0.08 

26.27 

.0106 

.0034 

2.67 

.9933 

.0012 

.0461 

9.2 

.0063 

*  December. 

NoTB  to  analyeee  of  1894:  Odor  of  the  first  and  eeoond  samplee,  none;  of  the  third,  faintly  moaty, 
diaappearing  on  heating. The  aamplee  were  collected  from  the  nnderdrain,  at  Ite  outlet. 


Microscopical  Examination, 

No.  11912.    Fungi,  OrenothriXt  3.    Miecellaneoui,  Zadglaa^  8.    Total,  11. 
No.  12684.    Fungi,  Orenothrix^  8.    Misoellaneoue,  ZodgUmit  18.    Total,  21. 
No.  18306.    Fungi,  Orenothrix,  3.    Miaocllaiieoua,  ZoOglmot  62.    Total,  66. 
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NEWTON. 

Chemical  ExaminaUon  of  Water  Jrom  the  Main  Underdrain  of  the  Cheesecake 

Brook  Division  of  the  Newton  Sewerage  System. 

[Parte  per  100,000.] 


• 

i 

1 

ArPKAKASCB. 

1 

1 

Ammonia. 

• 

NITIOOBX 

Ae 

■ 

r 

• 

1 

n 



• 

1 

a 
'A 

• 

» 

«i 

■ 

1 

• 

< 

1 

■ 

5 

'A 

V 

11911 

Mar.  19 

Dietinct. 

iJone., 
yellow. 

0.08 

18.90 

.0102 

.0022 

1.26 

.2200 

.0001 

.0474 

7.7 

.0920 

12686 

Jaly   18 

V. 

aUght. 

V.  alight. 

0.03 

20.60 

.0188 

.0024 

2.40 

.6600 

.0080 

.0386 

7.1 

.0100 

13306 

Not.  14 

V. 

alight. 

V.  alight. 

0.00 

22.10 
20.63 

.0606 
.0266 

.0074 
.0040 

2.61 

.8000 
.6667 

.0008 

.0608 

8.0 
7.9 

.0000 

At. 

18M 

1 

0.04 

2.06 

.0030 

.0480 

.0840 

At. 

18B8« 

■ 

0.08 

16.83 

.0076 

.0016 

1.61 

.3226 

.0006 

.0217 

6.0 

.06SD 

*  Jaly  to  December. 

"Svrm  to  analyaee  of  1804:  Odor  of  the  flret  and  aeoond  aamplea,none;  of  the  third,  decided. 

The  eamplea  were  collected  from  the  underdrain,  at  Ite  outlet. 

Microscopical  Examination, 

No.  11911.    Fnngl,  Orenothrix,  480.    Miacellaneone,  ZodgUaa,  2.    Total,  482. 
No.  12S85.    Fnngi,  Orenothrix,  108.    Hlaeellaoeoaa,  Zodglaa,  13.    Total,  121. 
No.  18900.    Diatomaceas,  Melotira,  4.    Puogi,  Cfrenothrixt  6.    Total,  9. 

Chemical  Examination  of  Water  frotn  the  Main  Underdrain  Beneath  the  Laundry 

Brook  Valley  Sewer^  Newton. 

[Parte  per  100,000.] 


Dtteof 

CoUeetlon. 

APPaABAXOB. 

• 

Is 

Ammovia. 

1.68 

1.60 

1.76 
1.68 
1.61 

NlTBOOXX 

Aa 

—            _ 
• 

1^ 

i 

■H 
S 

i 

a 

a 

* 

i 

S 

4l 

i 

1 

1 

« 

< 

• 

1 

s 

• 

i 

11918 
12683 
18304 

1894. 

Mar.    19 

Jaly    18 
Nov.    14 

DtMlnet. 

Slight. 

Slight. 

Cone., 
yellow. 

Slight, 
yellow. 

Cone. 

0.08 

0.03 

0.01 
0.04 
0.08 

17.20 
18.00 
16.60 

.0098 
.0102 
.0108 

.0020 
.0012 
.0024 

.4000 

.8600 

.3800 
.3767 
.3600 

.0003 
.0010 
.0002 

.0790 
.0308 
.0420 

7.1 

6.7 

6.7 
6.8 
7.1 

.0700 
.0280 
.0360 

At. 

1884 
1898* 

17.23 
16.90 

;.0103 
.0082 

.0019 
.0086 

.0006 
.0006 

.0609 
.0782 

.0447 

At. 

.0626 

1 

*  October  and  December. 
Odor,  none.  — ^  The  aamplea  were  collected  from  the  anderdraln,  at  ita  ootlei. 

Microscopical  Examination. 

No.  11913.    Fangl,  OrtnothrIXt  4,000. 

No.  12688.    Fnngl,  Orenothrix,  480.    Mlacellaneona,  ZodgUaa,  14.    Total,  404. 

No.  18804.    Fnngl,  Orenothrix,  1,900. 
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NBTVrrON. 

Chemical  Examination  of  Water  from  Test  WeUa  in  Needham, 

[Parts  per  100,000.] 


1 

1 

.Date  of 

Collection. 

ArPBAKAiroa. 

• 

B 

§1 
II 

2 

Ammomia. 

e 

NiTBOOBV 
AS 

Oxygen 

Coniamed. 

• 

1 

• 

1 

i 

1 

• 

1 

.1 

1 

1 
1 

■ 

ISM. 

1 

120OO 

April    7 

Dedded. 

aanay. 

0.02 

s.oo 

.0028 

.0018 

.48 

.0000 

.0006 

.0240 

1.1 

.0050 

12007 

April    7 

DIatioct. 

Cona., 
aandy. 

0.00 

8.60 

.0000 

.0010 

.76 

.8000 

.0000 

.0060 

2.3 

.0030 

Odor,  none. The  aamplea  were  ooUeeted  from  teat  wella  in  land  taken  by  the  elty  of  Newton  for 

water-anpply  parpoeea,  to  determine  whether  the  water  wae  polluted  by  e  piggery  opon  the  land. 


Microscopical  Examination, 


No.  12006.    Fungi,  OrenolhriXt  6. 
No.  12007.    No  organlama. 


Water  Supply  op  Northampton. 

In  1894  a  new  storage  reservoir  was  constructed  on  Roberts' 
Meadow  Brook  between  the  upper  and  lower  reservoirs  constructed 
in  previous  years,  the  dam  being  located  about  500  feet  above  the 
upper  end  of  the  lower  reservoir.  The  new  reservoir  has  an  area 
of  26  acres  and  a  capacity  of  84,000,000  gallons,  which  can  be  in- 
creased to  114,000,000  gallons  by  means  of  flash-boards  3  feet  in 
height.  Its  greatest  depth  is  30  feet,  and  its  average  depth  at 
ordinary  high-water  mark  9.9  feet.  The  reservoir  was  prepared 
for  the  storage  of  water  by  the  removal  of  the  soil,  stumps  and 
vegetable  matter  from  the  area  flowed.  Provision  has  been  made 
for  drawing  water  from  the  brook  above  this  reservoir  directly  to 
the  city  if  desired. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  265 

NOBTHAMPTON. 

Chemical  ExamintUian  of  WcUer  from  the  Upper  Storage  Reservoir  of  the  North- 

aimpton  Water  Works  on  Roberts^  Meadow  Brook. 

[Parte  per  100,000.] 


a 


a 


laSM  I  Aug.  7 
1288T  ;  Sept.  5 


▲ppiaxavos. 


s 


V.  ■light. 
SUgfat. 


Blight. 
SUgbt. 


0.10 
0.10 


Rbsidub  on  I 

EVAFOKA- 

AMMOnA. 

NITBOOBM 

A4 

• 

I 

TIOV. 

1 

j: 

Albomlnoid. 

i 

. 

■ 

1 

a 

• 

• 

2 

1 

•1 
3 

1 

1 

1^ 

1 

o 

.12 

!  S 

S 

1 

1 

6.06 

2.00  ' 

.0008 

.0048 

.0040 

.0008 

.0060 

.0001 

.1001 

2.2 

6.16 

1.10  ; 

1 

.0088 

.0080 

.0052 

.0028 

.12 

.0060 

.0002 

.1001 

2.1 

Odor,  faintly  Tegetable. The  Munplee  were  collected  from  the  reeenrolr. 


Microscopical  ExamiruUion. 

No.  12Q84.  DiAtonuea,  OyciotsUa,  86;  OffmbtUat  I;  IHaioma,  1;  Fragitarlat  SI;  MelotUra,  2; 
Synadra,  7.  Oyaoophycea,  MierocytHt,  1.  Alg»,  Olaocapta,  1 ;  ^towrattrum,  1.  Fangl,  BeggUUoat  1. 
InfaaorU,  ZXnoftryon  ca«e«,  7.    Total,  70. 

No.  12887.  DtatomaoiMe,  O^elofoUa,  0;  C^m^^'^i  2;  JHatomotl;  JSpithwnia,  1;  ^mpAonema,  1; 
JKhIchXs,  1;  Pt$muiaHa,  1;  ^yiudrs,  22.  Alg»,  Ar(hrod49mM9,  8;  i9cefM(le«mtM,  0;  5<tovra«lrttm,  3. 
Vongl,  (h^notkHx,  8.  Infoaorla,  Dinobryon  ca«M,  6 ;  Motuu,  1 ;  iVricUniiim,  1 .  MlaeeUaneoiia,  Zodglma, 
6.   Total,  70. 


demtco^  Examination  of  Water  from  the  Lower  Storage  Reservoir  of  the  North- 
ampton WaUr  Works  on  Roberts^  Meadow  Brook. 

[Parte  per  100,000.] 


S 

a 
in 


i 


12086 
12888 


Aug.  8 
Sept.  5 


BUght. 
Diatlnci. 


a 


BUght. 
Slight. 


I 


0.20 
0.23 


BanDua  on 
SvAi^aA- 

noi. 

1 

Lou  on 
Ignition. 

4.70 

0.00 

6.66 

1.46 

Ammovia. 


Albuminoid. 


I 


1! 


,0002 
.0000 


.0114 
.0178 


.0078 
.0106 


.0086 

I 

.0072 


4 

6 


.12 
.13 


KlTBOOaN 


» 


■ 

t 

I 


.0000 
.0000 


.0001 
.0000 


1 

i 

I 

I 


.1548 
.2641 


2.8 
2.0 


Odor,  faintly  Togeteble. The  aamplea  were  collected  from  the  reeerroir. 


Microscopical  Examination. 

No.  12686.  DlatomaceaB,  Oyelotella,  1040;  CymbeUa,  2;  FragUaria,  4;  Navicular  2;  Synedra^Vi. 
Algn,  Aftkrod49mu9t  1 ;  PalytdrtMint  1.  Fnngl,  OrmotArto,  28.  Bhlzopoda,  JHJIuffia,  1.  Infnaoria, 
i)iiM6ryoii  cOMt.  22.    Total,  1,161. 

No.  12888.  Dlatomaees,  Otfdotella,  156;  Ifdvicula,  8;  PCnnu/orio,  1;  Syfudtm^  888;  Tabellaria,  1. 
Algn,  CWMA'wm,  1;  OMfiMiHiim,  1;  /^indorfna,  1;  Fieditutrvm,  9;  Scenedsimus,  2.  Fangl,  C^eno- 
Mrfe,  2.   Vermea,  TWorttra,  1.    MlMellaneona,  ^Icartaa,  .01;  ZaSfflmch  18.    Total,  570. 
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kobth  attl.eborough. 

Water  Supply  of  North  Attleborough. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  North 
Attleborough,  relative  to  a  proposed  additional  water  supply  for  the 
town,  may  be  found  on  pages  35  and  36  of  this  volume.  Analyses 
of  samples  of  water  collected  in  connection  with  the  investigation 
of  the  proposed  sources  of  additional  supply  may  be  found  on  pages 
267  and  268. 


Chemical  Examination  of  Water  from  the  WeUa  of  the  North  Attleborough  Water 

Works. 


[Parte  pei 

-  100,000.] 

m 

Appbasamcs. 

§ 

r 

AmiONIA. 

• 

1 

KiTROGBV 

▲a 

• 

1 

aa 

1 

• 

• 
c 

n 

m 

« 

2 

a 

1 

i 

o 
o 

0.00 
0.05 

1 

• 

o 
< 

• 

1 

mm 

■ 

11704 
12665 

ISM. 

Feb.      2 

Ang.     3 

V.elight, 

mUky. 

V.elight. 

None. 
None. 

6.00 
7.10 

.0000 
.0010 

.0000 
.0006 

.61 
.68 

.0550 
.0090 

.0002 
.0001 

.0284 
.0000 

2.6 
3.1 

.0140 
.0050 

12984 
13136 
13470 

Sept.   18 
Oct.     15 
Deo.    11 

V.  ■light, 
milky. 

Slight, 
milky. 

None. 

V.  slight. 
V.  Blight. 
None. 

0.08 
0.07 
0.00 

7.80 
7.20 
6.10 

.0008 
.0012 
.0014 

.0000 
.0024 
.0022 

.80 
.76 
.67 

.0400 
.0700 
.0800 

.0000 
.0001 
.0000 

.0154 
.0218 
.0102 

3.8 
3.0 
2.0 

8.1 

.0800 
.0380 
.0020 

At. 

0.04 

6.84 

.0009 

.0010 

.70 

.0506 

.0001 

.0160 

.0178 

Averages 

by  Tears, 

- 

1887* 

- 

- 

0.00 

6.28 

.0001 

.0011 

.50 

.0290 

- 

- 

- 

- 

- 

1888 

- 

- 

0.00 

6.27 

.0002 

.0018 

.50 

.0288 

.0000 

- 

- 

- 

- 

1880t 

- 

- 

0.00 

6.09 

.0000 

.0012 

.55 

.0414 

.0000 

- 

- 

- 

- 

1892t 

- 

- 

0.00 

5.95 

.0008 

.0018 

.53 

.0416 

.0000 

- 

8.0 

- 

- 

1898§ 

- 

- 

0.00 

5.88 

.0003 

.0006 

.60 

.0450 

.0000 

.0100 

2.8 

.0040 

- 

1894 

- 

- 

0.04 

6.84 

.0009 

.0010 

.70 

.0508 

.0001 

.0169 

3.1 

.0178 

♦, 

Jane  to  Do 

cember. 

t  Janna 

ry  tol 

lay. 

t  Ai 

>rilto] 

Deoemt 

)er. 

§M. 

Tch  an< 

IJal] 

r. 

NoTB  to  analyses  of  1894 :    No.  12655  had  a  faint  odor  of  anlphuretted  hydrogen,  becoming  dlatlnGt 
on  heating.    There  was  no  odor  in  the  other  samples.    On  heating,  a  distinct  marshy  odor  was  de* 

Teloped  in  No.  12984. The  samples  were  collected  either  from  the  well  or  from  a  fancet  at  the 

pumping  station. 

Microscopical  Examination. 

No.  11704.    Mlseellaneons,  Zooglma,  1. 

No.  12984.    Miscellaneons,  Zodglout,  22. 

^o  organisms  were  fonnd  in  the  remaining  samplea. 
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NOBTH  ATTLBBOROUGH. 

Cheinical  Examination  of  Water  from  Faucets  in  North  AUkborough,  supplied 

from  the  North  Attleborough  Water  Works. 

[Parts  per  100,000.] 


« 

Afpsaianob. 

a 

S 

■ 

^ 

1 

§ 

^3 

s 
S 

§ 

1 

1 

1 

1 

18M. 

1 

11T05 

Feb.      2 

None. 

None. 

0.00 

120M 

Aug.     8 

Non«. 

Noo«. 

0.02 

1S4« 

Dee.    11 

None. 

None. 

0.00 

Residue  on 
Evaporation. 

Ammovia. 

i 

NlTRO«EM 
AS 

1 

9 

e 

r 

• 

1 

i 

ii 

.0004 

• 

1 

Nitrites. 

• 

;      1 

5.00 

.0000 

.61 

.0600 

.0000 

.0000 

2.6 

.0050 

8.00 

.0010  1.0000 

.08 

.0100 

.0001  ; 

.0000 

3.4 

.0040 

6.00 

1 

.0008 

.0030 

.65 

.0750 

.0001 

1 

.0023 

8.0 

.0050 

Odor,  noDO.  ^^  Tho  samplee  were  collected  from  faaoets  In  the  town. 


MicrosoopiciU  Examin€Uion. 


No  organLsms. 


Chemical  Examination  of  Water  from  Test  Wells  in  the  Vicinity  oj  the  Pumping 

Station  of  the  North  AUlehorough  Water  Works. 

[Parte  per  100,000.] 


§ 


-1 


12937 
12988 
12930 
12040 


1S»4. 

Sept.  12 

Sept.  12 
Sept.  12 
Sept.  12 


AFPaABAVOS. 


0 

H 


a 


Decided, 
clayey. 

DIetinct, 
clayey. 

None. 

None. 


Heavy, 
nuty. 

Cons., 
eartliy. 

Slight, 
mety. 

Cone., 
maty. 


0.12 
0.02 
0.00 
0.60 


1 

Ammonu. 

Residue  on 
Evepori 

1 

• 

1 

e 

6.20 

.0000 

.0002 

.25 

6.20 

.0000 

.0004 

.71 

6.60 

.0004 

.0000 

.27 

4.80 

.0000 

.0000 

.27 

MlTBOGBV 

Aa. 


8 
1 


.0000 
.0100 
.0000 

.0000 


4 

it 


.0000 
.0000 
.0000 

.0000 


4 


I 


.0808 
.0906 
.0462 
.1001 


I 


2.0 
2.6 
8.1 
8.0 


.2400 
.0280 
.1450 
.2600 


Odor  of  the  flnt  eample,  faintly  tarry;  of  the  others,  none.— -The  samples  were  collected  In  the 
order  of  their  nnmbera  from  test  wella  numbered  2, 4, 6  and  9.  The  wells  were  distant  between  300  and 
900  feci  in  a  northerly  direcUon  from  the  present  soorce  of  supply. 


Microscopical  Examination, 


No 
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NOBTH  ATTUBBOBOUGH. 

Chemical  Examinalion  of  Water  Jrom  the  Ten  Mile  River  above  the  Village  of 

FlainviUe  in  Wrentham, 

[Parte  per  100,000.] 


• 

1 

Appkaeancb. 

Besidub  ov 

EVAPOKA- 
TIOK. 

AmfOHIA. 

• 

.24 

NlTBOOBW 
AS 

• 

1 

s 

1 

• 

t 
s 

a 

1 

CO 

a 

> 

H 
3.46 

4 

1.00 

1 

Albamlnold. 

• 

1 

* 

• 

s 

1 

• 

1 

Dis- 
solved. 

i 

00 

.0022 

1 

12941 

Bept.l2 

Slight. 

Slight. 

0.25 

.0000 

.0008 

.0076 

.0000 

.0001 

.228S 

0.6 

Odor,  disUnotly  moaldy. The  sample  was  collected  from  the  river  at  Fuller's  Dam. 


Microscopical  Examination, 


IClsoellaoeoas,  Zodglcu,  1. 


Water  Supply  op  Northboeough. 


Chemical  Examination  of  Water  from  the  Upper  Reservoir  of  the  Northborough 

Water  Works. 

[Parte  per  100,000.] 


Appsabavcb. 

KXSIDUB  ON 

Eyapoba- 

TIOB. 

AlOCOHIA. 

• 

1 

g 

MiTBOOEM 
AS 

1 

1 

1 

Tnrbldlty. 

1 

1 

s 

s 

Loss  on 
Ignition. 

• 

1 

Albuminoid. 

1 

■ 

1 

1 

• 

Dis- 
solved. 

J 

1 

1 
18M.  , 

12006 

Jaly24 

Decided, 

Oons., 

0.70 

4.00 

2.10 

.0000 

.0642 

.0102  .0650, 

.80 

.0040 

.0001 

.6106 

1.1 

12774 

Aug.l7  1 

1 

green. 
DlstiDot. 

green. 
Slight. 

0.70 

4.86 

2.35 

.0008 

.0284 

1 
.0250.0034J 

.80 

.0000 

.0000 

.5660 

0.8 

Odor,  distinctly  Tegeteble. The  samples  were  collected  from  the  reservoir. 


Microscopical  ExamincUion. 

No.  12506.  Algm,  Eudorina,  50;  Pandorinat  8;  Proiococcu;  200.  Infusoria*  OiliaUd  in^/iuorian, 
800;  FtHdinium,  200.    Total,  758. 

No.  12774.  DiatomacesB,  Jfelotirat  4;  Katiculat  1;  Synedra,  72.  Oyanophyoess,  Andbcuut,  8. 
AlgKf  Fiedictstrum,  2;  Protoeoccut,  15;  JScenedetmus,  1.  Fangi,  Orenathri»,2.  Inftisorla,  JPugUna,!; 
Motuu,  1;  Peridinimm,  148.    MlscellaneooB,  Zodglou,  44.    Totel,  204. 
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Chemieai  Exammaiion  of  Water  jnym  the  Lower  Reservoir  of  the  Northborough 

Water  Works. 

'    [ParU  per  100,000.] 


2 

a 


a 
© 


1S»7  July  24 
UnSjAag.lT 


Afpbabancb. 


I 


a 


a 


DlBtlnct, 
green. 

IMetlDct, 
green. 


Cone.,       0.00 

yellow. 
Cone.,       0.55 
green 


Rksidub  ov 

EVAPOBA- 
TION. 


I 


J 


I 


>  3.06 
2.46 


1.00 
1.46 


Ammovia. 


I 


Albuminoid. 


e 


1 


.0018 
.0000 


.0888 
.0380 


.0228 
.0908 


I 


.0110 


.0128  .26 


s 

I 


.28 


NiTBOOBK 


I 


< 


.0000 
.0000 


.0000 
.0000 


I 

s 


m 

i 

m 


.5700  0.8 
.4900   1.0 


Odor,  dietfnctly  Tegetable,  and  of  the  eeeond  sample,  eleo  oily.  ^— The  eamplee  were  oolleeted  from 
the  reeervoir. 

Microscopical  Examinaiion. 

No.  12507.  DbUmnaeem,  CifmbeUa,  I ;  IHaioma,  4 ;  MtloHra,  200 ;  StriaUUat  1 ;  Synedra,  184 ;  Tab- 
Maria,  1»82D.  Cyanophyee»,  Anabctna,  16;  Sivularia,  1.  Al^e,  ilfiAnxlMmM,  1 ;  GoUerium,  1 ;  StaU" 
rattnm,  520.  Fangl,  Ortnothrix^  1.  Rhlxopoda,  I^jfftuffia,  6.  Infoeorla,  ZHfut^ryon  oae««,  12; 
/^Hdtelwn,  17;  Pftacue,  1;  TmcAsl&monat,  1.  Vermee,  .^Inurea,  2;  Pjiyarthra,  2.  Craeteoee,  Daph^ 
MO,  .02.    liieoellaaeoiie,  Acartna,  .02.    Total,  2,850. 

No.  12775.  Diatom aeem,  JKr/dcim,  28;  Tab^Uariat  820.  Alg»,  MieratUrias,  1.  Infueoria,  iVMin. 
ten,  44;  Sjfuaypta  eo/ooae,  80.    Vermee,  ^Iamtm,  70;  J^lyarihra,  7.    Cmctaeea,  Oyelop$t  1.    Total,  548. 

Water  Supply  op  Nobth  Bbooktield. 


Chemical  ExaminaHon  of  Water  Jrom  Doane  Pond^  North  Brookfield. 

[Parte  per  100,000.] 


Afpbasaxos. 

RBSIDUK  OS 
EVAPOKA- 

Ammomia. 

Nrraoosii 

AS 

1 

o 
S 

noil 

§ 

■ 

Albuminoid. 

1 

1 

a 

3 

• 

i 

1 

^ 

i' 

1 

1 

J 

• 

il 

m 

■ 

1 

1 

^ 

Q 

H 

OQ 

o 

H 

h 

H 

Q 

OQ 

*A 

!Q 

o 

a 

ISM. 

11646   JftD.  17 

DUtlnct.    Blight. 

0.65 

4.00 

1.30 

.0002 

.0290  .0184 

.0096 

.22 

.0050 

.0000 

.4914 

1.1 

11742   Feb.  12  i 

'  DletlDct.    Cons. 

0.35 

5.06 

1.30  , 

.0076.0208.0162.0046 

.24 

.0120 

.0000 

.3856  1.6 

11016 

Kar.lO 

Distinct.    V.elight. 

0.30 

2.70 

1.05 ; 

.0004.0236 

.0182  .0054 

.16 

.  .0050  .0000 

.3634   0.6 

12014 

Apr.  10 

1  Distinct.   Blight. 

0.80 

8.05 

1.05 

.0010  .0308 

.0256,. 0052, 

.20 

1.0030.0000 

.3934   0.8 

121T9 

May   9 

Distinct.    Blight. 

0.63 

3.60 

1.60 

.0012  .0264  .0220  .0044;'. 17 

.00301.0000 

.60681  0.9 

13365 

Jane 12 

Slight.       Blight. 

1.20 

4.20 

2.00 

.0038i. 0324). 0284  .0040  .16 

.0000 

.0000 

.7969!  1.3 

12538 

July  16 

DisUnet.    Blight. 

1.50 

4.70 

2.30 

.  0028 1 .  0380{ .  0300  .0080  ; .  19 

.0000 

.0004 

.7538 

1.4 

12759 

Aag.U 

Distinct,    Blight, 

1.80 

4.85 

2.30 

.0026  .0410 

.0826 

.0084 

.14 

.0070 

.0000 

.7084 

1.4 

green,  i    yellow. 

1 

I'i872 

Bept.l8 

Distinct.  ,  Cons., 

1.30 

4.30 

2.00 

.0022 

.0488.0844 

.0144 

.18 

.0000 

.0000 

.7777 

0.9 

,    fibrous. 

13152 

Oct.  17 

Blight. 

Cons., 
brown. 

1.80 

4.10 

2.10 

.0248 

.0368 

.0100 

.0068 

.17 

.0000 

.0002 

.7758 

0.6 

13367 

Not.  22 

Distlnet.  .  Blight. 

1.25 

4.86 

2.10 

.0448 

.0580' .0466 

.0124 

.16 

.0170 

.0003 

.7800 

1.4 

13520 

Dee.  19 

Blight.       V.  slight. 

0.90 

1 

0.91 

5.50 

2.10 

.0408 
.0110 

.0436.0880 

.03..:;  -o•"''^o 

.0046 

.0073' 

.24 

1 

.19 

.0130 
.0054 

.0002 

1 

.0001 

.5967 
.6182 

1.7 

At. 

4.24 

1.77 

1.1 

r  ** 

1 

Iron,  J0477.   Odor,  generally  distlaetly  Tegetable,  sometlmee  also  mouldy,  unpleasant  or  dieagree- 
•hk. The  iamplea  were  collected  from  the  pond,  near  the  filter. 
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NOBTH  BBOOKFEBLD. 

Microscopical  Examination  of  Walerfrom  Doane  Pond,  North  Brookfield. 

[Namber  of  organiama  per  cubic  oenti meter.] 


Jan. 

■  r 
] 

June. 

ISM. 

Feb. 

Mar. 

Apr. 

May. 

Joly. 

Aug. 

Sept. 

Oct. 

Not. 

Dec 

Day  of  ezamlnatton, 

18 

!  u 

1 

20 

11 

11 

14 

17 

16 

10 

16 

23 

20 

Number  of  sample» 

lld46  11742110161 13014 

12170 

12365 

12538 

12750 

12072 

13152 

18867 

13520 

PLANTS. 

DlatomaceaB,  . 

ts 

8 

m 

ttO 

154 

28 

80 

145 

58 

188 

fS 

0 

AsteriODella,    . 

0 

0 

0 

6 

83 

4 

28 

144 

17 

116 

11 

0 

Cydotella, 

0 

0 

20 

pr. 

1 

8 

0 

0 

0 

0 

0 

0 

Desmidlum, 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

Diatoma,  .... 

0 

0 

pr. 

0 

0 

0 

0 

0 

6 

2 

0 

0 

Fragllaria, 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

Navicula 

0 

0 

0 

0 

0 

0 

0 

1 

1 

2 

3 

0 

SvDedra,  .... 
Tabellarla, 

1 

8 

26 

120 

40 

1 

2 

0 

20 

32 

5 

0 

22 

0 

86 

04 

24 

20 

0 

0 

16 

14 

6 

0 

OyanophyoeaB, 

Chrodcoccas,    . 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

Al^gBd, 

50 

8 

2 

6 

18 

84 

28 

478 

258 

42 

18 

D 

Arthrodeamus, 

1 

0 

0 

0 

2 

0 

5 

3 

15 

1 

1 

0 

Botryooeona,    . 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

Ohlorococena,  . 

0 

0 

0 

6 

0 

10 

5 

0 

0 

0 

0 

0 

Coaraarinm, 

48 

0 

0 

pr. 

1 

3 

0 

0 

0 

0 

0 

0 

Dlctvoaphferlum,     . 
Hyalotheca,     . 

0 

0 

0 

0 

1 

0 

6 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

15 

0 

0 

0 

0 

0 

0 

Protocoecua,    . 

0 

0 

2 

0 

0 

0 

6 

456 

75 

4 

10 

0 

Raphidlum, 

0 

0 

0 

0 

10 

0 

6 

10 

164 

4 

4 

0 

SceDedeamna,  . 

0 

0 

0 

0 

1 

1 

0 

1 

5 

6 

2 

0 

Belenaatnim,    . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

24 

0 

0 

Staaraatmm,    . 

0 

0 

0 

1 

4 

44 

0 

0 

0 

0 

0 

0 

Btaurogenla, 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

2 

0 

ZoSaporea, 

1 

8 

pr. 

pr. 

0 

2 

0 

0 

0 

0 

0 

0 

Funsrii  Crenoihrlz,     . 

0 

1 

5 

pr. 

200 

46 

46 

2 

0 

0 

1 

1 

ANIMALS. 

Bhlaopoda, 

0 

0 

6 

0 

0 

0 

0 

0 

6 

0 

0 

D 

Aetinophrya,    . 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Aroella,    .... 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

Inftisoria,  .... 

Ml 

88 

118 

220 

1.5t8 

82 

276 

8 

148 

8 

16 

ts 

Dlnobryon, 

44 

0 

80 

68 

0 

5 

6 

0 

8 

0 

6 

0 

Dlnobryon  caaea,     . 

2 

0 

0 

100 

1»520 

26 

268 

0 

8 

0 

5 

1 

Bufflena,  .... 
liallomonaa,     . 

1 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

Monaa 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Feridinlam, 

2M 

02 

36 

40 

1 

0 

0 

1 

0 

0 

8 

21 

Phacna 

0 

0 

0 

0 

0 

0 

0 

1 

132 

0 

0 

0 

Synura,     .... 
TinUnnldiam,  . 

20 

0 

2 

16 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

3 

0 

0 

0 

4 

0 

2 

0 

0 

Traohelomonaa,       .       , 

0 

0 

0 

0 

0 

0 

2 

0 

6 

1 

0 

0 

Vermes 

0 

1 

pr. 

5 

1 

2 

2 

2 

4 

1 

0 

0 

Anurea 

0 

0 

0 

1 

1 

0 

0 

0 

1 

1 

0 

0 

Monocerca, 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

Polyarthra, 

0 

0 

0 

pr. 

0 

1 

1 

2 

0 

0 

0 

0 

Rotatorian  ova, 

0 

0 

pr. 

2 

0 

0 

0 

0 

0 

0 

0 

0 

Rotifer 

0 

1 

0 

2 

0 

0 

1 

0 

2 

0 

0 

0 

AfUcellaneoitt, 

0 

0 

4 

.05 

520 

0 

.08 

0 

182 

860 

0 

0 

Acarina,    .... 

0 

0 

.01 

.06 

0 

0 

.08 

0 

.82 

0 

0 

0 

ZoSgloea 

0 

0 

4 

0 

520 

0 

0 

0 

182 

360 

0 

0 

TOTAI.,      .... 

404 

101 

268 

451 

2,417 

204 

384 

638 

618 

672 

61 

2e 
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Chemical  Examination  of  Water  from  the  FiUered-water  Well  of  the  North  Brook- 

field  Water  Works. 

[Parte  per  100,000.] 


M 

B 


11743 
11917 
12015 
11180 


12539 
13758 
1S973 
18153 
13308 
13521 


Ar- 


cs 
o 
s 

I 

a 


Feb.  12 
Mar.  19 
Apr.  10 
May  0 
June  12 
Joly  10 
Aog.l5 
Sept.l8 
Oct.  17 
iroT.S2 
Dee.  19 


AmAMAVCM. 


I 


• 

J 


BUght. 

Dietinet. 

DUtiDct. 

V.eligbt. 

SUght. 

Slight. 

SUghi. 

SUght. 

Blight. 

Diatinet. 

Slight. 


V.eUght. 

V.  alight. 

y.ellght. 

V.  slight. 

SUght. 

SUght. 

SUghU 

Cods. 

SUght, 

brown. 
SUght. 

SUgbt. 


o 

8 


0.36 
0.28 
0.32 
0.30 
0.90 
1.90 
0.80 
1.00 
0.90 
1.28 
0.70 


0.78 


Rbsidui  om 

EVAPOKA- 
TIOM. 


3 

O 
H 


4.70 
3.40 
3.00 
3.80 
4.50 
6.00 
5.40 
5.20 
5.40 
4.70 
5.16 


4.68 


I 


f 


1.05 

1.40 
1.45 
2.25 
2.40 
2.40 
2.10 
1.00 
1.80 


1.80 


Ammovia. 


» 

I 


Albaminold. 


s 


t 


A 
Q 


,1 

CO 


.0058 
.0004 
.0004 
.0090 
.0014 
.0044 
.0198 
.0108 
.0092 
.0860 
.0146 


.0096 


.0126 

. 

.0176 

.0182 

.0166 

- 

.0160 

.0144 

.0272 

.0242 

.0886 

.0292 

.0172 

.0154 

.0868 

.0610 

.0274 

.0244 

.0446 

.0482 

.0878 

.0826 
.0252 

.0286* 

.0044 

.0016 
.0080 
.0044 
.0018 
.0052 
.oorpt 
.0024 
.0052 

.0064 


4 


.24 
.16 
.16 
.16 
.18 
.26 
.16 
.19 
.20 
.21 
.19 

.19 


NiTBOOBV 
AS 


I 

s 


i 

s 


.0100 
.0100 
.0070 
.0050 
.0030 
.0080 
.0060 
.0020 
.0080 
.0280 
.0280 


.0095 


.0000 
.0001 
.0001 
.0001 
.0001 
.0008 
.0001 
.0002 
.0002 
.0008 
.0011 


.0002 


I 

e 


I 

I 

m 


.3664 

.3120 
.3571 
.4248 
.6468 
.6500 
.6467 
.6622 
.6478 
.7800 
.6698 

.6427 


1.6 
1.4 
1.3 
1.8 
1.8 
1.9 
1.9 
1.4 
2.3 
1.4 
1.8 

1.6 


*  BzolasWe  of  Noe.  11743  mnA  12015. 


Iron,  .0408.    Odor,  ganeraUy  Tegetable,  beoomlDg  stronger  on  hentlng;  In  May,  none. The 

«mplee  were  oolleoted  from  the  flltered-water  well. 
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NOBTH  BBOOKFIEIiD. 

Microscopical  Examination  oj  Water  from  the  FiUered-water  Well  of  the  North 

Brookfield  Water  Works. 

[Number  of  organlims  per  oablo  centimeter.] 


Day  of  ezamlnadoD,   . 
Nnmber  of  aample, 


1894. 


Feb. 


Mar. 


Apr. 


May. 


Jane. 


July. 


Aag. 


Sept 


Oct. 


Nov. 


Dec. 


13 
11748 


20 
11917 


11 
12015 


11 

12180 


14 
12356 


17 
12680 


16 
12768 


10 
12078 


18 
18168 


23 
13368 


PLANTS. 

DiatomacecB, 

Aeterlonella,  .... 

Meloflira 

Synedra,  .... 
Tabellaria,     .... 

Algm 

Chlorococona, 

Oloaterlnm,  .... 
Cosmarlnm,  .... 
Hyalotheca,  .... 
Protoooccue,  .... 
Raphidlum,    .... 

Btaarastmm 

Stanrogenla 

Funfiri*  Crenothriz,  . 

ANIMALS. 
InftiBoria,       .... 

Dlnobryon  caaea,  . 

Baelena 

liallomonaa,  .... 
Peridinlnm,   .... 

Phacae» 

Tintinnidlam, 
Trachelomonaa,    . 

VerzneBi  Botlfer,    . 


Crustacean  remainB, 


20 
13621 


0 

51 

58 

pr. 

n 

8 

0 

15 

1 

15 

0 

0 

8 

0 

12 

4 

0 

8 

0 

12 

0 

2 

1 

0 

8 

0 

0 

0 

0 

0 

0 

42 

20 

pr. 

0 

4 

0 

2 

1 

2 

0 

7 

84 

0 

2 

0 

0 

5 

0 

1 

1 

5 

1 

pr. 

70 

13 

80 

14 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

4 

0 

0 

3 

0 

0 

0 

0 

0 

1 

0 

1 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

81 

12 

72 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12 

0 

0 

0 

0 

0 

pr. 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

IB 

46 

pr. 

ttO 

tt 

46 

44 

2 

12 

1 

0 
0 
0 
0 


0 
0 

o 
o 

0 

o 

0 
0 


3 

22 

60 

140 

10 

69 

7 

CO 

0 

4 

pr. 

2 

26 

140 

8 

40 

0 

0 

0 

1 

0 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

1 

0 

0 

0 

8 

20 

84 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

pr. 

0 

0 

0 

0 

0 

1 

0 

0 

2 

0 

0 

0 

0 

0 

28 

4 

17 

0 

1 

0 

pr. 

0 

P 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.16 

0 

0 

0 

4 
0 
1 
0 
0 
0 


0 
0 


JtfUc«llan€(nUt 

Aoarlna, 
Zodgloea, 

Total,  . 


4 

1 

0 

0 

10 

96 

260 

192 

440 

0 

0 

0 

0 

0 

0 

0 

0 

.08 

0 

0 

4 

1 

0 

0 

10 

96 

260 

192 

440 

0 

0 
0 


24 

127 

110 

460 

144 

284 

302 

248 

463 

20 
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NORTON. 
NOBTOK. 

The  reply  of  the  State  Board  of  Health  to  certain  petitioners  in 
the  town  of  Norton,  relative  to  a  water  supply  for  a  proposed  fire 
district  in  that  town,  to  be  obtained  either  from  sources  in  the  town 
or  from  the  works  of  the  towns  of  Attleborough  or  Mansfield,  may 
be  found  on  pages  36-38  of  this  volume.  Analyses  of  samples  of 
water  from  various  sources  in  the  town  are  given  below. 

Chemie€U  Examination  of  Waierfrom  the  Rumford  and  Wading  Rivers,  Norton, 

[ParU  per  100,000.] 


I 

0 


o 
O 

o 
m 


VU40 


Dee.  6 


SHsht. 


Dee.  6   iV.elisht. 


i 


i 
a 


V.tllffM.0.67 

I 
V.tUfflit.  0.70 


Ruiovs  0> 

EVAPOBA- 
TIOV. 


4.80 
4.40 


1.60 
1.70 


AmonA. 


2 


AlbamlDold. 


J 

58 


.0016 


.0160 
.0184 


II 


00 


.0100 
.0112 


.0060 
.0008 


I 


.44 

.41 


HiTBOOBa 

At 


.0060 
.0060 


.0000 

.0000 


i 

a 

6 
i 


! 


.6006 

.6646 


1.8 
1.1 


Odor,  dlettnetiy  Tefetablei  beooming  ■tronaer  on  heeting.— ^The  flrel  Mmple  wm  eolleeted  from 
TaDwt  Mlllpond,  e  ■maU  mlllpoDd  on  the  Ramford  RlTer,  a  short  dletenee  below  the  Norton  Reeerrolr; 
Um  but,  from  the  Wading  Blver  at  the  road  croealng  about  1|  mllee  above  Barroweyllle,  and  juet  above 
the  point  where  the  river  ie  Joined  by  Ohartley  Brook. 

Microscopical  Ezaminaiion. 

No.  13480.  DlatomaooB,  OueMella,  1;  DtaUma,  1 ;  FragUaHat  8 ;  M$loHrat  6 ;  Synedra,  8.  Algn, 
Gilarocoecus,  1.  Fongl,  Molas,  1.  tnfnaorla,  JHnobryon  c<M«t,  66.  Mlecellaneoat,  Zo9gk»a,  64. 
Total.  141. 

No.  18440.  Diatomaees,  JHatoma,  1 ;  Meridion,  1;  Synedra,  8;  TabtUariOt  4.  Faogl,  Orttlothrix^ 
Z,  Total,  12. 


Chemical  Examinaiion  of  Water  from  Test  WeUs  in  Norton. 

[ParU  per  100,000.]  ' 


• 

ApPBABAVOa. 

4 

1 

Ammobia. 

4 

NiTBOOBH    ; 

ab 

o 

i 

1 

i 
i 

• 

« 

1 

1^ 

< 

• 

2 

1 

1 

18M. 

1 

1 

1 

laoM 

OeU     1 

Slight, 
mUky. 

None. 

1.00 

9.00 

.0064 

.0010 

.61 

.0020 

.0000  • 

.0668 

8.0 

.2660 

18061 

Oet.     1 

1 
1 

Slight, 
mUky. 

None. 

0.80 

i 
1 

8.00 

1 

.0016 

.0008 

.60 

.0020 

.0000 

.0860 

1 

3.0 

.2600 

Odor,  very  faint  or  none. Thete  eamplea  after  ■tandloff  for  one  day  In  the  laboratory  became 

decidedly  tnrbld,  owing  to  the  oxidation  of  the  large  amount  of  iron  in  them,  and  a  slight,  rasty  sediment 
WIS  deposited.  The  high  eolor  of  the  water  was  caused  by  the  presence  of  the  iron  oxide,  and  could  bo 
nesrly  all  removed  by  nitration  through  filter  paper.  The  colors  after  filtration  were  respectively  0.12 
and  0.06.  The  samplea  were  eolleeted  from  test  wella  near  the  factory  of  A.  H.  Sweet,  and  near  the 
road  from  Norton  to  Attleborough. 


Nooigankma. 


Microscopical  Examination, 
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Wateb  Supply  of  Norwood. 


Chemical  Examinaiion  of  Water  from  Buck/master  Pond,  Dedham. 

[Pftrti  per  100,000.] 


■ 

6 
•s 

1 

APrKAXAKOB. 

BxsiDgK  ox 

EVAPOBA- 

noM. 

AmiONiA. 

i 

g 

NiTBOOKN 
AS 

■ 

1 

8 

1 

M 

o 

i 

«i 

■ 

H 

LoMon 
Ignition. 

• 

Albuminoid. 

1 

■ 

^ 

^ 

■ 

1 

• 

8iii- 
pended. 

3 

c 

1 

1M4. 

11601 

Jan.  8 

None. 

SUgbt. 

0.06 

2.76 

0.86 

.0094 

.0192 

.0176 

.0016 

1 

.34 

.0040 

.0000 

.1960 

0.6 

117U 

Feb.  6 

SUgbt. 

Cone. 

0.06 

2.96 

1.20 

.0168 

.0166 

.0184 

.0022 

.37 

.0070 

.0000 

.2200 

0.6 

118S8 

Mar.  6 

SUgbt. 

SUgbt. 

0.08 

2.86 

0.90 

.0120 

.0160 

.0124 

.0026 

.32 

.0070 

.0000 

.2240 

0.6 

11990 

Apr.  2 

DUtinot. 

OODt., 

0.16 

2.60 

0.90 

.0010 

.0166 

.0122 

.0034 

.38 

.WHO 

.0000 

.2117 

0.6 

12168 

May   8 

DletiDCt. 

green. 
SUgbt. 

0.10 

2.66 

1.16 

.0004 

.0168 

.0110 

.0048 

.36 

.0060 

.0000 

.3216 

0.3 

12»12 

Jnne  4 

SUgbt. 

SUgbt. 

0.20 

2.60 

1.10 

.0006 

.0160 

.0144 

.0016 

.82 

.0000 

.0000 

.2738 

0.6 

12601 

July  9 

Dletixict. 

SUgbt. 

0.10 

2.60 

1.00 

.0010 

.0200 

.0182 

.0018 

.36 

.0060 

.0000 

.2710 

0.4 

12681 

Aug.  7 

Sllgbt. 

V.aUght. 

0.10 

3.20 

1.60 

.0004 

.0216 

.0186 

.0030 

.40 

.0000 

.0000 

.2502 

0.5 

12897 

Sept.  6 

SUgbt. 

SUgbt. 

0.10 

3.80 

1.46 

.0000 

.0210 

.0166 

.0064 

.37 

.0000 

.0001 

.2867 

0.6 

ia082 

Oct.   4 

SUgbt. 

green. 
SUgbt. 

0.16 

8.00 

1.60 

.0014 

.0210 

.0170 

.0040 

.39 

.0000 

.0000 

.2016 

0.6 

13260 

Nov.  6 

SUgbt. 

SUgbt. 

0.08 

2.46 

1.00 

.0080 

.0204 

.0182 

.0022 

.41 

.0080 

.0000 

.2387 

0.5 

18480 

Deo.  8 

RHgbt. 

Cons. 

0.06 

2.86 

1.06 

.0160 
.0066 

.0172 
.0182 

.0162 
.0168 

.0020 
.0029 

.36 

.36 

.0000 
.0028 

.0000 
.0000 

.2017 

0.8 

At 

0.10 

2.82 

1.18 

.2373 

0.5 

Averages  by  Years, 


1887* 

- 

- 

0.09 

2.64 

1.06 

.0058 

.0212 

- 

- 

1888 

- 

- 

0.16 

2.66 

0.95 

.0060 

.0248 

- 

- 

1889 

- 

- 

0.11 

2.43 

0.78 

.0026 

.0196 

.0172 

.0024 

1890 

- 

- 

0.05 

2.69 

0.99 

.0016 

.0180 

.0147 

.0083 

1891 

- 

- 

0.06 

2.48 

0.97 

.0014 

.0166 

.0140 

.0026 

1892 

- 

- 

0.07 

2.88 

1.24 

.0019 

.0219 

.0172 

.0047 

1893 

- 

- 

0.07 

2.62 

1.08 

.0052 

.0199 

.0156 

.0043 

1894 

- 

- 

0.10 

2.82 

1.18 

.0056 

.0182 

.0153 

.0020 

.80 
.29 
.30 
.30 
.26 
.82 
.33 
.86 


.0018 
.0065 
.0070 
.0075 
.0075 


.0001 

.0001 

.0000. 

.0000' 
I 
.0067  .0000 

.0028.0000, 


.2644 


.0028-.  0000  1.2378 


1.0 
0.7 
0.7 
0.7 
0.6 


*  Jnne  to  December. 


Note  to  analyses  of  1894 :  Odor,  generaUy  faintly  vegetable,  aometlmet  also  mouldy  or  nnpleaaant ; 
oooaaionaUy  none.  — —  Tbe  aamplee  were  collected  from  tbe  pond. 
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NORWOOD. 

Microscopical  Examinalum  of  Water  from  BuehmasUr  Pond,  Dedham. 

[Number  of  organtome  per  euble  eenametar.] 


18M. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jnly. 

Ang. 

Sept 

Oct 

Not. 

Dee. 

Number  of  aample,    . 

6 
11601 

6        6 
11714  11688 

6 
11000 

8 
12168 

6 
12812 

11 
12601 

0 
12681 

8 
12807 

6 
18082 

7 
13860 

6 
13490 

FT^ANTS. 

DiatomaoeflD,     . 

AetorlonellA,               .       • 
CycloteUa,    .... 
MeloelrB,      .... 
Synedrm,      .... 
TabeUarU,  .... 

CyanophycseeD,  . 

Anabsna,     .... 
ObroScooeiia, 
Clathroeyatfa, 
Galoepnaerlnm,  . 
Mieroeyatia, 

Al^fflD, 

Arthrodeamiia,    . 

Botryeocoaa, 

ProCoeoecuB, 

Kaphidiam* 

Bcenedeamna, 

10 

6 
0 
0 

0 
6 

2 

0 
0 
0 
2 
0 

0 

0 
0 
0 
0 
0 

166 

180 
0 
0 
0 
0 

1 

0 
0 
0 

1 

0 

2 

0 
0 
0 
2 
0 

C,600 

2,400 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 

3,000 

8.000 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 

6 

0 
0 
0 
0 
0 

1,046 

880 

24 

0 

128 
14 

16 

16 
0 
0 
0 
0 

11 

4 
0 
6 
0 
1 

171 

81 
84 
0 
82 
24 

5 

4 
0 
0 

1 

0 

70 

0 
0 
70 
0 
0 

1 
0 

"6 

1 
0 

4 

2 

0 
0 
2 
0 

6 

0 
0 
0 
2 

6 

0 
0 
0 
0 
0 

18 

0 
18 

4 
0 
3 

16 

0 
8 
0 
2 

0 

16 

0 

0 
6 

1 
4 

11 

1 
0 
8 
0 

7 

6 

0 

1 

4 
0 
1 

t 

1 
0 
0 

1 

0 

0 

0 
0 
0 
0 
0 

It 

2 

0 

0 

10 

0 

46 

0 
44 

0 
2 
0 

0 

0 
0 
0 
0 
0 

15 

2 

1 
4 
6 
0 

37 

18 

13 

6 

4 

2 

0 

0 
0 
0 
0 
0 

0 

0 

0 
0 
0 
0 

ANIMAUB. 

Inftiaorla 

Dfaiobryon  eaaei, 

Mooaa, 

Peridlolnm 

Traetaelomonaa,  . 

VonneB 

Monoeereai  •       •       .       . 
Polyarthra,  .... 

CO 

0 

0 

20 

0 

1 

1 
0 

16 

0 

2 

14 

0 

pr. 
^'6 

pr. 

0 
0 

^'o 

0 

0 

0 

pr. 
0 

": 

0 

0 
0 

3 

8 
0 
0 
0 

0 

0 
0 

1 

0 

0 
0 
0 
0 

« 

2 
0 

pr. 

0 

0 

t 

0 
.      2 

1 

0 
0 

1 

0 

0 

0 
0 

8 

0 
0 
7 
2 

0 

0 
0 

15 

4 
0 
0 

11 

1 
1 

0 

176 

176 
0 
0 
2 

6 

0 
0 

46 

48 
0 
0 
0 

0 

0 

0 

jrfoeeZteiMOiM,  Zodglcaa,  . 

f 

86 

0         0 

3,002 

0 

0 
246 

0 
13 

8 

46 

106 

144 

104 

0 

0 

70TAL|  .         •          •         ■         • 

190 

2,400 

1,076 

184 

280 

86 

Table  showing  Heights  of  Water  in  Buckmasler  Pond  on  the  First  of  Each  Month 

in  1894. 

[DlflUnee  below  oreat  of  dam.] 


Datb.  —  ISM. 

Feet 

Datx.~18M. 

Feet 

Jan.     1, 

Feb.     1 

March  1, 

April   1, 

May  J 

Jane    1, 

6.26 
4.42 
2.60 
0.76 
0.00 
0.60 

Jnly     1 

Ang.    1 

Sept.    1 

Oct.     1 

Nov.    1, 

Dee.     1 

1.02 
3.33 
6.00 
6.76 
6.38 
6.42 
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ORANGE. 

Water  Supply  of  Orange. 

Early  in  the  spring  of  1894  the  water  supplied  to  the  town  bad  a 
disagreeable  taste  and  odor,  and  upon  making  a  special  investigation 
it  was  ascertained  that  the  odor  was  caused  by  the  presence  of  the 
organism  Urogleiia^  which  was  found  in  large  numbers  in  the  dis- 
tributing reservoir.  In  the  main  source  from  which  water  may  be 
pumped  to  the  distributing  reservoir  no  Uroglena  was  found,  but  it 
was  subsequently  learned  that  a  very  small  amount  of  water  had  been 
pumped  from  the  Greenhalge  Reservoir,  a  small  millpond  the  water 
of  which  is  used  to  furnish  power  for  pumping,  which  was  not  ex- 
amined. After  the  distributing  reservoir  had  been  emptied  and 
refilled  the  Uroglena  disappeared.  A  description  of  this  organism 
is  given  in  the  annual  report  of  the  State  Board  of  Health  for  1891, 
pages  645-658,  and  a  statement  as  to  the  odor  which  it  imparts  to 
water,  and  the  probable  origin  of  the  odor,  may  be  found  in  the 
annual  report  for  1892,  pages  370-375. 

In  connection  with  the  investigation  as  to  the  cause  of  the  taste 
and  odor  noticed,  many  examinations  were  made  of  water  from 
sources  connected  with  the  Orange  Water  Works,  and  the  results 
are  given  in  tables  which  follow. 

Chemical  Examination  of  Water  Jrom  North  Pond,  Orange. 

[ParU  per  100,000.] 


§ 


? 

• 

a 

S 

0 

« 

^ 

A 

11906 
12018 
12372 
12542 
127M 
12077 
13150 
13359 
13627 

Av. 


1S94. 

Mar.  16 

Apr.  10 
Jnn6l3 
Jalyl6 
Ang.l5 
8apt.l8 
Oct  17 
Not.  21 
Deo.  19 


Appbabavcs. 

-ti 

1 

1 

H 

* 

o 

SUffht. 

V.tllghi. 

DistlDet, 

greoD. 

Dletlnct. 

DtsilDOt, 
green. 
V.  slight. 

Dlstinot. 

Slight. 

V.aUght. 


Slight. 
Blight. 
Slight. 
Blight. 
Slight. 
Slight. 

Oont., 

brown. 
Blight, 

brown. 
Slight. 


0.80 
0.30 
0.60 
0.65 
0.70 
0.75 
0.80 
0.90 
1.10 


0.67 


BK8I0UB  ON 
EVAPOSA- 

TIOK. 

H 

Lou  on 
Ignition. 

2.70 

1.15 

2.80 

1.15 

,  3.10 

1.55 

3.65 

1.90 

8.76 

2.00 

1  3.95 

1.75 

8.85 

'1.05 

3.80 

1.70 

!  8.80 

1 

1.80 

8.88 

1.68 

AmcoMiA. 


Albuminoid. 

• 

•X3 

• 

« 

• 

1 

1 

.0004 
.0000 
.0004 
.0000 
.0000 
.0002 
.0000 
.0054 
.0042 


.0012 


.0182 


.0156 


.0164  .0144 
.0312  .0262 


.0274 


.0236 


.0250  .0198 


.0218 
.0278 
.0218 
.0166 


.0229 


.0200 
.0206 
.0198 
.0150 


.0194 


.0026 
.0020 
.0050 
.0038 


.0052 
.0018 
.0072 
.0020 
.0016 


9 

o 

i 


.11 
.13 
.14 

.14 


NiTBOOBN 
AS 


I 


.0050 
.0050 
.0000 
.0000 

11  1.0000 

I 

15  .0000 

12  .0020 
.0000 
.0050 


.0000 


a 

o 

m 
C 

6 

I 

M 

c 


a 
•a 


.4480 


.0000,  .3697 

I 

.0000  .5613 


.10 
.13 


.0035 


,18 


.0002  |. 6730 

.ooooj  . 

.0000,  . 

.0000,  .6001 

I' 
.0000  .6240 

I 

.0000  .8200 


0.5 
0.6 
0.9 
1.1 
1.0 
1.1 
1.1 
0.9 
0.6 


.0019,. 0000  .6064    0.0 


Odor,  generally  vegetable,  sometimes  also  monldy,  beoomlng  stronger  on  heating. —— The  sampk 
were  ooUeoted  from  the  pond. 
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OBA2iGE. 

Microscopical  Examination  of  Water  from  North  Pondj  Orange. 

[Number  of  orgaoltou  per  cable  centimeter.] 


Day  of  ezaainatioB, 
Number  of  Mmple,  . 


PLANTS. 
Dlatomacen,     . 


Aaterlooella, 
Cyclotelle,  . 
Meloeira, 

PlDDOleilA,  . 

Synedre* 
l^bellaria,  . 


CysnophyoeeB, 

Clatbroeyetle, 
C<Bloeph«Brlam, 


ArthiodeamiM, 

Chloroeoeeiie, 

Oloeteriom, . 

Protoooeeiis, 

Bepbldliim, 

Bceoedeemiie, 

Btanraetnim, 


Fongl,  Crenothxlx, 


MUeeUaiuMU,  Zo^ksa,  . 


1894. 


Mar. 

17 
11906 


AprO. 


Jane. 


Joly. 


Aug. 


Sept. 


Oct 


Not. 


11 
12018 


14 
18372 


17 
12642 


16 
12764 


10 
12077 


It 
18150 


22 
ISSW 


83 

88 
2 

2 

0 

1 

pr. 


0 
0 


pr. 


0 

0 

pr- 


0 
0 
0 
0 


506 

480 
S 

6 

pr. 

16 

1 


0 
0 


0 
0 
0 
0 
0 
0 
0 


ANIMALS. 
Bhizopoda,  Acttnophryi,  . 

InftiBorla,     .... 

Ceratfnm,    .       .       .        . 
Ploobryoo,. 
IHnobryon  caaea, 

SplatyBa,     .... 
alU>monaa» 
Perldlntiimf        ... 
Synara,       .... 
Tnohelomoiiaa, . 

Vermes,  Polyartfara,   . 


H 

0 
2 
10 
0 
0 

0 


0 


87 

0 

6 

S2 

0 

pr. 

0 


... 


80 

0 
0 
0 
0 
60 
0 
0 
0 


18 

0 
0 
0 
10 
0 
4 
0 
2 


0 
0 

10 
0 
1 

48 
0 
5 


2 
0 
1 
0 
0 
4 
0 
0 


0 
0 
0 
0 

1 

0 
0 
0 


0 

0 
0 
0 
0 
0 
0 
0 
0 


0 

16 

0 

0 

M 

88 

m 

0 

107 

563 

414 

6» 

466 

480 

800 

454 

Dec. 


21 
18527 


848 

818 

no 

COO 

51 

888 

20 

0 

0 

0 

12 

212 

48 

1 

0 

0 

1 

0 

0 

0 

16 

25 

44 

0 

0 

0 

0 

2 

0 

0 

0 

0 

4 

280 

812 

260 

184 

186 

0 

8 

2 

0 

0 

2 

2 

0 

0 

7 

0 

0 

« 

(88 

77 

COO 

54 

2 

I 

0 

0 

1 

0 

4 

200 

0 

0 

0 

0 

48 

0 

0 

62 

0 

272 

0 

0 

0 

0 

0 

14 

0 

0 

0 

0 

0 

0 

3 

0 

0 

12 

0 

0 

1 

4 

0 

0 

0 

0 

10 

4 

0 
0 
0 
0 
6 


0 
0 


0 
0 
0 
0 
0 
0 
0 


0 


0 
0 
0 
0 
0 

1 

0 
0 


Total, 


13 


278 
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OBANGS. 

CKenUcal  Examination  of  WcAerfrom  Coolidge  Brook  Beservoir,  Orange. 

[PArU  per  100.000.] 


• 

8 
•s 

1 

Apfbabamob. 

RaaiDCB  OH 

EVAPOSA- 
TIOK. 

Ammovia. 

! 

i 
1 

3 

i 
.10 

.14 

1 
.16.. 

1 

NlTHOOBX 
A»           1 

0 

m 

1 

1 

s 

1 

^ 

• 

1 

1 

• 

§ 

r 

1 

Albamhiold.     ■ 

1 

1 

• 

1 

• 

1 

1' 

J 

8  ci 

• 

S 

1 

81 

11985 
12010 
12878 

18M. 

Mar.  22 

Apr.  10 
June  18 

V.tUght. 
None. 
V.  alight. 

Slight. 
Slight. 
SUght. 

0.80 
0.28 
0.48 

0.32 

2.06 
2.40 
1.00 

0.70 
0.76 
1.16 

.0010 
.0000 
.0000 

.0003 

1 

.0142 
.0000 
.0148 

.0127 

.0120 
.0060 
.0128 

.0105 

.0022 
.0024 
.0020' 

.0022 

.0060 
.0060 
.0080 

.0048 

1 

.0000 

1 

.0000 

.0001 
.0000 

.8679 
.3160 
.4474 

0.2 
0.5 
0.8 

At. 

2.12 

0.87 

.3788 

0.6 

1 

Odor,  ▼agetabla. The  ■amplea  were  collected  from  the  rcMrvoir. 


Mieroscopieal  Examination  of  Water  from  Coolidge  Brook  Beservoir,  Orange. 

[Namber  of  organiamt  per  cable  centimeter.] 


Manh. 


1894. 


AprlL 


June. 


Day  of  examination, .... 
Nomber  of  aample,    .... 

PLANTS. 

Dlatomaoees 

Cyelotella, 

Diatoma, 

Merldion, 

Bynedra, 

tabellarla, 

AXTDCALS. 
Inftisorla 

Monac, 

Peridininm, ..... 

Vermes. 

Polyarthra, 

Rotifer, 

MltceUatuoua,  Zo)}glcBa,  . 

Total 


11085 


11 
12010 


16 
12878 


pr. 


pr. 


0 

1 

2 

pr. 


8 
0 
0 
020 
0 


pr. 


pr. 


0 
0 


0 

0 


0 
0 


1 

6 


1 
1 


10 


042 
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OBAK6B. 

Chemieal  Exatminalion  oj  Water  from  the  Distributing  Reservoir  of  the  Orange 

Water  Works. 

[ParU  per  100,000.] 


a 

o 
9Q 


I 


u«ao 

11967 


VDTL 


lUr.22 
Apr.  2 
Apr.  10 
Apr.  80 


Ut74.  JniMlS 


1SS48 
12706 
128t8 
UlOO 
18300 
]8fi28 


At.*' 


Jal7 10 
Ang.lO 
Bept.18 
Oet.  17 
NoT.Sl 
Dee.  10 


APPSABAirCS. 


1 


Blight. 

Slight. 

V.  slight. 

V.elight. 

Blight. 

Blight. 

Dlftlnet. 

Blight. 

Slight. 

V.  slight. 

V.tUght. 


■J 

s 

a 
1 

CO 


BUght, 

white. 
Blight. 

Slight. 

Cone., 

eeDdy. 
BlighU 

V.tUght. 

Slight. 

Blight. 

Slight. 

V.  slight. 

Slight. 


0.22 
0.18 
0.20 
0.28 
0.40 
0.20 
1.40 
0.85' 
0.60 
0.68 
0.88 


0.62 


Rbsiddi  ok 

EVAFORA- 

noM. 


1 


2.46 
2.00 
8.65 
2.10 
8.80 
4.26 
6.00 
4.76 
8.00 
8.76 
8.25 


8.08 


§ 


I 


1.06 
0.86 
0.70 
0.06 
1.90 
1.60 

8.66  > 

I 

2.80  ! 

I 

1.75  ! 

1.06 

1.25 


Ammoxu. 


Albuminoid. 


i 


I 


1.68 


.0010 
.0000 
.0002 
.0000 
.0016 
.0008 
.0018 
.0004 
.0000 

.0006 

I 

.0000 


.0128.0008 
.0004.0072 
.0086  .0072 


.0080 

I 
.0022 


.0126 
.0184 
.0114 
.0346 
.0288 
.0160 
.0122 


.0007 


.0171 


.0006 
.0166 


.0014  .14 


I 


.00 

.11 


.0080  .16 


.0018 


.0006  .0018 


.0302 
.0240 
.0140 
.0100 


.0100  .0000 


.0146 


.28 
.11 


.0044  .11 

I 
.0048,  .18 


.0010 
.0022 
.0016 


.0025 '.14 


.14 
.18 
.16 


NmOOBK 


.0060 


.0000 


.0030.0000 
.0080.0000 

.ooso'.oooo 

.0000.0001 


a 

0 
a 
B 

a 
I 


.0000 
.0080 
.0020 
.0020 
.0070 
.0080 


.0028 


.0004 
.0000 
.0001 

I 

.0000 
.0000 

.0000 


.0001 


.8486 
.2908 
.2781 
.0087 
.4648 
.8808 
1.0305 
.7460 
.6461 
.6226 
.4178 


i 

a 
I 


.6186 


0.2 
0.8 
0.8 
0.6 
0.8 
0.0 
0.0 
1.8 
1.1 
0.0 
1.1 

0.8 


*  Where  more  than  one  eample  wee  eolleeted  In  a  month,  the  mean  enelysla  for  that  month  hae  been 
used  In  making  the  aVerage. 


Odor  of  No.  11980,  Tery  faintly  aromatie;  of  Not.  11087, 12874, 12765, 12078  and  18880,  yegetable;  of 
Ho.  12090,  dietlnotlj  disagreeable  and  flshy ;  of  the  remaining  samples,  none.  On  heating,  the  odor  of 
the  first  foar  eamplee  wae  decidedly  oily.  ^— The  samplee  were  eoUeeted  ttom  the  reservoir. 
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OBANGB, 

Microscopical  Examination  of  WaUrfrom  the  Distributing  Reservoir  of  (he  Orange 

Water  Works, 

[Number  of  orgmlmia  p«r  cubic  centtmeter.] 


Day  of  ezamiiuttlonf 
Number  of  nmple. 


PLANTS. 
DlatomaoeeB,  . 

Aeterionella,   • 

Orcloiella, 

Meloilre, 


Synedrft, . 
TabellariA, 


Alff8B, 


OhloroeoocuSi . 
Cloiterlum, 
Protoooeent,    . 
Baphldium,     . 


Fungi,  Crenotbrlz,    . 


ANIMALB. 
InftiBoria, . 


Dinobryon, 
Dinobryon 
Monaa,     . 
Perldlnlam, 
Uroglena, 


18M. 


Mar. 


23 
11930 


Apr. 

4 

1198T 


Apr. 


11 
12090 


Mi^. 

1 
12121 


Jane. 


July. 


le 

12874 


17 
12543 


Aug. 

16 

12765 


Sept. 


Oct. 


Not. 


19 

12978 


18 
13160 


0 

1 

8 

pr. 


1 
0 
0 
0 


5SS 

48 

290 

0 

0 

200 


0 
0 
21 
2 
5 


0 
0 
0 
0 


22 
18360 


Dec. 

21 
13528 


9 

28 

57 

M 

156 

71 

0 

0 

0 

0 

0 

0 

0 

47 

0 

0 

0 

0 

0 

1 

0 

6 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

6 

28 

56 

12 

36 

1 

0 

0 

1 

0 

1 

11 

120 

17 

0 

0 

0 

0 

10 

4 

46 

18 

0 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

48 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

6 

0 

0 

0 

0 

0 

0 

5 

8 

0 

0 

418 

880 

284 

11 

0 

87 

187 

0 

0 

19 

84 

0 

0 

0 

8 

0 

0 

0 

96 

106 

84 

9 

0 

30 

192 

0 

0 

0 

0 

0 

0 

0 

0 

•  3 

0 

0 

1 

250 

0 

2 

0 

4 

2 

0 

0 

800 

200 

0 

0 

0 

0 

0 

0 

5 
0 
0 
0 
0 


0 
0 
0 
0 


0 
0 
0 
0 
0 


Ml$eetlanecu$,  ZoSglcM, 


52 


0 


Total, 


547 


444 


899 


262 


78 


28 


296 


289 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES-  281 

ORANGE. 

Chemical  Examination  of  WaUrfrom  a  Faucet  in  Orange  9uppliedfrom  the  Orange 

WaUr  Works. 

[ParU  p«r  100,000.] 


• 

i 

i 

AFPBASiLaCB. 

Rksidub  ok 

EVAPOKA- 
TIOK. 

AXMOIOA. 

4 

9 

.10 

NiTBOOBK 

s 

1 

I 

• 

9 

• 

ft 

!" 

1 
1 

1 

Albamlnotd. 

1 

£ 

1 

0 

1 

i 

1 

H 

• 

1 

1^ 

(B 

1 

11987 

18M. 

Mar.  22 

SHght. 

Slight. 

0.25 

2.50 

0.90 

.0008 

.0068 

.0064.00041 

.0030 

.0000 

.8476 

0.6 

new 

Apr.  2 

V.  alight. 

V.  slight. 

0.18 

2.80 

1.00 

-.0018 

.0060 

.0066  .0014 

.11 

.0050 

.0000 

.2872 

0.8 

Utai'Apr.lO 

jV.tUghi. 

V.  alight. 

0.22    2.35 

'1 

1.00 

.0002 

.0070 

.OO.'VO'.OOU' 

.14 

.0000 

.0000 

.2804 

0.2 

U122 

Apr.  30 

,  Nona. 

V.  alight. 

0.28    2.90 

1 

1.00 

.0000 

.0080 

.0062.0018 
.0062  -0012 

.18 
.12 

.0060 

.0000 

.3026 
.3044 

0.6 

At. 

0.23 

2.04 

0.97 

1 

.OOiT  -OOTl 

1 
.OOJT  .0000 

0.4 

1 

1 

1       1 

1 

Odor  of  tha  flrat  umpla,  dacldad;  of  the  McoDd,  diatinctly  oUy;  of  the  third,  daddedly  dlaagree> 

able  and  flahy,  beeomlag  oily  on  heating ;  of  the  fourth,  distinctly  Tegetable  and  graaey . The  eamplea 

were  eirtleeted  from  a  fianeet  In  the  town. 


MUroaecptcal  Examination  of  Water  from  a  Faucet  in  Orange  supplied  from  the 

Orange  Water  Works* 

[BTomber  of  organlama  per  enblo  eentlmeter.] 


Day  of  examination, 
Number  of  sample, 

PLAHT8. 
»,    .       .       . 

FragUazfa, 

Byncdra,    .... 

Tabellarla, 

Fun^,  Crenothriz, 

AinMALB. 
Infusoria.   .... 

DInobryoo, 
Dlnobryon  caaea, 
Peridininm, 
Uroglena  sporocyata, 

MUcettoMOutt  Zodgloa, 

Total,      .... 


March. 


28 
11987 


0 
1 
2 


41 

2 

89 

0 

0 


1S94. 


April. 


4 

11988 


6 
2 

0 


0 


78 

1 

70 

1 

1 


AprlL 


11 
12081 


0 
0 
0 


0 
86 

0 
8 


May. 


1 
12122 


0 

90 

pr. 


pr. 


0 

6 

pr. 


18 


46 


80 
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PAUUBB. 

Water  Supply  of  Palmer  Fire  District,  Palmer.  —  Palmer 

Water  Company. 


Chemical  Examinalion  of  Water  from  a  Faucet  in  Palmer, 

[PatU  per  100»000.] 


• 

s 

« 

Appkarancb. 

RXUDDB  OK 

EVAPOKA- 

TIOH. 

Ammowia. 

• 

« 

e 
.11 

NlTBOOBW 
AS 

■ 

1 

o 

• 

■w' 

1 

1 

g 

r 

1 

Albuminoid. 

• 

1 

■ 

■ 

1 

t 

il 

a 

4 

.0018 

§ 
1 

12370 

18IM. 

Jan«16 

DittlDOt. 

Oont., 
brown. 

0.28 

8.60 

1.16 

1 
1 

1 
1 

.0004  .0002 

■OOM 

.0000 

.0000 

.2168   1.1 

1 

Odor,  dlatlnotly  vegetable. 


Micro8oopical  Examination, 


Dlatomacea,  Diatama,  8;  Melotira,  7;  Kavieula,  1;  8%arireUa^  1;  Sjfnedra,  6;   Tabellaria,  8. 
Infueoria,  Dinobryon  catet,  4.    Miioellaneoiu,  Zo6gkM,  60.    Total,  88. 


Water  Supply  op  Pbabody. 

Chemical  Examination  of  Waier  from  Brown's  Pond,  Peabody. 

[Parta  per  100,000.] 


g 


12810 


6 


2 


8ept.lO 


ArrSAKAllCB. 


^ 

3 

A 

g 


Dietlnoi. 


s 

a 


a 


Blight. 


0.18 


Rbaidob  ox 

EVAPOBA- 
TIOM. 


I 


2.06 


I 

si 


J- 


1.90 


Ammovia. 


I 


Albuminoid. 


I 


il 


Si. 


,0018 


.0184 


.0164 


.0010 


9 
P 


.68 


KiTBOOsa 


I 


.0080 


.0000 


I 


0.8 


Odor,  faintly  vegetable. The  aample  waa  ooUeeted  from  the  pond. 


Microscopical  Examination, 

Cyenophycem,  JpAan«capca,  2.    Algm,  Arthrodettntu,  I;  Oo$9narium,l,    Infaaoria,  i^sKdlAJiim, 
6;  Trach€U>monai,2,    Mlacellaneoaa,  ^d^toa,  80.    Total,  01. 
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PEABODT, 

Chemical  Examination  of  Water  from  Spring  Pond,  Peabody, 

[PurU  p«r  100,000.] 


I 


WIS 


c 
o 


6 


SQ  S 


SepUlO 


ArrsAJtAVCB. 


a 


i2 


I 


DIttlnet. 


BUghi, 
earthy. 


Rksiddi  oh 
Etapoka- 

TIOM. 


I 


e 

A 

h 


I 


0.02    8.60 


0.46 


AmioaiA. 


I 


AlboinliioM. 


I 


.0010 


.0126 


S 


I 


fib 


a 


.0100 


.003A.64 


Nino«BN 


8 

I 


I 


.0020 


.0000 


i 

a 

& 

I 


i 


.0034 


1.4 


Odor,  ffttnlly  ▼•g^Ubto. The  eample  was  oolleeud  from  the  pood. 

Miero$eopic€U  Examination. 

Dlatoinaoe»,  FhuinlaHa,  1;  Syn^dra,  6;   Tttbellaria,  4.     CyaoophyeeM,  Anab«ma,  IS.     AlgM, 
UUMkrix^  3.    Infnaorla,  Aritfiwlvm,  12.    If iMellaDeooe,  Zodglaa,  44.    Total,  80. 


Peppebbll. 

Chemical  ExanUnation  of  Water  from  Various  Sources  oolUeted  in  OonnecUon  toith 

an  Investigation  for  a  Water  Supply  for  PeppertU. 

[ParU  per  100,000.] 


B 

9 


3 
o 


Aptbabakcb. 


13178  Oct.  10 
13321  Not.  16 
13877  Not.  26 


13378 
13879 
18408 


Not.  26 
Not.  26 
Dee.  1 


13409.  Dee.  2 


I 


a 
« 


SUghU 

None. 

Nooe. 

V.  alight. 

None. 

Blight. 

V.  alight. 


Slight. 
V.tUght. 
V.  slight, 
v.  slight. 
Slight. 
SUght. 
V.  alight. 


0.07 

I 
0.30 

0.66' 

0.60, 

0.80 

I 

0.80, 

0.60 

I 


RBSiDgs  ox 

Etatoba- 

nox. 

1 

• 

r 

2.26 

0.06 

8.66 

3.00 

4.60 

1.76 

6.46 

1.00 

6.80 

1.40 

8.76 

1.30 

3.96 

1.66 

1 

AmoaiA. 


I 


Albomlnold. 


*l 


.0004 
.0000 
.0010 
.0000 
.0003 
.0008 
.0000 


.0108 
.0090 
.0164 
.0162 
.0090 
.0212 
.0120 


.0180 
.0074 
.0186 
.0138 
.0080 
.0190 
.0108 


.0018 
.0016 
.0018 
.0034 
.0010 
.0022 
.0012 


.16 

HnBooaii 

AS 

1 

s 

» 

.0100 

.0000 

.81 

.0880 

.0000 

.30 

.0030 

.0000 

.30 

.0180 

.0000 

.28 

.0460 

.0000 

.17 

.0080 

.0000 

.17 

.0080 

.0001 

.8684 
.8483 
.7083 
.6823 
.3076 
.4861 
.6467 


0.3 
4.8 
1.8 
3.3 
3.6 
3.1 
1.4 


Odor  of  Nos.  13377, 13408  and  18400,  Tegetable;  of  the  other  samples,  dods. The  samplea  were 

ooUeeted  aa  follows :  No.  18173  from  Rock  Pond  In  HolHs,  New  Hampahlre,  near  the  surface ;  No.  18881 
from  Sucker  Brook  at  Oak  HIU  Street,  Pepperell;  No.  18877  from  Smith  and  Wllloughby's  Pood  od  Oalf 
Brook;  No.  18378  from  Unquetenatsett  Brook  at  street  between  Boston  and  Maine  Railroad  and  Naahna 
BiTor  in  DonaUble;  No.  13879  fh>m  Reedy  Meadow  Brook  at  Leighton  Street;  No.  18408  from  Heald's 
Pond ;  No.  18400  from  Nlsstttssltt  RlTsr  at  North  Village. 


284 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


PBPPERBIili. 

Microscopical  Examination  of  Water  from  Various  Sources  coUeeted  during  an 

Investigation  for  a  Water  Supply  for  PeppereU. 

[Namber  of  organitmt  p«r  cable  oentimeter.] 


1«94. 


Oct. 


Not. 


Not. 


Not. 


Not. 


Dee. 


Day  of  examination 

Namber  of  eample 

PLANTS. 
Diatomaceeo, 

Cyelotella 

Fragllaria, 

Grammatophora 

Odontldlum, 

Brnedra,  ...... 

Tabellaria, 

Oyanophyceed,  Anabana,    . 

▲lff8B, 

Protoooeeaa, 

Stanraatram, 

Funcrlt  Crenothriz,    .... 

ANIMALB. 
Bhizopoda,  Difflogia, 

InfUBorla 

DlnobryoD, 

Dlnobrvon  cases,    .... 

Peridlnium, 

Bynura 

Vermes,  Annrea,      .... 
MUceUaneou9t  ZoSglooa, 

Total 


22 

20 

27 

27 

27 

8 

13173 

13321 

18377 

18378 

13879 

18408 

8S 

0 

1 

6 

7 

M 

32 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 

7 

24 

0 

0 

0 

2 

0 

0 

8 

0 

0 

0 

0 

0 

44 

0 

0 

0 

0 

0 

43 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

6 

1 

0 

0 

0 

Dec 


8 
18400 


0 
0 
0 
0 
0 
0 


0 


0 

0 

0 


2 

0 

0 

0 

0 

0 

6 

0 

9 

0 

pr. 

SO 

0 
5 

1 
0 

0 
0 
0 
0 

2 

7 
0 
0 

0 
0 
0 
0 

0 

0 

0 

pr. 

1 
86 

0 
18 

1 

0 

0 

0 

0 

0 

0 

1 

0 
0 


0 
0 

1 


112 


0 


207 


11 


74 
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FEPPEBELIi 

Chemieal  Examination  of  Waierfrom  a  Test  Well  and  a  Spring  in  PeppereU, 

[Pftrto  per  100»000.] 


g 

ArrsASJiiiCB. 

1 

n 
ration. 

Ammohia. 

NXTBOOBS 
AS 

} 

i 

a 

9 

%0 

1 

1 

i 

• 

1 

f 

• 

1 

i 

• 

1 

• 

1 

ll 

1 

1 

1 

1SI74    Oet.      19 

None. 

Blight. 

0.08 

8.60 

.0000 

.0010 

.27 

.0000 

.0000 

.0164 

6.8 

.0160 

U3T6 

Nov.    20 

None. 

1 

y.eUght. 

0.02 

0.00 

.0004 

.0016 

.83 

.0200 

.0000 

.OMO 

8.8 

.0100 

Odor,  Done. The  flnt  eample  wm  oollected  from  a  S|^inch  tobalar  tMl  well  26.8  feet  in  depth, 

located  abont  200  feet  weat  of  Backer  Brook  aod  800  feet  north  of  Bartelle  Street;  the  laat  sample  from 
Sarteiie's  Bpring,  about  100  feet  weat  of  Backer  Brook  and  north  of  Bartolle  Street. 


Microscopical  Examination. 

No.  18174.    No  orgmnlams. 

No.  13376.    DUtomaeesB,  TabeUaHat  1.    Algas,  (h^ferfM,  I.    Fangl,  Ormoikrix,  S.    Total,  4. 


PiTTSFIBLD. 

Chemical  Examination  oj  Water  Jrom  a  Well  and  a  Spring  oj  the  Pontoosue 

Woolen  Chmpany,  Pittsfield. 

[PuiM  per  100,000.] 


a 

0 


12880 
12831 


Aug.  27 
Aag.  27 


Appiabaxcs. 


a 


I 


i 

a 


V.  slight. 
None. 


Blight. 
V.sUght. 


0.02 
0.02 


g 


%t 


27.70 
40.20 


Ammowia. 


'        -d 

1 

i^ 

IM 

'< 

.0006 
.0000 


.0020 
.0013 


! 


0.16 
1.84 


KlTSOOBW 


i 


1000 
J600 


.0001 
.0001 


i 


I 


.0154 
.0281 


26.8 
84.6 


.0110 
.0180 


Odor  of  the  first  sample,  decidedly  disagreeable;  of  the  second,  none. The  first  sample  was  col- 
lected from  the  well ;  the  laat  from  the  spring. 


Microscopical  Examination, 

No.  12880.    Fangi,  Ormufthri*,  8;  lfold§,  1.    Total,  9. 
No.  12881.    No  organisms. 
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Water  Supply  of  Plymouth. 


Chemical  EzamincUion  of  WcOerfrom  Little  South  Pond^  Plymouth, 

[PartB  per  100,000.] 


,  Date  of  Collection. 

APPBARAIfOB. 

Rksidub  on 
Evapora- 
tion. 

Ammokia. 

• 

1 

O 

.64 
.58 
.61 
.68 
.63 
.70 
.70 
.70 

.66 

NlTROOKH 
AS 

■ 

a 

a 

m 

a 

o 

• 

1 

H 

v.  Blight. 

jv.  Blight. 

1 

V.  Blight. 
,  None. 
V.  Blight. 
Slight. 
Slight. 
SUght. 

a 
9 

s 

1 

\ 

9 

o 

O 

■ 

1 

4 
J- 

• 

i 

Albnminold. 

m 

1 

• 

s 

• 

1 

cS 

• 

5' 

4 

00 

« 
M 

CS 

X 

11670 
11852 
11996 
12146 
12352 
12559 
12991 
13459 

1894. 

Jan.  22 

Bftar.  6 

Apr.  3 
May   1 
Jnnell 
July  16 
Sept.l9 
Deo.  10 

Cona. 

Slight, 

earthy. 
Slight, 

white. 
Slight, 

white. 
Slight. 

Slight. 

SUght. 

V.  Blight. 

0.03 
0.00 
0.01 
0.02 
0.05 
0.02 
0.08 
0.02 

0.03 

2.20 
1.85 
2.30 
:  3.25 
4.95 
3.25 
2.70 
2.60 

0.55 
0.50 
0.60 
0.80 
1.35 
1.10 
1.20 
0.55 

.0000 
.0014 
.0000 
.0014 
.0004 
.0034 
.0006 
.0006 

.0010 

.0082 
.0126 
.0134 
.0122 
.0152 
.0112 
.0160 
.0212 

.0138 

.0074 
.0112 
.0116 
.0100 
.0120 
.0090 
.0136 
.0162 

.0114 

.0008 
.0014 
.0018 
.0022 
.0082 
.0022 
.0024 
.0050 

.0024 

.0000 
.0030 
.0030 
.0000 
.0000 
.0000 
.0000 
.0000 

.0008 

.0000 

1 

.oooo' 

i 

.0000, 

1 
.0000' 

1 

.0000 
.0000 
.0000 
.0000 

.0000 

.1090 
.0944 
.0630 
.1216 
.1294 
.1987 
.1039 
.1001 

.1161 

0.8 

0.2 
0.0 
0.0 
0.5 
0.2 
0.8 
0.0 

Av. 

2.80 

0.83 

0.2 

Odor  of  No.  11670,  none,  becoming  vegetable  and  graaBy  the  next  day ;  of  No.  11852,  vegetable ;  of  No. 
11996,  very  faintly  vegetable  and  Bomewhat  oily;  of  No.  12146,  none;  of  No.  12862,  decidedly  diaagree- 
able;  of  No.  12559,  diattnctly  graaay  and  monldy;  of  No.  12991,  faintly  vegetable  and  graaay;  of  No. 
13459,  dlBtinotly  oily. The  BamploB  were  collected  from  the  pond. 


MicroscopiccU  Examination  of  WcUer  from  Little  South  Pond^  Plymouth. 

[Number  of  organlama  per  cubic  centimeter.] 


1S»4. 


Jan. 


Mar. 


Apr. 


May. 


Jane. 


July. 


Sept 


Dec 


Day  of  ezamioation, 
Number  of  aample,  • 

PLANTS. 

Diatomacees,     . 

Aaterionella, 

Synedra,     .       .       .       . 

Tabellaria 

Cyanophyceee,  Anob»na, 

AlersB, 

ProtococcuB, 
Baphldium, 


24 

7 

5 

3 

13 

18 

SO 

11670 

11852 

11996 

12146 

12352 

12669 

12991 

17 

64 

pr. 

8 

4 

38 

0 

0 

3 

26 

pr. 

2 

10 

0 

0 

1 

0 

8 

21 

17 

1 

0 

5 

2 

0 

0 

0 

0 

1 

0 

6 

2 

11 

13469 


0 
0 
0 


0 
0 
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PliYMOUTH. 

MicroteopiealExaminaiionof  Waterfrom  LitUe  South  Pdnd,  Plymouih^Concluded. 

[Nnmbar  of  organlama  per  enble  ceottmeCer.] 


ANDCALB. 
InAiooxia,    . 
IHnobryoo, 


Dtaobryoii 


PeridlBlom, 
8t«Dtor, 
nrofleiia,    . 


Vermes,  Moooeeim,  . 


Total, 


Jan. 


306 
0 
1 
1 
0 
0 

0 

0 

281 


ise4. 


Mar. 


S 

6 


Apr.        Mmj.      Jane.       July. 


s 

115 

0 

400 

3 

210 

0 

0 

1 

4 

0 

1 

0 

0 

0 

0 

0 
6ft6 


5 

0 

I 

0 
0 
0 
0 

1 
t 

26 


0 

0 
0 
0 
0 
0 
0 


Sept.        Dee. 


0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 


It 

M 

N 

79 

flO 

58 

5S 

10 

18 

0 

0 

0 

26 

0 

0 

&3 


Chemical  ExamituUum  of  Water  from  Faucets  in  Plymouth^  supplied  from  the 

Plymouth  Water  Works, 

[PferU  per  100,000.] 


Jl 


134S3 
18460 


I 

I 


iee4. 

Dee.  6 
Dee.  10 


AmjLMAMcm. 


a 
« 


d 


V.  alight. 
iV.aHgfat. 


Blight. 
V.  alight. 


0.00 
0.02 


KaaiODB  ox 

Btapoia- 

noii. 


a' 
o 


I" 


I 


2.65 
2.66 


0.76 
0.66 


Ammoxia. 


I 


Albuminoid. 


i 


I 
1 


A 


.000«. 


.0000 


.0144.0134. 
.0168|.016S|. 


0030 
0016 


9 

I 


.67 
.68 


HiTBOOBW 

Aa 


i 

I 


i 


.0000 
.0000 


.0000 
.0000 


i 


8 

I 


i 
I 


.1078'  0.5 
.1116|  0.3 


Odor,  deeidedlT  oily,  beeomlng  atronger  on  heeUog. The  flrat  aample  waa  oolleeted  al  the  Town 

Hall,  and  the  laat  Rom  a  faucet  on  Howland  Street. 

Microscopical  Examination. 

No.  18453.  Dlatoniaee»,  Aatertoneltat  16;  8ynedra^A\  7\MMlarla,  10.  Infnaoria,  Dinobtyon  ca«e«, 
30.    Total,  60. 

No.  18460.  Diatomaoew,  AMUrkmflia,^;  MeioHra,  2;  JiferidUm,  1;  Sffnedrat  7.  Infnaoria,  Dino. 
5fyM,  1 ;  Dlmobrycm  oolm^  11.    Total,  81. 


Chiemicdt  ExamincUion  of  Water  from  Cold  Spring^  Plymouth, 

[ParU  per  100,000.] 


Data  of 

OoUeetlon. 

APFaAnAiiOB. 

Raatdne  on 
Evaporation. 

AimoxiA. 

I 

NlTBOOKK 

AB 

s 

s 

t 

Hardness.             1 

1 

a 

1 

1          H 

1 

1 

1 

.0000 
.0004 

< 

.0000 
.0012 

1 

1 

■ 

1 

• 

12608 
13468 

leed. 

July    24 
Dee.      6 

None. 
None. 

None. 
V.  alight 

0.0 

0.0 

1 

3.90 
'  3.90 

.84 

.86 

1 

.0260 
.0250 

1 

.0000 
.0000 

.0000 
.0192 

0.6 
0.3, 

.0140 
.0000 

Odor,  none. 


Noo 


The  aamplea  were  oolleeted  from  Cold  Spring,  ao  called.  In  Court  Street. 

Microscopical  Examination. 
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PBOVXN'CTJTOWN. 

Water  Supply  op  Pbovinobtown. 

Chemical  ExamincUion  of  Water  from  the  Tubular  WeUs  of  the  Provincetown 

Water  Works. 

[ParU  per  100,000.] 


Date  of 

Collection. 

Appbasawce. 

• 

a 
o  S 

1 

Ammonia. 

S 

i 

J3 
O 

NmoGUr 

AS 

1 

0 

o 

.6109 
.6866 
.6440 
.6383 
.6109 
.7628 
.7681 
.7638 
.7007 
.7767 
.7646 
.7430 

• 

1 

• 

1 
1 

• 

§ 

1 

i 

1 

■ 

8 

1 

• 

S 

9^ 

m 

a 

s 

11622 
11722 
11867 
12027 
12176 
12366 
12640 
12766 
12013 
13114 
18278 
18662 

Jan.      9 
Feb.      6 
Mar.     6 
Apr.    10 
May      8 
June    12 
Jaly    16 
Aog.   14 
Sept.   10 
Got.       9 
Nov.     8 
Dec.    26 

Diatlnct, 

milky. 
Decided, 

mUky. 
Decided, 

floe. 
Decided, 
reddish. 
Distinct, 

milky. 
Decided, 

floe. 
Distinct, 

milky. 
Decided, 

milky. 
Decided, 

milky. 
Decided, 

milky. 
Decided, 

rusty. 
Decided, 

milky. 

Cons., 

yellow. 
Cons., 

rasty. 
Heavy, 

floo. 
Cons., 

rasty. 
Blight. 

Slight. 

rasty. 
Cons., 

rasty. 
Cons., 

rasty. 
Cona., 

rasty. 
Cona., 

rasty. 
Cona., 

maty. 
Slight, 

raaty. 

0.66 
0.70 
0.76 
0.60 
0.66 
1.20 
1.60 
1.46 
1.60 
1.60 
1.20 
1.10 

1.09 

7.20 
7.00 
7.60 
7.40 
7.00 
8.70 
9.20 
7.90 
8.60 
8.60 
8.00 
7.70 

• 

.0010 
.0036 
.0032 
.0012 
.0012 
.0048 
.0044 
.0066 
.0064 
.0078 
.0066 
.0072 

.0042 
.0090 
.0080 
.0066 
.0002 
.0066 
.0108 
.0116 
.0082 
.0102 
.0112 
.0128 

1.09 

2.01 

2.00 

2.03 

2.16  1 

2.24 

2.21 

2.20 

2.20 

2.26 

2.62 

2.36 

.0020 
.0000 
.0030 
.0100 
.0030 
.0000 
.0060 
.0100 
.0080 
.0030 
.0030 
.0060 

.0001 
.0001 
.0000 
.0000 
.0000 
.0000 
.0001 
.0001 
.0001 
.0000 
.0000 
.0000 

.0000 

2.0 
0.9 
1.8 
1.9 
1.3 

1.7 

.1200 
.0900 
.1750 
.1800 
.0050 
.2340 
.8100 
.2600 
.2400 
.8600 
.4800 
.2200 

Av. 

7.91 

.0043 

.0090 

2.19 

.0039 

.6878 

.2212 

Odor,  generally  vegetable  or  none. The  aamplea  were  eoUected  from  a  fanoet  at  the  pamplDg 

atatlon. 

Extended  referencea  aa  to  the  character  of  this  water,  which  dlifers  from  other  ground  waters  In  the 
State,  may  be  found  in  the  annual  report  for  1892,  pages  41-44  and  214-218. 

Microscopical  Examination  of  Water  from  the  Tubular  Wells  of  the  Provincetown 

Water  Works. 

[Number  of  organlama  per  cubic  centimeter.] 


18M. 

Jan. 

Feb. 

Mar. 

Apr. 

M«y. 

Jnne. 

Jnly. 

Aug. 

Sept 

Oct. 

Nov, 

Dee. 

Day  of  examination. 
Number  of  sample, . 

11 
11622 

8 
11722 

8 
11867 

13 
12027 

11 
12176 

14 
12365 

17 
12540 

16 
12766 

12 

12918 

11 
18114 

9 
13278 

27 
13562 

PLANTS. 
Fungri*  Crenothrix, 

6 

31,600 

780 

2,120 

76 

2 

72 

1,600 

200 

9f0 

20 

82 

Miic€Uaneou$,  Zobglosa, 

0 

71 

108 

412 

0 

0 

0 

0 

0 

0 

0 

0 

Total,       .... 

6 

81,676 

888 

2,632 

76 

2 

72 

1,600 

280 

020 

20 

02 
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PBOVINCJBTOWN. 

Chemical  Examination  of  Water  Jrom  Faucets  in  Provinceiown. 

[P«its  p«r  100,000.] 


of 
CollccUon. 

APPKASAaCB. 

■ 

1 

1^ 

AHMoaiA. 

. 

AS 

■ 

a 

a 

, 

1 

• 

s 

1 

-• 

," 

• 

1 

• 

s 

a 

a 

1 

1 

1 

SH 

1 

6 

i 

1 

1 

• 

1M4 

1 
* 

1S028 

Apr. 

10 

DMldod, 
maty. 

Oona., 
maty. 

0.75 

7.00 

.0008 

.0088 

2.06 

.0070 

.0001 

.6201 

1.7 

.1100 

isin 

May 

•i 

DlidDet, 
milky. 

V.  alight. 

0.00 

7.90 

.0000 

.0080 

2.21 

.0030 

.0000 

.6004 

1.3 

.1050 

ISUO  i  Jnoe 

12 

DIsUnet. 

Blight. 

1.00 

8.80 

.0000 

.0100 

2.41 

.0000 

.0000 

.6108 

.2000 

mUky. 
DMidod, 

mil 

Jnly 

10 

Oona., 

1.80 

8.10 

.0064 

.0114 

2.26 

.0060 

.0008 

.7702 

.3000 

rusty. 

maty. 

12767 

AoK. 

14 

Blight, 

1.80 

7.00 

.0000 

.0120 

2.20 

.0080 

.0004 

.6063 

.1600 

12014 

8«pt. 

10 

milky. 

DMidod, 

milky. 

maty. 
Blight, 
maty. 

1.80 

8.90 

.0088 

.0080 

2.10 

.0000 

.0003 

.6814 

.2000 

ini5 

Oct. 

0 

Deeidod, 

BUght. 

1.40 

8.60 

.0008 

.0086 

2.24 

.0000 

.0001 

.6826 

.2500 

13270 

Not. 

8' 

milky. 
DMided, 

BUght. 

1.40 

7.80 

.0088 

.0002 

2.86 

.0030 

.0000 

.7064 

.8500 

1 

lUiO 

Dee. 

6 

maty. 
Deddod. 

HoBTy, 

0.90 

8.10 

.0008 

.0100 

2.20 

.0080 

.0000 

.7302 

1     II 

.3200 

134W 

I>ee. 

1 
6 

maty. 
Deoldod, 

maty. 
Cona., 

1.00 

7.70 

.0084 

.0102 

2.20 

.0000 

.0000 

.7415 

.3400 

maty. 

maty. 

8.08 

.0096 

2.23 

.6646 

1.6 

At. 

1.20 

.0020 

.0025 

.0001 

.2206 

Odor,  goDarmlly  ▼•getable  or  dodo. The  aamplea  were  coUeeted  from  fanoeta  in  the  town,  and 

lepreaent  water  thai  haa  peaaed  through  the  tank. 


Microscopical  Examination  of  Water  from  Faucets  in  Provincetotvn, 

[Number  of  organisma  per  enbic  centimeter.] 


Day  of  examinatSmi, 
Nomber  of  aampie. 


PLANTS. 
Fungi,  Crenothrlz,      . 

1|7n 

MS 

n 

It 

1|I00 

86 

1,040 

40 

1|I60 

SOO 

ANDfALB. 
Inftiaorla,  Traehelomonaa, 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

Total, 

1,780 

806 

28 

78 

1,900 

06 

1,044 

40 

1,860 

800 
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QXJTSCY. 

Water  Supply  of  Qdincy. 

The  advice  of  the  State  Board  of  Health  to  the  city  of  Quiacy, 
relative  to  a  proposed  increase  of  the  water  supply  of  the  city,  may 
be  found  on  pages  38-41  of  this  volume.  Analyses  of  samples  of 
water  collected  in  connection  with  the  investigation  for  an  additional 
supply  are  given  in  the  tables  on  pages  294-296. 

Chemical  Examination  of  Water  from  Town  Brook  just  above  the  Storage  Reser- 
voir of  the  Quincy  Water  Works. 

[PartB  p«r  100,000.] 


1 
1 

APPEiOULKOa. 

RRaiDDB  OH 

EVAPOIA- 

TIOV. 

AmcoHiA.. 

• 

« 
a 

1 

.60 

NinOOKN 
AB 

m 

1 

1 
1 

8 

.4887 

• 

1 

1 

i 

Loason 
Ignition. 

1 

Albuminoid. 

• 

m 

s 

i 

• 

8 

i 

1 

in 

• 

1 

• 

is 

Q 

•a 

A 

00  ■* 

• 
a 

I 

11682 

IS94. 

Jan.  24 

V.  alight. 

Slight. 

0.00 

3.75 

1.35 

.0000 

.0102 

.0082 

.0020 

.0060 

.0000 

0.6 

11809 

Feb.  26 

V.  alight. 

Blight. 

0.50 

3.80 

1.26 

.0000 

.0110 

.0084 

.0026 

.65 

.0060 

.0000 

.4720 

0.8 

11940 

Mar.SO 

V.  alight. 

Slight. 

0.80 

3.80 

1.35 

.0000 

.0142 

.0128 

.0014 

.58 

.oa30 

.00(M) 

.6546 

0.8 

12090 

Apr.23 

V.  alight. 

Oona. 

1.25 

8.25 

1.45 

.0006 

.0196 

.0174 

.0022 

.61 

.0000 

.0000 

.8187 

0.5 

12260 

May  21 

V.  alight. 

Oona. 

1.80 

4.96 

2.55 

.0006 

.0226 

.0216 

.0010 

.54 

.0080 

.0000 

1.0418 

0.6 

12431 
12509 

Jane  25 
Jaly24 

Slight. 
Slight. 

BUght, 

brown. 
Oona. 

1.20 
0.75 

4.70 
4.30 

1.25 
1.55 

.0012 
.0000 

.0158 
.0154 

.0140 
.0130 

.0018 
.0024 

.54 
.55 

.0050 

.0050 

.0002 

.0001 

.6621 
.5144 

0.6 
0.8 

12795 
13020 

Ang.21 
8ept.25 

Decided. 
V.aUght. 

Cona., 

maty. 
SUght. 

0.66 

1.00 

4.10 
6.40 

2.00 
1.65 

.0000 
.0000 

.0248 
.0150 

.0170 
.0130 

.0078 
.0020 

.72 
.68 

.0000 
.0000 

.0000 
.0000 

.4774 
.6088 

0.7 
0.8 

13194 

Oct.  28 

V.  alight. 

V.  alight. 

1.20 

6.30 

1.90 

.0002 

.0164 

.0150 

.0014 

.68 

.0000 

.0000 

.7781 

0.9 

18382 

Nov.  27 

V.  alight. 

V.aUght. 

0.73 

4.60 

1.65 

.0006 

.0136 

.0104 

.0032 

.69 

.0020 

.0000 

.7478 

0.8 

13544 

Dec.  26 

V.  alight. 

Slight. 

0.60 
0.92 

4.25 

1.60 

.0004 
.0003 

.0114 
.0158 

.0098 
.0134 

.0016 
.0024 

.72 
.63 

1 

.5020 

0.6 

Av. 

4.31 

1.62 

.0080 

.0000 

.6879 

0.6 

Averages  by  Years, 


1887« 

1888t 

1880 

1890 

1891 

1892 

1898 

1804 


0.60 
0.45 
1.21 
0.73 
0.72 
0.87 
0.08 
0.92 


6.80 
8.64 
4.61 
5.22 
4.22 
4.57 
4.53 
4.81 


1.60 
1.06 
1.87 
2.17 
1.50 
1.66 
1.81 
1.62 


.0000 

.0001 
.0013 
.0024 
.0004 
.0041 
.0014 
.0003 


.0188 
.0122 
.0280 
.0187 
.0156 
.0191 
.0168 
.0158 


.0208 
.0166 
.0182 
.0159 
.0140 
.0184 


.0036 
.0032 
.0024 
.0082 
.0028 
.0024 


.66 
.64 
.48 
.62 
.49 
.66 
.67 
.63 


.0080 
.0070 
.0073 
.0126 
.0112 
.0114 
.0110 
.0030 


.0003 
.0001 
.0002 
.0001 
.0001 
.0001 
.0000 


.7208 
.6879 


1.8 
0.7 
0.8 
0.8 
0.6 


*  October. 


t  November  and  December. 


Note  to  analyaea  of  1894 :  Odor,  generally  diatinctly  vegeUble. The  aamplea  were  oolleeted 

from  the  brook,  above  the  reaervoir. 
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QriNCT. 

MieroacopictU  Examination  oj  Water  from  Town  Brook  just  above  the  Storage 

Reservoir  oj  the  Quincy  Water  Works, 

[Number  of  organUma  per  cubic  eeDttmeter.] 


I>»y  of  examiDatlon,    .... 
Number  of  ■ftmpto,      •       .       .       . 

PLANTS. 
PlatomaoecB 

AeterioDella,         .... 

MerMlon, 

Bjnedra, 

T'mbeUarU, 

AlffflS,  Deemldlnm 

Foilffl*  Crenothrlz,   .       .       .       . 

ANIMALS. 
Inftisorls, 

IMnobryoD,     •       •       •       .       . 

MODU, 

Perldlolam, 

Traehelomooae,     .       .       .        . 

MUeeOameouMt  ZoSglcsa,     . 

TOTAI., 


ISM. 

Jen. 

Feb. 

Mer. ,  Apr. 

Mej. 

Juoe.  July. 

Aug. 

Sept. 

Oct. 

Nov. 

80 

ueaa 

27 
11800 

28   26   2S 
11946  12096 12266 

i 

1 
27   26   22 

124811269912796 

1    1 

26   24 

18026 13194 

1 

28 
13882 

I>ec. 

27 

13644 


0 

24 

0 

0 


0 
1 


0 
2 
1 
0 


0 

2 

18 

2 


4t 

0 

1 

34 
8 


18 

0 

0 

10 

9 


7 
0 


0 
0 
0 
0 


0 
44 


71 

7 

0 

64 

0 


0 
4 


0 
0 
0 
0 


» 


40 


9»'    II 


0 
0 
0 
0 


0 


0 
0 
0 
0 


0 

1 


0 
8 

0 
0 


0 

t 


0 

0 

1 

pr. 

0 

0 

1 

134 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  ' 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

1 

pr. 

0 

0 

0 

180 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

3 
0 
0 

0 


27 


23 


a 


26 


68 


86   1,179      18 


10 


8 
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QUINCY. 

Chemical  Examination  of  Water  Jrom  the  Storage  Besenxnr,  Quincy. 

[ParU  par  100,000.] 


• 

a 

a 

Rksidde  cm 

£VAPOKA- 
TIOM. 

Ammonia. 

• 
.66 

NlTKOOBK 

g         Oxygen  Contnmed. 

• 

*i 

1 

• 

LoMon 
Ignition. 

• 

1 

Albumluoid. 

• 

c 

■ 

■ 

1 

1 

• 

1 

• 

1 

00 

s 

c 
"E 

11083 

Jao.24 

V.tUcht. 

V.aUght. 

0.55 

4.00 

1.85 

.0000 

.0128 

.0000 

.0088 

.0070 

.0000 

0.8 

11810 

Feb.  26 

y.sught. 

Blight. 

0.40 

8.80 

1.00 

.0008 

.0116 

.0104 

.0012 

.56 

.0070 

.000(» 

.4820 

0.2 

11047 

Mmr.26 

DUtlnct. 

Blight. 

0.53 

8.40 

1.05 

.0028 

.0164 

.0132 

.0032 

.65 

.0070 

.0000 

.4042  0.4 

12007 

Apr.  28 

Blight. 

Oons. 

0.38 

8.15 

1.85 

.0010 

.0150 

.0110 

.0040 

.66 

.0180 

.0000 

.4211 

0.5 

12267 

iay21 

DiltlDOU 

Oons. 

0.60 

8.45 

1.60 

.0014 

.0228 

.0164 

.0064 

.60 

.0080 

.0000 

.4883 

0.8 

12482 

Jon*  25 

Dtottnet. 

OODt., 

yellow. 

0.60 

4.15 

1.65 

.0000 

.0270 

.0200 

.0070 

.67 

.0000 

.0000 

.6376 

0.6 

12000 

Jal724 

Deeided. 
graen. 

Gone., 
green. 

0.60 

4.15 

1.00 

.0000 

.0274 

.0176 

.0008! 

.73 

.0040 

.0000 

.6182 

0.8 

12704 

Ang.21 

BUghU 

BUgbt. 

1.40 

7.85 

4.00 

.0006 

.0322 

.0208 

.0024 

.67 

.0000 

.0000 

1.5400 

1.6 

18027 

Sept.25 

DUUnet. 

Gone. 

0.70 

4.20 

1.80 

.0024 

.0288 

.0180 

.0108 

.66 

.0020 

.OOOOi 

j 

.4000 

0.8 

18105 

Get.  28 

Decided. 

Cons. 

0.00 

4.70 

2.00 

.0126 

.0856 

.0232 

.0124 

.71 

.0080 

.0000 

.5049 

0.9 

18888 

Not.  27 

DieUDOt, 
mUky. 

Cone., 
nuty. 

0.70 

4.60 

1.60 

.0022 

.0244 

.0168 

.0076 

.75 

.0050 

.0000 

.0929 

0.8 

18546 

Dm.  26 

Slight. 

Blight. 

0.65 
0.67 

4.20 
4.26 

1.85 

.0004 
.0020 

.0206 
.0229 

.0152 
.0167 

.0054 
.0062 

.74 
.67 

.0080 
.0053 

.0000 
.0000 

.6313 
.5069 

0.8 

Av. 

1.71 

0.8 

■ 

Averages  hy  Tears, 


• 

1888* 

. 

- 

0.60 

3.95 

1.18 

.0080 

.0178 

.0132 

.0046 

.68 

.0150 

.0003 

-. 

- 

- 

1880 

- 

- 

0.92 

8.76 

1.19 

.0116 

.0308 

.0238 

.0065 

.58 

.0087 

.0008 

- 

- 

- 

1890 

- 

- 

0.70 

4.56 

1.76 

.0085 

.0249 

.0178 

.0071 

.64 

.0166 

.0002 

- 

1.8 

- 

1891 

- 

- 

0.70 

8.97 

1.60 

.0027 

.0274 

.0178 

.0096 

.60 

.0100 

.0000 

- 

0.7 

- 

1892 

- 

- 

0.62 

4.07 

1.41 

.0051 

.0237 

.0175 

.0062 

.61 

.0098 

.0001 

- 

0.9 

- 

1898 

- 

- 

0.56 

8.81 

1.51 

.0052 

.0218 

.0172 

.0046 

.61 

.0104 

.0001 

.5052 

0.8 

- 

1894 

- 

- 

0.67 

4.28 

1.71 

^0020 

.0229 

.0167 

.0062 

.67 

.0058 

.0000 

.5969 

0.8 

*  November  and  December. 


NoTB  to  analyiee  of  1894 :  Odor,  vegetable,  and  occasionally  nnpleaaant. 
collected  from  the  reservoir. 


■The  samples  were 
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QUINCT, 

Microscopical  Examination  of  Water  from  the  Storage  Reservoir^  Quincy, 

[Number  of  orgmoUms  per  cubic  centimeter.] 


Dty  of  exAmlnatloD, 
Kamber  of  sample, 


PLANTS. 

Dlatomsce», . 


AsterloBellm, 

Cyclotella, 

Dwioma, 

Melorirm, 

lleridioD, 

Synedra, 

TabcllAil*, 


Cyanophyceca, 
Cbroococcoa,  . 


Alg», 


ChioroeooeiiB, 
CoDferra, 
ProtoeoccTXB,  . 
Raphidlnm,    . 
ScenedeBmna, 
Helenaitrum,  . 
Btaaraatram,  . 
Zoo«porea, 


Fungi,  Crenothrlx,    . 


ISM. 


Jan.  <  Feb. 


Mar.)  Apr. 


26  !    27 


25 


11683  11810,11947  19097 


Maj. 

28 
12267 


Jane.  |  July. 


Nov.     Dec 


28 
12432 


12600 1 12794 '  13027  •  13195 


18883   18646 


50  I    25 


48  I    24 


0  I  pr. 


0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
pr. 


200 

0 

76 
8 
0 
4 
116 
1 


»     1. 


5 
0 
0 
0 
0 
18 
6 


0 
0 
0 

0  I 
0  I 
0 
0 
8 


SO 

0 
0 
80 
0 
0 
0 
0 
0 


800 
0 
0 
0 
0 

280 
0 


0 
0 
0 
0 
0 
0 
2 
0 


1,413 

0,040 

4 

0 

2 

0 

0 

0 

0 

0 

0 

0 

1,400 

5,840 

7 

20O 

4 

0 

7 

10 

0 

0 

0 

0 

0 

0 

6 

8 

2 

2 

0 

0 

0 

0 

0 

0  1 

82 

0 

0 
0 

1 

0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 


12 

0 
0 
0 
6 
0 
2 
4 


0 
0 
1 
0 
0 
0 
0 
0 


125 

96 
0 
8 
0 
0 

24 
2 


12 


0 
0 

4 
0 
0 
0 
0 


4,008   3,208 


24 

4,000 
0 
0 
2 
10 
0 
0 


0 
8,280 
0 
0 
0 
0 
6 

0  : 


0 
0 
0 
0 
0 
0 
0 


2,042 

0 
2,640 
0 
0 
2 
0 
0 
0 


ANIMALS. 

Rhizopoda,  DifflogU, 

InftiBoria. 

Cryptomonaa, 
DtDobryon,     . 
Dinobryon  caiei,  . 
MoDas,    .  • 

PerldlDlnm,    . 
Traebelomooaa, 

Vermes,   .      . 

Annrea,  . 
Polyartbra,     . 
Rotatorian  oya. 
Rotifer,  . 


0 

0 

1 

0 

88 

23 

101 

0 

0 

0 

0 

1 

0 

4 

0 

92 

0 

0 

8 

84 

22 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

18 

8 
1 
6 
0 
4 
0 


0 

0  I 
0  . 
6| 
1 


1 
1 
1 
3 


2 
1 
0 
2 


201 

0 
0 
0 
0 
200 
1 


0 
0 

1 
1 


0 

0 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

108 

0 

1 

0 

5 

0 

0 

0 

0 

°  i 

2 

0 

8 

0 

0 
0 
0 
8 
76 
6 


3 


14 

0 
0 
0 
0 
9 
6 


8 
0 
0 
1 


2 
1 
1 
1 


74 

60 
0 
0 
0 

24 
0 


10 

6 
2 
2 
0 


14 

0 
0 
0 
0 
14 
0 


2 
0 
0 
0 


aiKtUantmft  Zoogloea, 


Total,   . 


112      128 


720  i    410    1,820 


138  I    48  '  426 
I 


212 


1.818 


2.099 


7,484 


87 


189 


6,166 


3,382    2,668 
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QUINCY. 

T(d>le  shatoing  Heights  of  Water  in  the  Storage  Reservoir  of  the  Quincy  Water 
Works  on  Dates  when  Samples  of  Waler  were  collected  for  Analysis, 

[High-water  mark  la  86.71  feet  above  city  base.] 


1894. 

Heights 

above  City 

BaM. 

1S94. 

Height! 

abore  City 

Ba«e. 

Jan.     S4 

Feb.     26, 

March  26 

April   23 

May     21 

June    26 

Feet. 

83.8 

86.7 
86.7 
86.7 
86.5 

86.5 

July   24 

Aug.  21 

Sept.  25 

Oct.    23 

Nov.   27, 

Dec.    26 

Feet. 
82.9 

80.5 

78.4 

77.7 

82.3 

86.1 

Chemical  Examination  of  Water  from  the  Brook  flotving from  the  Present  Storage 

Reservoir  of  the  Quincy  Water  Works. 

[Parte  per  100,000.] 


Rksiduk  om 

• 

^■^ 

a 

APPBA.IANCS. 

EVAPOBA- 
TIOM. 

AmroviA. 

NITKOOKK 

AM 

3 

• 

c 

Albuminoid. 

5 

K 

«f 

o 

• 

• 

5 

• 

1 

O 

1 

a 

§ 

o 

.J 

•ton 
Ignlt 

• 

1 

1 

•8 

• 
c 

i 

1 

£ 

1 

s 

3 

a 

1 

9 

«a 

9 

s 

o 

o 

3 

^  *■ 

9  a. 

A 

M 

oa 

^ 

Q 

H 

* 

O 

H 

Bm 

H 

Q 

CO 

s 

^ 

^ 

o 

1.^ 

1S94. 

1 

18370 

Nov.  22 

DlstiDCt, 

milky. 

Heavy, 

rusty. 

0.18 

6.50 

0.B5 

.0846  .0254 

.0192 

.0062 

.70 

.0000 

.0001 

.0920 

2.2 

13401 

Dec.  17  1 

Decided, 
milky. 

Heavy, 
rusty. 

0.60 

6.80 

1.80 

.0840  .0072 

.0062 

.0020 

.71 

.0070 

.0000 

.0862 

1.9 

13490 

Dec.  17  1 

SUKht. 

Cods., 

0.20 

4.60 

2.00 

.0136  .0092 

.0076 

.0016 

.62 

.0060 

.0001 

.1155 

1.4 

1 

1 

milky. 

rusty. 

Iron,  No.  13870,  .4000;  No.  13401,  .3000;  No.  13490,  .1260. Odor  of  the  first  two  samples,  noue; 

of  the  last,  distinctly  vegetable. The  first  two  samples  were  collected  from  the  brook  below  the  dam, 

and  the  last  from  the  brook  a  short  distance  above  the  point  where  It  is  crossed  by  a  road,  about  1,000 
feet  below  the  dam. 
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QUINCY. 

Microscopical  JExamincUum  of  Water  from  the  Brook  flowing  from  the  Present 

Storage  Reservoir  of  the  Quincy  Water  Works, 

[Number  of  organiama  per  cubic  ceDtlmeter.] 


1S94. 


Movambcr. 


December. 


December. 


Day  of  examinadoo 

Kamber  of  lample 

PLANTS. 
Dlstomaoeca,      .      .      .      . 

Aaterlonella,        .        .       .       . 
Synedra, 

Al^rCBf  Sphssrozoama, 

FanfiTlf 

Creootbriz, 

Molda 

MiteeUanecutt  Zo^Sgloea,  . 

Total, 


23 
13370 


0 
2 


2,560 

2,M0 
0 


1|8tO 


8,882 


18 
18491 


0 
0 


780 

760 
0 


700 


18 
13400 


1 
1 


IS 


249 


Chemical  Examination  of  Water  from  a  Brook  North  of  the  Present  Storage  Reser^ 

voir  of  the  Quincy  Water  Works, 

[ParU  per  100,000.] 


on. 

APPaAXASCB. 

1 

KaaiDL'K  OH 

EVAPOBA- 

Amuoxxa. 

1 

1  NiTBOOBM 

▲a 

Oxygen  Consumed. 

Date  of  ColIccU 

TIOK.          1 

Chlorine. 

1         *■ 

1 

• 

e 

a 

Turbidity. 

■ 

1 

1 

Color. 

I 

1 

i 

Total.        > 

>umin< 

• 

»id.     1 

1 

Nitratea. 

• 

5 

1 

IM4. 

1 
1 

1 
i 

\ 

1 

1 
1              1 

1 

ysam 

Nov.22 ; 

1  Slight. 

Cona. 

1.40 

5.60     3.06  , 

.0020  .0318 

.0226  .0002^  .60  j 

.0030 

1 

.0000 

1.4040 

0.8 

13489 

Dec.  17 

V.  alight. 

Slight. 

1.36 

4.65     2.10  1 

.0008  .0146  .0116 

1          1 

.0030 

.71 

j.OOOO 

1 

.0000 

.7'j:  1  0.9 

1 

Odor,  dlatioctly  vegetable. The  flrat  aample  waa  collected  at  the  site  of  a  propoaed  dam ;  the 

la«t  sample  near  the  foot  of  a  large  gravel  bank  not  far  above  the  Junetion  of  thia  brook  with  the  brook 
which  flowa  from  the  preaent  atorage  reaervolr  of  the  Qalney  Water  Worka. 


Microscopical  Examination. 

No.  18360.  Diatomaces,  IHaioma,  8;  XpUhemta,  I;  Fraffilaria,  4;  JiferidUm,  4;  NavictUa,  7; 
Aanvkiria,  6.    Fungi.  Ortnothrix,  82;  Mold;  3.    Rhizopoda,  AciinopKryt  1.    Total,  60. 

No.  13489.  Diatomaceae,  AtterioneUa^  2;  Diatomat  1;  KpUhemia,  1;  Oomphonema,  2;  Meridion, 
8;  Kavicula^^.    Fungi,  Orenothrix^  6;  Moldn,  1.    Total,  19. 


296 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


QUINCY. 

Chemical  Ezaminalion  of  Water  from  Blue  Bill  River  where  it  is  crossed  by  West 

Street^  Braintree. 

[Parta  per  100,000.] 


• 

1 

§ 

Q 

APPEA.RA1ICB. 

Kksiul'k  on 

EVAPORA- 
TIOK. 

Amu 

OKI  A. 

>umin< 

■ 

c 
H 
o 

O 
.56 

NlTBOQKM 
A8 

limed. 

• 

Z 

a 
H 

e 
6 

1 

• 

5 

5 

Loss  on 
lirnitton. 

( 

AU 

)ld. 

1 

g 

• 

1 

B 

1 
i 

• 

1 

.0106 

1 

is 

c 

.0172 

• 

% 
.0024 

• 

n 

s 

• 

o     s 

13372 

18M. 

Nov.  22 

None. 

V.aUght. 

0.00 

4.20 

1.00 

.0000 

1 

1 
1 

1 
.0000 

.0000 

.8112   0.0 

:      1 

Odor,  faintly  vegetable. 

Microscopical  Examinatum, 

Dlatomacea,  ul«<«Hone/to,  1 ;  OycloUlla,!;  Kpithemiat2;  Orammaiophora,  2;  Si/nedra,  &,    Rhlz- 
opoda,  DifflugiUt  1.    Infuaoria,  Buglena,  1.    Total,  13. 


Water  Supply  of  Randolph  and  Holbrook. 

Chemical  Examinaiion  of  Waierfrom  Great  Pond  in  Randolph  and  Braintree. 

[Parte  per  100,000.] 


• 

§ 
© 

1 

o 
S 

Appbarakce. 

Residue  ok 

EVAPORA- 
TIOB. 

Ammonia. 

1 

> 

c 

1 

s 

.50 

.62 

1 
.66 

1 

1 

NiTROOBV  t 
AB 

umed. 

• 

o 
H 

c 
« 

1 

OS 

O 

5 

• 

1     H 

c 
.S 

r 

• 

I 

fib 

Albuminoid. 

1 

1 

• 

m 
« 

s 
o 

• 

«» 
Xi 

B 

a 

J5 

• 

1 

.! 

«•=• 

^    5 
5    3 

11050 
12430 
12827 
13207 

1S94. 

Mar.  27 

June  27 
Ang.27 
Oct.  24 

V.allght. 
Slight. 
V.allght. 
V.allght. 

V.allght. 
Slight. 
V.allght. 
V.allght. 

•  i 

0.68 
0.65 
0.80 
0.25 

3.85 
4.10 
4.65 
4.05 

1 

1.50 
1.05 
1.75 
1.50 

.0000 
.0010 
.0002 
.0002 

.0004 

1 

.0152 
.0176 
.0146 
.0148 

.0156 

.0128 
.0166 
.0128 
.0136 

.0137 

.0024 
.0020 
.0018; 
.0012 

.0000 
.0000 
.0050 
.0030 

.0020 

.0000 

1 

.0000 
.0000 
.0000 

.5605 

.5159 

1 
.3542 

.3752 
.4480 

0.8 
1.1 
1.6 
1.1 

Av. 

0.47    4.16 

1.68 

.0010  .63 

.0000 

1.2 

1 

1 

1 
1 

Odor  of  No.  12827,  none;  of  the  other  aamplea,  vegetable. No.  11059  waa  collected  from  a  faucet 

at  the  pumping  atation,  and  the  other  aamplea  from  fanceta  in  Holbrook. 

Microscopical  Examination. 

The  total  number  of  organtama  per  cubic  centimeter  found  In  theae  aamplea  varied  from  1  to  27  and 
averaged  13. 

Water  Supply  of  Reading. 

Early  in  1894  the  town  of  Reading  applied  to  the  State  Board  of 
Health  for  advice  as  to  a  proposed  method  of  purification  of  the 
water  supply  of  that  town,  and  as  to  the  propriety  of  abandoning 
the  present  supply  and  seeking  a  new  source.     In  the  course  of  the 
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investigations  of  the  Board  in  connection  with  this  application  many 
sanaples  of  water  were  collected  for  analysis  both  from  the  present 
works  and  from  test  wells  and  other  sources  within  the  limits  of 
the  town.  The  results  of  the  analyses  of  samples  of  water  from 
the  various  test  wells  are  given  in  tables  following  those  giving  the 
results  of  the  regular  monthly  examinations  of  the  water  of  the 
filter-gallery. 

Chemic(U  Examination  of  WcUer  from  the  Filter-gallery  of  the.  Reading  Water 

Works, 


[Parts  per  100,000.] 

• 

1 

1                -APFBABAJtCB. 

■   1 

AmfoviA. 

' 

SriTBO«KH 

AS 

■ 

1 

1 

^5 

i       1       1        « 

I* 

1 

e 

blorine. 

• 

1 

» 

m 
>         9 

1  g5 

i 

s 

1 

5    ! 

S(4 

s 

i 

i^ 

.   1 

5 

M 

1 

• 

a 

Z 

.4 

% 

a 

H 

ao 

U 

X 

Sh 

< 

o 

1 

SQ 

'A 

o 

a 

ISM 

i. 

1 

U«W  i  Jan. 

5 

Diatloet. 

Cons., 

0.15 

14.50 

.0064    .0008  , 

.50 

.0000 

.0001 

.2426 

6.3 

.1600 

1 

yellow. 

1 

1 

1 

11T26  ,  Feb. 

7 

Decided. 

Heavy, 

0.75 

1S.80  1.0058 

.0102 

.66 

.0080 

.0002 

;.3704 

6.0 

.2660 

1 

yellow. 

1 

1 

1 

1 

11867    Mar. 

8 

Decided. 

Cods., 

0.70 

12.00 

.0056    .0116  j 

.67 

.0080 

.0000 

.4640 

5.0 

.1000 

j 

rnsty. 

13010    Apr. 

0 

Decided. 

Coos. 

0.80 

0.40 

.0052 

.0112 

.64 

.0080 

1 

.0000 

.5480 

3.5 

.1600 

12172  1  Hay 

1 

8 

DlaUnct, 
milky. 

Slight. 

0.80 

10.(]0|'.0048 

.0008 

.54 

1 

.0030 

1 

.0000 

.5560 

8.6 

.1400 

12271  1  May 

1 

22 

DistiDCt, 

floe. 

Cons., 
flbroQs. 

0.40 

0.70,  .0034    .0084 

'             1 

.62  , 

1 

1 

.0000 

.0000 

.3822 

8.6 

.1100 

12346    Jane 

11.  Diailnet. 

Cons. 

0.70 

0.60  .0066    .0110  1 

.Ml 

.0030 

.0000 

.5467 

3.2 

.1160 

12S20 

July 

11  iDiatlnet, 
'      milky. 

Slight, 

0.48 

8.101.0044 

.0070 

.62 

.0070 

.0001 

.3858 

2.3 

.0600 

yellow. 
Slight, 

' 

12563 

July 

17 

Diatinet. 

0.65  • 

8.00 

.0036 

.0072 

.61 

.0060 

.0000 

.3126 

2.6 

.0900 

milky. 

white. 

■ 

' 

12788  \  Aug. 

j 

13 

SUght. 

None. 

0.40  ; 

8.30 

.0054 

.0082 

.70 

.0000 

.0000 

.2064 

2.2 

.1000 

12012    Sept. 

10 

;  Dlatinet, 

milky. 

Cons., 
whitish. 

0.28 

8.00 

.0040 

.0068 

.60 

.0000 

.0000 

.1604 

S.l 

.0850 

13100  .Oct. 

8    Distinct. 

Cons., 

0.40  ! 

10.80 

.0056 

.0036 

1.06 

.0030 

.0000 

1.1783 

3.6 

.1800 

' 

rnsty. 

, 

13274 

Nov. 

7 

Distinct. 

1 

Cons., 

rusty. 

0.01 

25.60 

.0000 

I 

.0216 

1.00 

.0070 

.0000 

1.2864 

1 

11.2 

.8000 

13447    Deo. 

6 

1  Decided. 

Cons., 

0.03 

22.80  .0004 

.0182 

.81 

.0060 

.0000 

1.2957 

9.4 

1.0300 

rusty. 

0.45 

.68 

__ 
.0020 

1 

6.0 

At.* 

12.76-  .0043 

.0107 

1 

.0000 

..3600 

.2642 

1 

1 

1 

Averages  by  Tears, 


1 

12.06 

.0016 

.0063 

.48 

.0004 

.0001 

i 

6.1 

9.25 

.0042 

.0078 

.64 

.0071 

.0001 

1 

8.4 

10.08 

1.0084 

.0087 

.66 

1 

.0082 

.0001 

.3407 

8.9 

12.76 

.0048 

.0107 

.68  1 

.0020 

.0000 

.3500 

6.0 

.1261 
.2642 


*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 

Note  to  analyses  of  1894 :  Odor,  generally  none,  sometimes  faintly  vegetable  or  unpleasant. The 

samples  were  ooilected  from  a  teneet  at  the  pumping  station. 
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Microscopical  Examination  of  Water  from  the  Filter-gallery  of  the  Reading  Water 

Works, 

[Number  of  organisma  per  cubic  centtmeter.] 


1894: 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

May.  June. 

Jaly. 

Jnly. 

Ang. 

Sept 

Oct. 

Nov.  Dec 

Day  of  examlDatlon,  . 
Number  of  sample,   . 

8 
11606 

8 
11720 

0 
11867 

11 
12010 

0       24 
12172  12271 

13 
12345 

12       18       15      12 
12520 12563 12738 12912 

0 
13100 

8        7 
1327413447 

PLANTS. 
Dlatomaceca, 

Asterlonella, 

Meloslra, 

Bynedra, 

Fungrit  Creuothrix, . 

20 

0 

20 

0 

6,400 

0 

0 
0 
0 

40,000 

0 

0 
0 
0 

22,800 

0 

0 
0 
0 

8,000 

15 

15 
0 
0 

16,400 

0      84 

0        0 
0        0 
0       84 

5,720  1,120 

0 

0 
0 
0 

2,880 

0        0 

0  0 

01  0 

oj      0 
2,820  3,600 

0 

0 
0 
0 

2,820 

0 

0 
0 
0 

6,880 

0 

0 
0 
0 

S08 

0 

0 
0 
0 

2,400 

Zodglosa, 

520 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total,  . 

6,M0 

40,000 

22,800 

8,000  10,415 

5,720 

1,204 

2,880 

2,320 

3,000 

2,820 

0,880 

808  2,400 

Chemical  Examination  of  Water  from  a  Tubular  Test  Well  in  Bancroft  Meadow^ 

Reading. 

[ParU  per  100,000.] 


Date  of 

Oollectlon. 

Appkakanoe. 

• 

§ 

el 

ll 

r 

Ammonia. 

i 
1 

6 

NITBOOXK 
AS 

• 

1 

a 

1° 

• 

m 

s 

e 
•2 

m 
X 

i 

1 

■ 

1 

a 
H 

■ 

1 

8 

• 

Alba- 
mlnoid. 

• 

m 

s 
S 

■ 

m 

2 

■c 

♦« 

• 

1 

12107 

ISM. 

May    11 

None. 

None. 

0.00 

0.10 

.0000 

.0006 

.63 

.0900 

.0000 

.0180 

2.2 

.0000 

Odor,  none. The  sample  was  collected  from  the  well. 


Microscopical  Examination. 


Diatomacen,  SfftudrOt  1* 
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Chemical  Examinalion  of  Water  from  Tabular  Test  Wells  in  the  Valley  of  the 
Ipswich  River,  about  One  and  One-half  Miles  above  the  Reading  Pumping 
Slaiion. 

[Parte  par  100,000.] 


Date  of 

CoUection. 

Appkabavcs. 

Residue  on 
£yaporatlon. 

Ammonia. 

Chlorine. 

NiTBOOXH 
A8 

Oxygen 

Consumed. 

« 

8 

s 

a: 

s 

S 

3 

Turbidity. 

• 

a 
• 

1 

Albu- 
minoid. 

• 

s 

1 

i 

1 

12481 

18M. 

jQly     6 

1 

Slight, 
milky. 

Slight, 
rusty. 

0.00 

6.fi0 

.0228 

.0006 

.28 

.ooao 

.0000 

.0808 

1.7 

.2100 

12482 

July    6  [ 

j 

Distinct, 
milky. 

Cons., 

rusty. 

0.40 

6.00 

.0028 

.0000 

.28 

.0030 

.0000 

.0146 

2.8 

.1570 

12483 

July     6 

1 
} 

Blight. 
mUky. 

Cons., 
sandy. 

0.02 

6.10 

.0000 

.0002 

.27 

.0000 

.0000 

.1584 

1.0 

.0100 

Odor,  none. The  samples  were  collected  as  follows:  No.  12481  from  well  No.  1,  located  about 

1,000  feet  south  of  the  river  and  at  the  edge  of  the  upland;  No.  12482  from  well  No.  2,  located  about  800 
feet  from  the  river,  at  the  edge  of  an  island  in  the  meadow;  No.  12488  from  well  No.  8,  located  about  15 
feet  from  the  southerly  bank  of  the  river. 


Microscopical  Examination, 


Nos.  12481  and  12482.    No  organisms. 
No.  12483  was  not  examined. 


Chemical  Examination  of  Water  from  a  Test  Well  abotU  One-fourth  oj  a  Mile  North 

of  Lake  Quannapowitt,  Reading. 

[ParU  per  100,000.] 


• 

Appkaeavck. 

• 

§ 

Ammovia. 

NITBOOKV 

-s 

a 

d 

AS 

a 

1 

Date  of 

Collec 

• 

8 

§ 
f 

00 

• 

s 

Residue  on 
Evapori 

1 

Albu- 
minoid. 

4 

a 

1 

• 

f 

i 

Oxygen 
Consa 

• 

1 

i 

h4 

1894. 

12622 

July    27 

V.  slight, 
mUky. 

NoDe. 

0.10 

8.50 

.0116 

.0010 

.82 

.0000 

.0000 

.0846 

3.2 

.0450 

Odor,  none. The  sample  was  collected  from  the  well. 


I 


Microscopical  Examination, 

Fungi,  Orenoihrix,  1.    MlsceliaDeous,  Zo6gU»a,  76.    Total,  77. 


i 
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Chemical  Examination  of  Water  from  the  Ipswich  River  at  the  Reading  Pumping 

Station. 

[Parte  per  100,000.] 


• 

a 
o 

1 

o 

Appkabangb. 

KK8IDUB  oar 

EVAPOBA- 
TION. 

Amvosia. 

KiTBOOBN 
A8 

1 

a 

• 

*i 

§ 

Albuminoid. 

• 

5 

a 

1 

"5 
5 

a 
S 

• 

3 

i 

• 

2 

1 

1 

o 

c 

o 

• 

s 

o 

o 
a 

■s 

0 

a 
H 

1 

a 

^ 

5 

b4 

5 

JS 

O 

i 

s 

o 

ISM. 

12718 

Ang.lO 

None. 

Blight. 

0.55 

5.00 

2.85 

.0008 

.0152 

.0134 

.0018 

.63 

.0000.0000 

.4466 

1.3 

Odor,  none;  od  heaUDg,  distinctly  vegetable. The  sample  was  collected  from  the  river. 

Microscopical  Examination. 

Dlatomacess,  Z>iatoma,  1 ;  Orammatophora^  5;  Pinnularia^  1;  Svnedra,  4;  TabttlariOt  4.  Algee, 
Spirogyra,  2.  Fnngi,  Orenothrix,  7.  Rhizopoda,  ^m<c6a,  1.  Infasorla,  Peridiniumt  1.  Miscellaneoas, 
ZoSgl(Ma,ns.    Total,  214. 

Water   Supply  of  Revere   and  Winthrop.  —  Revere  Water 

Company. 

The  works  of  the  Revere  Water  Company  for  obtaining  a  supply 
of  ground  water  at  Cliftondale,  Saugus,  were  enlarged  in  1893  by 
sinking  9  tubular  wells,  and  in  1894  by  sinking  20  tubular  wells, 
all  located  in  the  valley  of  the  brook  near  the  original  wells.  The 
new  wells  are  all  2^  inches  in  diameter,  and  the  total  number  now 
connected  with  these  works  is  52,  ranging  in  depth  from  30  to  a  little 
more  than  100  feet.  They  are  located  on  either  side  of  the  brook 
and  are  included  in  an  area  approximately  1,200  feet  long  by  150  feet 
wide.  The  material  in  which  the  wells  are  sunk  consists  in  general 
of  clay,  underlaid  with  a  stratum  of  sand  and  then  one  of  gravel, 
beneath  which  is  ledge.  The  gravel  stratum  is  from  1  to  10  feet 
in  thickness. 

It  was  noted  in  the  last  annual  report  that  there  was  a  sudden 
and  very  decided  increase  in  1893  in  the  quantity  of  chlorine  present 
in  the  water  of  the  wells  located  in  Revere,  accompanied  by  a  cor- 
responding increase  in  the  residue  on  evaporation  and  in  hardness, 
all  of  which  was  caused  by  the  infiltration  of  a  small  amount  of  sea 
water  into  the  wells.  During  1894  the  chlorine,  residue  and  hard- 
ness averaged  very  much  higher  than  in  the  previous  year,  but  were 
much  lower  at  the  end  of  the  year  than  in  the  months  immediately 
preceding.  Some  of  the  samples  collected  in  1894  contained  an 
excessive  amount  of  iron,  a  condition  which  has  never  been  noted 
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before  in  the  water  of  these  wells.  In  the  majority  of  the  samples 
a  slight  color  was  detected,  which  has  not  been  the  case  in  previous 
years. 


Chemical  ExamincUion  of  Water  from  the  Wells  of  the  Revere  WcUer  Company ^ 

iU  Revere. 

[Parts  per  100,000.] 


S 

B 

2: 


• 


APrSABAVCB. 


3 

H 


Jan.      1 


a 
S 


11581 
11723    Feb. 


12010 
12017 
lil36 
12205 
12S46 


Apr.  10 

Apr.  10 

May  1 

May  8 

June  11 


12516    July    11 


12745 
12911 
13006 


Aug.  13 
Sept.  10 
Oct.       8 


13315  [  Nov.    14 
13486  '  Dec.    13 


Av.» 


Dlatinet, 
milky. 
V.  Blight, 

mUky 
None. 

Slight. 

None. 

None. 

V.  Blight. 

Cona. 

DiBtinet. 

Cone. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

Slight. 

Cona. 

Slight. 

Cona. 

0.05 
0.02 
0.00 
0.01 
0.12 
0.00 
0.00 
0.00 
0.02 
0.05 
0.04 
0.01 
0.01 
0.04 

0.08 


o  o 

2 


00.30 


Ammokia. 


I 

fa. 


I 


sfl 


.0000 


100.20  .0014 
61.45  .0000 

37.00  .0000 

\\ 
66.60  .0006 


68.60 
65.20 


.0000 
.0000 


66.80,  .0000 

108.00  .0000 

77.80  .0002 

145.80  .0002 

ii 
117.10  .0000 

I 
127.20  .0022 

80.50  .0002 


01.09 


.0000 
.0028 
.0000 
.0004 
.0006 
.0000 
.0002 


o 

■c 

o 

Z 


84.42 
38.40 
10.78 
8.59 
20.33 
22.08 
20.06 


NiTaOOBM 
A8 


S5 


s 


s 

^5 


6^ 

o 


s 

a 

as 


a 
E 


.0008    120.35 


.0008 
.0006 
.0012 
.0024 
.0030 
.0010 


.0004 


.0011 


30.38 
24.78 
46.08 
42.60 
47.50 
29.41 

30.80 


.0600 
.0800 
.1000 
.2500 
.1000 
.1000 
.2500 
.1800 
.1000 
.1000 
.0800 
.0200 
.0600 
.0750 


.0015  {{.0741 
.0012  .0680 

.0025  .0760 

I 
.0000  .0355 

.0001  |;.0474 

.0028  1.0520 


.0010 
.0025 


.0546 
.0246 


.0012  I  .0562 
.0002  I {.0385 
.0013  .0462 


.0015 


.0836 


.0020  .0663 

It 

.0002  .0631 

I 


.0063  .0013  <.a'i76 


60.0 
40.0 
30.0 
16.0 
30.0 
81.0 
31.0 
27.0 
44.5 
22.1 
59.5 
57.5 


.0180 
.0086 
.0050 
.0100 
.1000 
.0000 
.0000 
.0000 
.0070 
.0100 
.0700 
.0040 


50.0  1.0850 
30.5  .0000 


41.0  .0210 


Averages  by  Years, 


1887t 

- 

- 

0.00  . 

22.17 

.0002 

.0016 

1888 

1 

- 

- 

0.00 

22.69 

.0001 

.0022 

1889t 

- 

- 

0.00 

* 

22.72 

.0000 

.0016 

1800{ 

- 

- 

0.00 

- 

.0008 

.0012 

1803 

- 

- 

0.00 

50.29 

.0002 

.0019 

1804 

1 

- 

- 

0.03 

1 

91.99 

.0004 

.0011 

3.87 

.1870 

^ 

3.49 

.1288 

.0022 

i 

8.28 

.1880 

.0027 

8.39 

1 

.1750 

.0024 

1 

13.05 

.0907 

.0019 

30.80 

.0963 

.0013 

.0489 


28.0 


.0086 


.0576  ;41.0  .0219 


*  Where  more  than  one  aample  waa  oollected  in  a  month  the  mean  analysia  for  that  month  haa  been 
Hied  in  making  the  aTerage. 

t  Jane  to  Deeember. 

I  January  to  May. 

§  Marob. 

NoTK  to  analyaes  of  1894 :   Odor,  none. The  aamples  were  collected  from  a  faw-^  at  the  pump  - 

ingitatlon. 
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Microscopical  Examinalion  of  Water  from  the  Wells  of  the  Revere  Water  Company^ 

(U  Revere. 


[Namber  of  organiama  per  cable  centimeter.] 

1894  . 

• 

Jan. 

Feb. 

Mar. 

Apr. 

Apr.   May 

May.  Jane. 

July. 

Ang. 

Sept. 

Oct. 

Nov.  Dec. 

Day  of  examination, 
Number  of  aample, . 

8 
11581 

8 
11728 

7 
11850 

11 
12016 

11         8       15 
120171213612205 

13 
12346 

12 
12516 

15 
12745 

12 
12011 

0 
13006 

10 
18315 

17 
13486 

PLANTS. 
DiatomacesB, 

Synedra,     . 
Fungrlf  Orenothrix, 

0 

9t0 

0 
2 

0 
pr. 

0 
840 

0 
420 

0 
0 

0 
0 

8 

0 

0 
0 

0 
0 

0 
1 

0 
0 

0 
1,140 

0 
680 

Total,       ...     020 

S 

pr. 

840 

420 

0 

0 

8 

0 

0 

1 

0 

1,140 

680 

Chemical  Examinalion  of  Water  from  Tubular  Wells  of  the  Revere  Water  Company^ 

al  Cliftondale^  Saugus, 

[ParU  per  100,000.] 


Date  of 

Collection. 

Appkasancb. 

Reaidue  on 
Evaporation. 

Ammokia. 

• 

S 

i 

NiTBOOBV 

Aa 

• 

i 

o 

.0351 

.0308 
.0277 
.0350 
.0000 

• 

« 
c 

03 

• 

1 

B 
9B 

t 

1 

5 

J 

s 

6 

i 

o 

SB 

< 

• 

• 

1 

11582 

12386 
12517 
18095 
18276 

189S. 

Dec.  30 

1894. 

Jane    6 
July  11 
Oct.     8 
Nov.    7 

Diatinct, 
milky. 

None. 
None. 
None. 
None. 

Slight. 

None. 
None. 
None. 
None. 

0.00 

0.03 
0.00 
0.02 

0.01  ; 

13.80 

12.80 
13.50 
13.60 
12.20 

.0000 

.0002 
.0000 
.0000 
.0000 

.0000 

.0004 
.0014 
.0018 
.0012 

1.18 

1.10 
1.24 
1.18 
1.40 

.0750 

.0600 
.0700 
.0880 
.0600 

.0060 

.0007 
.0001 
.0000 
.0000 

6.0 

7.0 
7.0 
6.1 
6.6 

.0140 

.0000 
.0080 
.0020 
.0060 

Av. 

0.01  , 

1 

13.08 

.0000 

.0010 

1.34 

.0706 

.0012 

.0257 

6.5    .0058 

Averages  by  Tears, 


1801* 
1882 
1893 
1894 


0.00 
0.01 
0.00 
0.01 


11.50 
11.65 
12.60 
13.08 


.0018 
.0000 
.0002 
.0000 


.0014 
.0003 
.0010 
.0010 


0.88 
1.16 
1.32 
1.24 


.0100 
.0123 
.0872 
.0706 


.0000 
.0035 
.0070 
.0012 


.0253 
.0257 


5.3 
6.0 
6.4 
6.5 


.0116 
.0037 
.0058 


*  September. 

NoTi  to  analyaea  of  1894 :  Odor,  none. The  aamplea  were  collected  from  faaceta  in  Revere  and 

Baagaa  aapplied  wholly  from  the  Saugua  wella. 


Microscopical  Examinalion, 

No.  13095.    Fnngi,  Orenothrix,  16. 

No.  13276.    Fangl,  Orenothrix,  184. 

No  organiama  were  found  in  the  remaining  aamplea. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Revere 

Water  Company. 

[ParU  per  100,000.] 


Date  of 

Collection. 

Apfsasarob. 

Uesldae  on 
Evaporation. 

Ammovia. 

4 

a 

i 

u 

MlTBOOKX 
AS 

i 

a 
m 
a 

• 

1 
1 

i 

s 

9 

• 

9 

H 

0 

1 

i 

6 

• 

I 

Alba- 
minold. 

I 

'1 

.0000 

Nitrites. 

1 

12387 

1S»4.     j 
Jqd«      7 

Slight. 

Slight. 

0.08 

80.10 

.0010 

1 
.OOM  ' 

9.80 

.0012 

.0808 

18.0 

.0000 

Odor*  distinctly  moaldy  and  grassy. The  sample  was  collected  from  the  reserrolr. 


Microscopical  Examination. 

No.  12337.    Diatomacea,  5yn«dra,  5,040.  Alg»,  iVotocoocut,  1.   Infnsoria,  i^sH<f<n<tim,  172.   Total, 
5,218. 


Chemical  Examination  of  Water  from  a  Fountain  in  ninthrop,  supplied  from  the 

Works  of  the  Revere  Water  Company. 

[Parts  per  100.000.] 


• 

e 
o 

ArPKABASCB. 

s 

II 

s 

teof 
Coliec 

if 
1 

1 

h 

a 

& 

s 
1         ^ 

1 

1 

1M4. 

1 

12845 

Aag.   30 

None. 

None. 

0.00 

0 
O 
3 

eg 

s  <• 
.s  > 


Ammohxa. 


1 


77.60 


2 


ii 


.0000 


.0004 


NlTBOOKX 
AS 


6 

I 


s 


25.M 


.0000 


.0000 


1 

B 


i 

a 

m 
B 


.0808 


86.6 


.0050 


Odor,  none. 


Dialomacee,  Sjfnedra,  7. 


Microscopical  ExamintUion, 


Water  Supply  op  Rockland. 

(See  Abington.) 
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BOCKPORT. 


Water  Supply  op  Rockport. 


Works  for  the  supply  of  Rockport  were  nearly  completed  at  the 
end  of  1894,  the  source  of  supply  being  Cape  Pond,  located  within 
the  limits  of  the  town.  Analyses  of  samples  of  water  from  this 
pond  are  given  in  the  following  table,  and  a  statement  as  to  the  pond 
and  the  quality  of  its  water  may  be  found  in  the  annual  report  of 
the  State  Board  of  Health  for  1893,  pages  45-47. 

A  communication  from  the  Board  to  the  Water  Commissioners  of 
Rockport,  relative  to  the  prevention  of  the  pollution  of  Cape  Pond 
by  the  waste  matters  from  a  glue  factory,  may  be  found  on  page  65 
of  this  volume. 

Chemical  Examinaiion  of  Water  from  Cape  Pond,  Rockport. 

[Parts  per  100,000.] 


a 

s 


11805 
12276 
12403 
12783 
13341 
13522 


Av. 


a 
o 
ts 

5 

o 
« 


1894. 

Feb.  26 

May  23 
July  0 
Aag.20 
Nov.20 
Dec.  19 


ArPKABANCB. 


« 

>t 

*» 

■*• 

a 

g 

1 

I 

• 

B 

^ 

o 

H 

00 

O 

Distinct. 
Distinct. 

Decided, 
green. 

Distinct, 
green. 

tilight. 

Slight. 


v.  slight. 

Oons., 

white. 
Cons., 

brown. 
Slight, 

brown. 
Slight. 

Slight. 


0.08 
0.18 
0.08 
0.25 
0.30 
0.40 


0.22 


liBSIDUK  ON 

EVAPOBA- 

TlOJf. 

s 

A 

• 

3 

& 

^ 

13.40 
12.65 
12.60 
12.55 
13.05 
13.05 


12.85 


1.60 
2.35 
2.00 
2.05 
1.95 
1.50 


1.91 


Ammokia. 


Albnmlnold. 

i 

• 

i 

> 

2S 

u. 

H 

Q 

oo'*' 

.0000 
.0000 


.0210.0150 
.0178  .0126 


.OOOS  .0284 


.0000 


.0286 


0000.0166 


.0162 
.0196 


.0136 


.0000  .0226  .0206 


.0001 


.0225 


.0163 


.0060 
.0062 
.0122 
.0090 
.0030 
.0020 


NlTBOQBV 

AS 

• 

■c 

A 
U 

6.20 

• 

• 

1 
1 

.0030.0000 

5.20 

.0000.0000 

5.54 

.0000.0000 

4.80 

.0000.0000 

6.00 

.0000.0000 

5.56 

.0030  .0000 

5.55 

1 

.0010 

.0000 

1 

s 

a 

m 
B 
O 
O 

a 
te 

M 

o 


.2200 
.2067 
.2156 
.2233 
.2418 
.3657 

.2465 


% 

s 

\ 

n 


1.4 
1.1 
1.2 
1.2 
1.4 
1.8 


1.3 


Odor,  generally  vegetable,  sometimes  none. The  samples  were  collected  from  the  pond. 
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SAXiEM  AND  BEVERIiY. 

creasing  the  supply  of  Salem  and  Beverly  by  diverting  the  waters 
of  Longham  Brook  into  Wenham  Lake  were  begun  in  the  latter  part 
of  the  year. 


Chemical  Examinaiion  of  WcUerfrom  Wenham  Lake,  in  Beverly  and  Wenham, 

[Parts  per  100,000.] 


• 

a 
o 

1 

§ 
t 

S 

m 

Q 

Appbahakob. 

Kbsiduk  on 

EVAPOBA- 
TIOM. 

Ammovia. 

9 

o 

.80 
.80 
.70 
.78 
.80 
.82 
.86 
.85 
.82 
.82 
.83 
.81 

.82 

NiTBOOKX 
AS 

1  i 

B 

a 

• 

a 
H 

a 

1 
1 

00 

• 

O 

• 

1 

■ 

s 
o 

§1 
3 

• 

• 
t 

Albuminoid 

1 

• 

m 

V 

5 
2 

=  1 

1 

s 

a 
5«i 

• 

5 

• 

S  f 
CO 

o 

M 

o 

i 

e 

■s 

B 

11618 
11715 
11846 
11003 
12175 
12440 
12617 
12708 
12060 
13106 
13206 
13462 

181»4 

Jan.  10 

Feb.  6 
Mar.  6 
Art.  4 
May    8 
JaneSO 
July  26 
Ang.lO 
Sept.17 
Oct.    0 
Nov.  12 
Dec.  10 

Slight. 

Distinct. 

Slight. 

Slight. 

Distinct. 

Slight. 

Distinct. 

Distinct, 
green. 
Slight. 

Slight. 

Slight. 

Slight. 

Slight. 

Slight. 

Slight. 

V.  slight. 

Cons. 

SUght. 

Slight, 

green. 
Distinct, 

green. 
Slight. 

Cons. 

Cons., 

green. 
V.  slight. 

0.06 

0.01 

0.02 

0.06 

0.05 

0.03 

0.07| 

0.08^ 

0.07 

0.05 

0.12 

0.28 

0.07 

5.55 
,  5.00 
6.55 
6.40 
5.05 
6.80 
6.85 
7.40 
7.70 
7.15 
7.10 
6.00 

1.10 
1.20 
1.55 
1.25 
1.30 
1.85 
1.75 
2.15 
2.00 
1.60 
1.55 
1.05 

.0036 
.0088 
.0052 
.000-1 
.0000 
.0016 
.0002 
.0030 
.0018 
.0020 
.0078 
.0016 

.0030 

.0004 
.0186 
.0146 
.0134 
.0130 
.0106 
.0164 
.0254 
.0144 
.0134 
.0172 
.0164 

.0148 

.0084 
.0112 
.0108 
.0006 
.0000 
.0078 
.0110 
.0102 
.0112 
.0118 
.0126 
.0146 

.0114 

.0010 
.0024 
.0038 
.0038 
.0040 
.0028 
.0054 
.0062 
.0082 
.0016 
.0046 
.0018 

.0034 

.0040 
.0050 
.0070 
.0050 
.0000 
.0000 
.0020 
.0000 
.0000 
.0000 
.0030 
.0020 

.0023 

.0000 
.0001 
.0001 
.0000 
.0001 
.0000 
.0000 
.0000 
.0000 
.0000 
.0002 
.0001 

.0001 

.1178 
.1232 
.1600 
.1116 
.1747 
.1771 
.1578 
.0024 
.1640 
.1140 
.1482 
.1078 

.1366 

2.© 
2.7 
2.7 
2.7 
2.9 
3.2 
3.1 
3.3 
2.0 
3.2 
3.5 
3.4 

Av. 

6.60 

1.53 

3.0 

Averages  by  Years, 


4.73 

0.82 

4.67 

0.07 

4.28 

1.05 

4.57 

0.00 

4.70 

1.12 

4.85 

1.10 

5.40 

1.26 

6.60 

1.53 

.0025 

.0135 

- 

- 

.72 

.0010 

- 

- 

.0020 

.0146 

- 

- 

.73 

.0058 

.0001 

- 

.0014  .0173 

.0138 

.0035 

.72 

.0052 

.0002 

- 

.0016'.  0154 

.0125 

.0020 

.74 

.0104 

.0001 

- 

.0006  .0147 

.0113 

.0034 

.72 

.0125 

.0000 

- 

.0016  .0137 

.0103 

.0034 

1 

.76 

.0077 

.0000 

- 

.0033  .0130 

.0100 

.0030 

.77 

.0055 

.0001 

.1605 

.0030 

.0148 

.0114 

.0034 

1 

.82 

t 

.0023 

.0001 

.1866 

2.6 
1.0 
2.2 
2.6 
3.0 


*  June  to  December. 


Noni  to  analyses  of  1804:  Odor,  generally  vegetable,  sometimes  unpleasant  or  disagreeable;  on 
heating,  generally  stronger  and  more  frequently  unpleasant. -— The  first  four  and  the  last  two  aamples 
were  collected  from  faucets  at  the  pumping  station,  and  the  remaining  Samples  from  the  lake. 


No.  34.]     EXAMINATION  OF  WAT 


Mieroaoopieal  Examination  of  Water  from  Wenhe 

[ITuDitHr  of  01 


'"■  r...|.-,U..l.„.|- 

ITDDbarofwDple.    .       . 

t«18  litis 

11848 

urn 

ISITS 

11 

Dlatomacow. 

S'Srs,.;..,;    : 

C7aiiopbyc««e.    . 
Al»» 

IM 

13 

m 
so 

a 

IM 

IM 

m 

aw 

s 

0 

in 

0 

4n 

io 

t 
t 

0 



? 

M 

a 

41 
41 

8,191 

'ko 

0 

a 

AtnUALS. 
BhiEopoda, 

Acllnophiji, 

Infusoria,      . 

CenUoai,      . 
Woobrjon,  .        .        . 

PerldlDlUD, 

0 
t 

> 

0 

14 

It 

0 

1 

a 

N 

a 
» 

I 

• 

u 

a 

.|       4! 

Torn,.       .        .        . 

ue 

7«J4« 

,.^1  j,.m  . 
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SAXiEM  ANI>  BEVEBIiT. 

Table  showing  Heights  of  WcUer  in  Wenham  Lake  at  Times  when  Samples  oj 

Water  were  collected  for  Analysis. 

[Note.  —  High-water  mark  is  30.17  feet.] 


Jan.  10, 
Feb.  6, 
March  6, 
April  4, 
May  8, 
June    30. 


Date. 


18»4. 


Height  of 
Water. 


Feet 
21.18 


21.34 
21.08 
22.03 
23.12 
22.07 


Datk. 


Jaly  20, 

Aag.  10, 

Sept.  17, 

Oct.  0, 

Nov.  12, 

Dec.  10, 


18»4. 


Height  of 
Water. 


Feet. 

21.50 

21.04 
W.70 
19.34 
19.31 
19.08 


Chemical  Examinaiion  of  Water  from  an  Ice-pond^  Salem, 

[Parte  per  100,000.] 


g 

Afpkaramcb. 

kk8iddk  on 
Evapora- 

Ammokia. 

NiTROOKK 

AB 

• 

s 

p 

ateofCoUecU 

tion. 

• 

1 

0 

1 

o 

• 

"3 
o 

Lost  on 
Ignition. 

• 

Albuminoid. 

hlorlae. 

• 

1 

• 

S 

§ 

c 

• 

1 

a 

• 

|8- 

•olved. 

hi 

s 

^ 

Q      ! 

H 

00 

Q 

H 

^ 

H 

Q 

OQ 

i 

^ 

% 

o 

N^ 

1894. 

i 

! 

11703 

Feb.  1 

tilight, 
clayey. 

1 

Slight, 

0.20 

0.90     1.85 

.0020.0240 

.0104 

.0070 

.01 

.0250.0000! 

.4993 

S.l 

i 

white. 

' 

Odor,  diatiocily  earthy,  becomlDg  also  unpleasant  on  heating. The  sample  was  collected  from 

the  pond,  which  is  an  overflowed  meadow,  said  to  cover  1)  to  2  acres,  located  near  Gallows  Hill. 


Water  Supply  of  Saugus. 

(See  Lynn.) 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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SHABON. 

Water  Supply  of  Sharon.  —  Sharon  Water  Company. 

Chemical  Examinalion  of  Water  from  the  Well  of  the  Sharon  Waier  Company. 

[ParU  per  100,000.] 


ArPKASAXCB. 

1                                                                                  1 

1 

1 
Ammonia,   j 

1                       1 

'     NlTROOBN 

A9 

1 

1 

s 

■ 

. 

1 

• 

a 

K 

^0 

O  0 

xt 

• 

ff 

m 

1 

a 

9 

^5 

• 
2 

i 

1 

1 

Reaidoe 
Evap 

1 

o 
< 

Chlorine 

3 
1 

1 

Oxygen 
Coi 

Hardnea 

• 

1 

ISM. 

ian4 

Jalj    25 

NOIM. 

None. 

0.00 

9.20 

.0000    .0000 

1.00 

.2500 

.0000 

.0000 

8.0 

.0200 

Odor,  none. The  aampie  waa  eoUected  from  a  faocei  at  tbe  pumping  atation  while  pumping. 


No  organlama. 


Microscopical  Examination, 


Water  Supply  op  Someryille. 

(See  Boston^  Mystic  Works.) 


Spencer. 

Chemical  Examination  of  Water  from  Turkey  Hill  Brook,  Shaw  Brook  and  Stiles 

Reservoir. 

[Parte  per  100,000.] 


• 

§ 

3 

1 

Appbasamck. 

1 

HZaiDUK  ON 
£VArt>  RA- 
TION. 

Ammonia. 

1 

NlTRO«BV 

AS 

1 

c 

AlDumlnold. 

■ 

1 

a 

a 
•A 

1 

s 

Turbidity. 

s 

i 

I 

1 

i 

• 

o 
H 

1 
1^ 

1 

1 

8 

i 
s 

■ 

5 

a 

1 

i 

1M4. 

1 

1 

13218 

Oct.  24 

y.aUght 

V.  alight. 

0.00 

4.75 

2.15 

.0004 

.0248 

.0228 

.0020 

.19 

.0080 

.0000 

.9124 

1.0 

12214 

Oet  24 

Decided. 

Heavy, 

0.75 

4.90 

i.eo 

.on  10  .0486 

.0280 

.0206 

.20 

.0080  .OOOu' 

.6833 

1.4 

brown. 

1 

1 

13221 

Oct.  25 

Distinct. 

Cona., 

1.00. 

8.25 

1.90 

.0086 

.U304  .'1-214 

.0090 

.17 

.0000 

.0000 

.6833 

O.ft 

green. 

I 

1 

1 

1 

1 

Odor  of  the  first  two  Kamplee,  very  faintly  vegetable ;  of  the  third,  deeidedly  vegetable  and  unpleasant. 

The  first  aampie  wna  collected  from  Turkey  Bill  Brook  above  Wire  Village;  the  st'cood  from  a 

pond  OD  Shaw  Brook  at  Wire  Village;  the  last  from  ettUes  Kes45rvoir.    The  samples  were  collected  while 
oi^ng  sn  examloatioQ  of  possible  sources  of  water  supply  for  the  city  of  Worcester. 

Microscopical  Examination. 

No.  13218.    Total  number  of  organisms,  18. 

No.  18214.    Total  naiaber  of  organisms,  2,090,  chiefly  Diatomaceas  {AateHonella^  888,  and  Synedra, 


982). 


tfo,  13933..    Total  namher  of  organisms,  681,  chiefly  Dialomacese. 
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SPRINGFTBIiD. 

ChemiccU  ExamiruUion  of  Water  from  Ludlow  Reservoir. 

[ParU  per  100,000  ] 


• 

1 

1 

O 

Appbaeakcs. 

;  Rksidck  on 

'     EVAPORA- 
TIOH. 

Ammohia. 

o3 

e 

i 

o 
.15 

NiTROflKV 
AS 

i 

a 

s 
« 
e 

a 

e 

& 

s 

• 

1 

i 

i 

3 

Loss  on 
Ignition. 

I 

Albuminoid. 

1 

E 

9a 

i 

j 

• 

1 

• 

1 

is 

Sus- 
pended. 

S 

s 

11586 

1894. 

Jan.   2 

Blight. 

V.  slight. 

0.40 

3.75 

1.50 

.0006 

.0174 

.0118 

.0056 

.0040 

.oobi 

.5070 

0.0 

11709 

Feb.   5 

Slight. 

Slight. 

0.33 

3.85 

1.55 

.0068 

.0168 

.0136 

.0032 

.19 

.0070 

.0000 

.4672 

1.3 

11842 

Alar.  5 

y.  slight. 

Slight. 

0.30 

3.45 

1.40 

.0006 

.0120 

.0096 

.0024 

.14 

.0000 

.0000 

.4000 

0.6 

11991 

Apr.  3 

Slight. 

Slight. 

0.35 

3.60 

1.70 

.0008 

.0172 

.0140 

.0032 

.17 

.0000 

.0000 

.3888 

0.8 

12149 

May   2 

DlsUnct. 

Slight. 

0.25 

2.75 

1.16 

.0000 

.0160 

.0120 

.0040 

.17 

.0000 

.0000 

.4160 

0.8 

12818 

June  5 

Slight. 

SUght. 

0.45 

3.10 

1.15 

.0002.0224 

.0174 

.0050 

.18 

.0060 

.0000 

.3734 

1.1 

12494 
12675 
12885 

July  9 
Aug.  7 
Sept.  5 

Decided. 
Distinct. 
Decided, 

Cons., 

brown. 
Cons., 

brown. 
Cons., 

0.50 
0.65 
0.53 

8.45 
3.75 
8.75 

1.65 
1.60 
1.85 

.000  1 
.0010 
.0000 

.0272 
.0272 
.0826 

.0212 
.0198 
.0200 

.0060 
.0074 
.0126 

.18 
.16 
.18 

.0000 
.0020 

.0000 

.0000 
.0000 
.0001 

.4012 
.3606 
.3388 

0.9 
1.6 
1.6 

13080 

Oct.    3 

green. 
Distinct. 

green. 
Cons. 

0.20 

3.65 

1.66 

.0000 

.0288 

.0190 

.0098 

.17* 

.0000 

.0000 

1 
.5846 

1.6 

13263 

Not.  6 

Slight. 

Cons. 

0.25 

3.00 

1.30 

.0000 

.0268 

■ 

.0210 

.0058 

.18 

.0000 

.0000 

.3667 

1.1 

13448 

Dec.  5 

V.  slight. 

Slight. 

0.28 
0.37 

2.65 

1.40 

.0002 
.0009 

.0210 
.0221 

.0184 
.0165 

.0026 
.0056 

.16 
.16 

.0080 
.0018 

0000 
.0000 

.4196 
.4185 

0.9 

Av. 

8.89 

1.47 

1,1 

Averages  by  Years, 


1876-77* 
1887r 
1888 
1889 
1890 
1891 
1892t 
1893§ 
1894 


- 

4.86 

"- 

0.24 

3.63 

1.66 

0.13 

1 

2.91 

1.20 

0.11 

2.42 

1.07 

0.15 

2.96 

1.54 

0.20 

1 

3.00 

1.42 

0.25 

1 

3.41 

1.41 

0.47, 

4.11 

2.08 

0.37 

3.39 

1.47 

.0139 
.0080 
.0019 
.0028 
.0020 
.0050 
.0006 
.0011 
.0009 


.0426 
.0486 
.0332 
.0461 
.0387 
.0425 
.0277 
.0375 
.0221 


.0206  .0130 


.0237 
.0210 
.0228 
.0189 
.0269 
.0165 


.0224 
.0177 
.0197 


.16 
.12 
.10 
.10 
.09 


.OOSs  .13 


.0116 
.0056 


.14 
.16 


- 

- 

1 

1 

.0019 

- 

.0047 

.0001 

- 

.0033 

.0002 

- 

.0066 

.0001 

- 

.0050 

.0001 

- 

.0049 

.0001 

- 

.0019 

.0001 

.5779 

.0018 

.0000 

.4186 

0.9 
0.8 
1.0 
1.2 
1.1 


*  These  analyses  were  made  by  Prof.  William  R.  Nichols,  for  the  city  of  Springfield,  from  samples 
collected  about  once  a  week,  between  July  1, 1876,  and  Sept  80, 1877. 

t  June  to  December.  |  January  to  September.  {  May  to  December. 

NoTB  to  analyses  of  1804 :  Odor,  vegetable,  frequently  also  mouldy  or  unpleasant.  — —  The  samples 
were  collected  from  the  reservoir,  at  depths  of  from  1  to  3  feet  beneath  the  surface. 

For  record  of  heights  of  water  on  dates  when  samples  of  water  were  collected  for  analysis,  see 
page  814. 
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SPBIXGFIBIiD. 

Microscopical  Examination  of  Waierjrom  Ludlow  Reservoir, 

[Number  of  orgftnUms  per  cubic  centimeter.] 


1894. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

Day  of  examination,  . 
Number  of  lample,    . 

4 
11M6 

11709 

7         5 

1 

1184211991 

1 

3 

12149 

6 
12813 

10 
12494 

8 
12676 

6 
12886 

6 
18080 

8 
13268 

7 
18448 

PLANTS. 
DiatomacesD, 

Aaterionella, 
Cydotella,    . 
FVaglJaria,    . 
Meloetra,      . 
Byscdra, 
Tabellaila,  . 

Cyanopbyceis.  A 

AlgSB, 

Chloroeoecaa, 
Cloeteriam, . 
Ccelaatmm,  . 
Coemarium, . 
Pediaatrum, 
Protococcua, 
Baphidlnm, . 
Beenedeamna, 
Stanraatmm, 

Fungrl*  Crenotbrlz, 

1 

*  < 

■       1 

*  1 

*  1 

inaba 

k 

i 

» 

■ 

i                      4 

R                    i 

» 

»                    1 

• 

k                   • 
k                   • 

e 
1             • 
»              e 
1              • 

Boa,. 

t              a 

•  • 
1              • 

1              • 

t              • 

• 

• 

*  • 
»              e 

»              e 

1 

1 
0 
0 
0 
0 
0 

0 

8 

0 
0 
0 

1 

I 

0 
0 
0 

0 

pr. 

0 
0 
0 
0 
0 
pr. 

* 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 
0 
0 
0 
0 
0 

0 
pr. 

0 

0 
0 
0 
0 
0 
0 

pr. 

72 

0 

1 

0 

7 

62 

12 

0 
8 

s 

0 
0 
0 

0 

1 

780 

240 
0 
0 
0 

480 
40 

0 

8 

0 
0 
0 
0 
0 
0 
0 
8 
0 

68 

1 

0 
1 
0 
0 
0 
0 

0 

18 

12 
2 
0 

1 
3 
0 
0 
0 
0 

0 

81 

0 
80 
0 
0 
0 
1 

0 

16 

16 
0 
0 
0 
0 
0 
0 

1 

0 

1 

61 

19 
0 
0 
0 

82 
0 

68 

266 

0 
0 
0 
0 

1 

148 

0 

7 

62 

6 

1,651 

1,840 
0 
6 

66 

48 

2 

6 

66 

0 
1 

J 

8 

0 

18 

7 

6 

1,623 

1,600 
0 
6 
17 
0 
0 

6 

146 

0 

0 

28 

2 

7 

0 

0 

76 

86 

0 

388 

296 
2 
0 
37 
2 
1 

0 

426 

0 

8 

1 

2 

8 

248 

32 

108 

24 

8 

68 

24 
0 
0 
0 

1 

0 
6 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

ANIMALS, 
luftisoria,      .... 

Dinobryon, .... 
Dlnobryon  eaaea, 
Hallomonaa, 
Perldlnlum,. 
Tracbelomonaa,  . 

Vermea, 

Anurea,        .       •        •       • 
llonocerea,  .... 
Phacat,        .... 
Polyartbra,  .... 
Botatorlan  ova,    . 
Rotifer,        .... 

flO 

0 
0 
0 
210 
0 

1 

0 

1 

126 

18 
24 

0 
84 

0 

pr. 

0 

0 

0 
0 

88 

0 
0 
0 
88 
0 

pr. 

0 

0 

0 

pr. 

184 

0 
6 
1 
128 
0 

1 

0 
0 
0 
0 

1 
0 

466 

86 

300 

0 

72 

0 

1 

0 
0 
0 
0 
0 

1 

88 

10 

20 

8 

0 

0 

0 

0 
0 
0 
0 
0 
0 

« 

0 
0 
0 
0 
2 

4 

0 

1 
0 
2 

1 
0 

887 

0 

860 

0 

1 

86 

2 

1 
1 
0 
0 
0 
0 

18 

0 
0 
0 
0 
18 

8 

0 
0 
2 
0 
0 

1 

127 

0 
60 
24 

8 
40 

2 

0 

1 
1 

0 
0 
0 

112 

4 

84 

2 

9 

13 

2 

1 
1 
0 
0 
0 
0 

6 

0 
4 
0 
2 

0 

6 

0 
0 
0 
0 
0 
0 

MUuUanwu;  ZoOglosa,  . 

0 

0 

0 

8 

0 

6 

86 

0 

126 

400 

66 

6 

Total, 

216 

126 

88 

1 

214  :  1,288 

1 

60 

160 

746 

2,166 

2,301 

949 

81 

314 
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SFBINGFTEIil). 

Chemical  Examination  of  Water  from  Jabish  Brook  and  from  Knight  and  Qold 

Reservoir^  Belchertown, 

[Parts  per  100,000.] 


• 

a 
o 

Appkabahok. 

Rbsidck  on 

EVAPOBA- 

Ammoxia. 

NiTBOOBM 
AS 

• 

s 

B 

1 
1 

TIOX. 

• 

c 

Albuminoid. 

B 

o 

i 

a 

a 

§ 

1 

6 

• 

3 

Loss  on 
IgniUo 

• 

1 

• 

1 

DIs- 
solred. 

Sus- 
pended. 

• 

1 

i 
s 

2 

■ 

S 

G 

s. 

K 

M 

o 

i 

c 

m 

18»4. 

1 

1178« 

Feb.  19 

v.  Slight. 

Cons., 
earUiy. 

0.70 

3.05 

1.36 

.0000 

.0126 

.0102 

.0024 

.14 

.0090 

.0000 

.7136  o.a 

i 

11787 

Feb.  19 

None. 

V.  slight. 

0.63 

3.15 

1.15 

.0006 

.0118 

.0106 

.0012 

.16 

.0120 

.0000 

.6560   0.2 

Odor  of  the  first  sample,  distinctly  vegetable;  of  the  second  ^faintly  vegetable,  beoomlng  stronger  on 

heating. The  first  sample  was  collected  from  Jabish  Brook,  Just  above  Pratt's  Reservoir;  the  second, 

from  the  Knight  and  Gold  Reservoir  on  Jabish  Brook.  The  latter  reservoir  Is  the  lower  one  of  the  two 
reservoirs,  highest  np  Jabish  Brook,  which  were  purchased  by  the  eity  of  Springfield  for  use  as  storage 
reaervoirs.    For  a  description  of  this  reservoir  see  Annual  Report  for  1801,  page  206. 


Microscopical  Examination, 

No.  11786.    Diatomaeess,  JCpUhemia,  2;  Synedrot  20;    Tabellaria,  1.    Infusoria,  Psridinium,  1. 
Miscellaneous,  Zodgtaa,  88.    Total,  62. 

No.  11787.    AlgB,  Ootnariumt  4.    Infusoria,  IHnobtyon,  8;  Peridinium,  6.    Total,  13. 


Table  showing  Heights  of  Water  in  Ludlow  Reservoir  at  times  when  Samples  of 

Water  were  collected  for  Analysis  in  1894, 

Note.  —  Height  of  rollway»  28.1  feet  above  bottom  of  reseryoir. 


Jan.  3, 
Feb.  6, 
March  5, 
April  8, 
May  2, 
June    5, 


Datk. 


18»4. 


Height  of 
Water  above 

Bottom 
of  Ketervoir. 


Feet. 

18.70 


20.93 
28.18 
28.01 
28.21 
28.49 


July  9, 
Aug.  7, 
Sept.  5, 
Oct.  3, 
Nov.  6, 
Dec.  5, 


Datb. 


18»4. 


Height  of 
Water  above 

Bottom 
of  Reservoir. 


Feet. 
27.44 


25.90 
24.41 
23.70 
23.81 
24.08 
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stockbhidgs. 
Water  Supply  op    Stogebridge.  —  Stookbridgb  Water 

Company. 

Chemicdl  ExaminaHon  of  Water  from  Lake  Averie^  Stoekbridgt. 

[ParU  per  100,000.] 


a 

a 
7* 


a 
o 

I 

a 


Appbabaxck. 


9 


li748 
1S21S 


ADg.l4  I  Slight. 
Oct.  S4    None. 


s 

i 


o 
u 


Rrbidub  oh 

EVAPOBA- 
TION. 


V.aUght. 
v.  slight. 


0.15: 
0.12 


I 


e 

gl 


6.46 
7.00 


Ammovia. 


1.00 


I 


AlbamlnoM. 


Q        00** 


.0010.0190 


l.flO  !  .00041.0210 


.0172 
.0178 


a 

s 

s 


.0018 


.06 


I 


.00621  .10 


NiTBOOur 

AA 

i 

i 

1 

1 

in 

» 

.0000  .0000 

.0080 

.0000 

1 

I 


a 
6 


I    I 


3 


.8157 
.8016 


4.0 
4.0 


Odor  of  the  flret  nuaple,  dletlaetlj  mooldy,  beoomlng  dleagreeable  on  heating;  of  the  eeeond  nmple, 
dlsttnetly  vegetable  and  anpleaaant.-- — >  The  aamplee  were  ooUeoted  from  the  lake. 

Microscopical  Examination. 

No.  1S748.  Oyaaophjeeas,  Anabmna^  2;  OlathrocyttU,  8.  Alg»,  iVvloeoeeitf,  18.  Infnaoria,  iVrf- 
dfnltmi,  68.   Total,  86. 

No.  18212.  DIatomaeeM,  OymbtUa,  1;  FragUariOt  4;  ^ompAM»«ma,  1;  M»loHra,A\  Synedra,  1. 
Infoflorla,  Oiypionunuu,  100.  Vermee,  Anurea,  5 ;  Polyarihra,  1 ;  BoUUorian  oea,  1.  Oraetaoea,  Cycloptt 
jOI.    Total,  118. 

Water  Supply  of  Stoneham. 

(See  Wakefield.) 

Water  Supply  of  Stoughton. 

Chemical  Examinaiion  of  Water  Jrom  a  Faucet  at  the  Pumping  Station  of  the 

Stoughton  Water  Works. 

[ParU  per  100,000.] 


I 

E 

B 


I 
I 


11606 
12168 
12619 
13181 


At. 


Jan.  22 
May  7 
Jaly26 
Oct.  22 


s 


None. 
None. 
V.sUght. 
None. 


a 


None, 
y.  alight. 
BUght. 
SUght. 


0.12 
0.10 
0.28 
0.2S 


0.10 


Rbsidcb  ox 
EvAPoaA- 

TION. 


8.80 
8.26 
3.10 
3.90 


8.80 


a 

3- 


0.85 
0.85 
1.10 


0.96 


AmconA. 


.0000 
.0002 

.0000 
.0000 


.0001 


Albaznlnold. 


1 

1^ 


11 


.0068 
,0066 

,0060 


,0066 


.0046 
.0066 
.0048 


.0068 


.0012 
.0020 
.0012 


.0015 


s 

1 


.88 
.88 
.81 
.85 


.88 


NiTBoaav 


i 

I 

S4 


.0100 
.0030 
.0050 
.0050 


.0000 
.0000 
.0000 
.0000 


.0058;  .0000 


1 

o 

s 

e 
(J 


M 

o 


i 


.1248 

.1804 
.2225 
.2275 


.1888 


1.1 
0.6 
0.9 
1.8 

1.0 


Odor  of  No.  11066,  none;  of  Noe.  1S158  and  18181,  Tegetable;  of  No.  12619,  fUntly  monldy. The 

samplee  were  oolleoted  from  faoeeta,  the  laat  two  at  the  pnmplng  station. 
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8TOUGHTON. 

Microscopical  Examination  of  Water  from  a  Faucet  at  the  Pumping  Station  of  the 

Stoughton  Water  Works. 

[Number  of  organisms  per  oabic  centimeter.] 


1894. 


I 


Janaary. 


May. 


Jaty. 


October. 


Day  of  examination,  . 

Number  of  sample, 

PLANTS. 
Diatomaceee,    . 

AsterlonoUa,     . 
Diatoma,    .... 
Synedra,    .... 

Alffeo*  RapUdinra, 

* 

Fungrlf  Orenothrix, 

ANI1LAL8. 
Bblzopoda,  Eaglypha,     . 

Infusorial   .... 

Dlnobryon  eaaea, 
Peridlnlam, 

Total,      .... 


24 
11666 


8 
12158 


27 
12610 


24 
13181 


0 
8 
1 


2 
0 
6 


2 
6 


0 
0 

1 


0 
52 


0 
0 
0 


10 


0 
0 


1 

0 


0 

1 


0 
0 


14 


16 


64 


Chemical  Examination  of  Water  from  a  Brook  and  Test  Well^  collected  during  an 
Investigation  Jor  an  Additional  Water  Supply  for  Stoughton. 

[Parta  per  100,000.] 


I 

a 


a 

I 

s 

o 


1S454 
13455 


1S»4. 

Dec.   5 

Deo.   5 


Appbabavcb. 


a 


o 
o 


V.aligbt. 
None. 


Sligbt. 
None. 


0.75 
0.00 


Rbsidub  ok 

ETArOBA- 

TION. 

• 

B 

C 

^S' 

G-^\ 

• 

1 

P 

0.30 

3.05 

3.40 

- 

AmcoviA. 


Albuminoid. 

1 

• 

i 

• 

1 

J 

u* 

H 

Q 

ao 

.0046 
.0004 


,0158 
.0012 


.0150 


9 
6 


.000s  1.35 
.38 


NiTBOOBir 


.1800 
.0000 


.0005 
.0000 


•8 

a 

•• 

B 

6 

I 


m 


.5852 
.0808 


2.9 
0.8 


Odor  of  tbe  first  sample,  faintly  yegetable;  of  the  seoond,  none. The  first  sample  was  collected 

from  a  brook  flowing  from  the  village,  Just  below  Southworth'a  stone  mill ;  the  second  nmple  from  a 
test  well  50  feet  from  French  and  Ward's  millpond  on  Muddy  Pond  Brook. 


Microscopical  Examination, 

No.  18454.    Dlatomaceas,  OycloUUa,i;  Diatoma,!;  JUsloHra,  5;  Meridiotit  1;  StfMdra,W;  TaM- 
lariat  2.    Algas*  Scenedetmu9, 3;  Tetrapedia,  1.    Total,  35. 
No.  13455.    No  organisms. 
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8wamp8cott  ajutd  nahant. 

Water  Supply  of  Swampscott  and  Nahant.  —  Marblehead 

Water  Company. 

The  advice  of  the  State  Board  of  Health  to  the  Marblehead  Water 
Company,  relative  to  the  ase  of  Floating  Bridge  Pond  in  Lynn  as  a 
source  of  pablic  water  supply  for  the  towns  of  Swampscott  and 
Nahant,  may  be  foand  on  pages  41  and  42  of  this  volume.  An 
analysis  of  a  sample  of  water  collected  from  the  pond  may  be  found 
CD  the  following  page. 


Chemical  ExamincUion  of  Water  from  the  Wells  of  the  Marblehead  Water  Company, 

Swampscott, 

[Parte  per  100,000.] 


Date  of 

Collection. 

ArPSABAVOB. 

{  Ketidaeon 
1       Evaporation. 

AWMOKIA. 

Chlorine. 

NITBOOBV 

1 

o 
• 

r 

o 

t 

Q 

• 

Number. 

Torbldltj. 

1 

• 

1 

• 

1 

Alba- 
minold. 

i 
s 

1 

« 

! 

IHM 

• 

1 

11900 

Jan. 

3 

None. 

None. 

0.00 

12.70 

.0000 

.0004 

1.10 

.0800 

.0000 

.0429 

5.8 

.0000 

11721 

Fflb. 

7 

None. 

None. 

0.00 

12.20 

.0000 

.0008 

1.25 

.0700 

.0000 

.0224 

8.0    .0000 

11853  i  Mar. 

7 

1  None. 

None. 

0.00 

11.00 

.0000 

.0010  ' 

1.20  ' 

i.0400 

.0000 

.0440 

8.0  '.0100 

12011    Apr. 

0 

V.  alight. 

None. 

0.08 

11.70 

.0000 

.0022  ' 

1.14 

.0750 

.0000 

.0840 

5.8  i.ooeo 

1S1S4  .  May 

8 

None. 

None. 

0.04 

10.80 

.0000 

.0032 

1.10 

.0700 

.0000 

.0902 

5.8  1.0000 

12351    Jane 

11 

None. 

None. 

0.02 

18.10 

,.0000 

.0012 

1.21 

.0600 

.0000 

.0323 

5.7    .0100 

11496    Jaly 

10 

None. 

None. 

0.02 

22.20 

!.0010 

.0016 

4.20 

.1500 

.0000 

.0281 

0.8  1.0060 

12581    Jnly 

18 

V.  alight. 

V.  alight. 

0.02 

14.40 

'.0000 

.0008 

2.04 

.1000 

.0001 

.0115 

6.4    .0160 

12742  ,  An«. 

18 

None. 

V.aUght. 

0.08 

48.05 

.0000 

.0018 

16.71 

.5500 

.0000 

.0323 

18.5  1.0040 

12950  ;  Sept. 

10 

None. 

V.  alight. 

0.20 

84.50 

.0000 

.0008 

25.48 

.5000 

.0000 

.0385 

32.0    .0050 

18124    Oet. 

8; 

;  None. 

None. 

0.07  1 

04.00 

1.0000 

.0030 

31.78 

;.8300 

.0000 

.0684 

44.5    .0000 

13277    Not. 

7 

V.  alight, 

None. 

0.05 

72.80 

.0004 

.0030 

22.70  , 

'.7000 

.0001 

.0808 

28.5    .0200 

milky. 

1 

1 

18448 

Dee. 

5 

None. 

1 

None. 

0.00 

88.40 

, 37.84 . 

1            1 
1           1 

1.0010 

.0020 

19.30  1 

.5000 

1 

.0000 

,.0530 

1 

28.5 
15.8 

.0070 

At.* 

1 
0.04 

1 

.0002 

.0018 

10.52 

! 

.SMS 

.0000 

.0608 

.0066 

|l 

Averages  by  Years. 


1887t 

. 

^ 

0.03 

28.88 

1888 

. 

. 

0.00 

25.16 

1889t 

. 

- 

0.00 

26.20  • 

1890§ 

. 

— 

0.00 

44.00 

1891 

• 

— 

0.00 

38.64, 

1892 

. 

• 

0.00 

54.041 

1883 

« 

• 

0.01 

46.42 1 

1804 

■" 

" 

0.04 

37.84 

.0032 
.0007 
.0006 
.0006 
.0018 
.0000 
.0000 
.0002 


.0028 
.0035 
.0033 
.0010 
.0010 
.0010 
.0022 
.0018 


2.04 

3.26 

3.80 

8.80 

7.73 

14.53 

12.12 

10.52 


.5302 
.4477 


.0008 


,4390  .0002 


.6250 
.  wuv 
.7437 
.4263 
.2983 


.0001 
.0002 
.0000 
.0000 
.0000 


.0747 
.0506 


21.2 
18.0 
22.0 
14.7 


.0061 


15.8  .0066 


*  Where  more  than  one  aample  waa  eolleoted  In  a  month,  the  mean  analyala  for  that  month  haa  been 
Qied  in  making  the  aTerage. 
t  June  to  December. 
t  Janaary  to  May. 
§  October. 

NoTB  to  analyaea  of  1804:  Odor,  none. No.  12498  waa  ooUeeted  from  the  Urge  well,  and  the 

other  lamplce  from  a  faaeet  at  the  pumping  atation. 

Microscopical  Examination, 

A  Tery  few  organlama  were  found  in  the  aamplei  collected  in  April,  Jnne  and  Jaly,  and  none  in  the 
otben. 
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SWAMPSCOTT  AND  NAHANT. 

Chemical  Examination  of  Water  from  Tubular  Wells  of  (he  Marblehead  Water 

Company  on  Paradise  Boad^  SwampscoU, 

[Parte  per  100,000.] 


« 

1 

APPBABAlfOB. 

• 

B 
O 

Amioiru. 

NrrBOOBV 

▲a 

a 

0 

«« 
S 

cl 

• 

• 

a 

R 

9i 

Date  of 
Coll 

if 

1 

■1 

1 

1 

o 

is 

•< 

4 
Si 

5 

i 

Oxygen 
Com 

B 

n 

• 

1 

ISM. 

1 

12679 

July     18  ] 

1 

1 

None. 

Slight, 
earthy. 

0.0 

18.60 

.0008 

.0000 

1 

1.41 

1 

.0600 

.0002 

.0000 

6.7 

.02<I0 

Odor,  Done. The  aample  waa  ooUocted  from  a  temporary  pump  drawing  water  from  the  wella 

in  Paradlae  Road. 

Microscopical  Examination. 

Fungi,  Or^nothrix,  84. 

C?iemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Marblehead  Water 

Company  in  the  Valley  of  Stacy^s  Brooke  Swampscott, 

[Parte  per  100,000.] 


§ 

Appbaxahcb. 

on. 

Ammovia. 

NiTBOOBN 

i 

1 

.2 

A8 

a 

s 

1 

1 

8 

ate  of 
GoU 

a 

6 

1 

1 

ealdue  oi 
Evapo 

Ibu- 
mlnold 

• 

B 

1 

1 

• 

J 

i 

M 

• 

m 

s 

1 

&S 

Q 

H 

OO 

O 

P3 

£ 

< 

s 

» 

^ 

O 

n 

1 
1894. 

! 

1 

i 

12580 

July    18 

None. 

None. 

0.0 

48.60 

.0074 

.0012 

11.40 

.8600 

i 

.0022 

.0402 

17.0 

.0120 

Odor,  none. The  aample  waa  ooUoeted  from  a  pnmp  drawing  water  from  72  tubular  wella  near 

the  pumping  station  of  the  uarblehoad  Water  Company  In  Bwampeoott.    All  the  tabular  wella  In  thla 
Tiolnity  wore  connected  with  the  pnmp. 


No  organiama. 


Microscopical  Examination. 


Chemical  Examination  of  Water  from  Floating  Bridge  Pond,  Lynn. 

[ParU  per  100,000.] 


KK8IDUB  ON 

■ 

e 

Appkakascb. 

EVAPOBA- 

Ammonia. 

NITBOOBN 

It 

i 

S 

1 

TIOH. 

s 

AS 

a 

a 

Sediment 

i 
§ 

J 

1 

■ 

1 

r 

1 

Albuminoid. 

• 

m 

S 

• 

m 

i 

• 

1 

9 

as 

• 

1 

|1 

• 

u 

00 

6 

a 
& 

1 

1 

19M. 

1 

1 
1 

12578 

July  18 

Decided, 

Slight, 

1.00 

1  6.60 

2.76 

.0000 

.OS20 

.0288 

.0082 

.00 

.0020 

.0000 

.7607 

l.» 

green. 

green. 

1 

I 
1 

Odor,  distinctly  disagreeable,  becoming  vegetable  and  grassy  on  heating. The  sample  waa  col- 
lected from  the  pond  at  the  surface,  near  the  northeasterly  shore. 

Microscopical  Examination, 

Diatomacea,  Jr«to«<ra,  02;  /9yn«clra,  1;  Tabellariat  216.  Cy^nophyeem,  Anabfena,  790;  Oaciltariap 
6.  A\gn,  Arthrodeamu$,  H;  Clotiteriumt  160;  StauraiUrumt  64.  Infusoria,  IHnobryon  catet,  3;  Fieri  ^ 
dinium^  1 ;  Trach^lomoncu,  1.  Vermes,  Anurea,  2;  Monoeercay  1 ;  RotSfert  1.  Mlsoellaneous,  Zo6gkea^ 
48.    Total,  1,331. 


No.  34.]    EXAMINATION  OF  WATER  SUPPLIES.  819 

TAUKTOK. 

Water  Supply  op  Taunton. 

In  the  early  part  of  April,  1894,  the  direct  connection  between 
the  filter-basin  and  the  Taunton  River  was  shut  off  and  water  from 
Elder's  Pond  was  discharged  into  th^  filter-basin  and  pamped  thence 
for  the  supply  of  the  city.  In  the  latter  part  of  May  the  use  of  the 
filter-basin  was  discontinued,  the  water  of  the  Lakeville  supply  being 
discharged  directly  into  the  pump  well  at  the  pumping  station,  and 
daring  the  remainder  of  the  year  all  of  the  water  supplied  to  the  city 
was  drawn  from  this  source.  The  filter-basin  is  held  in  reserve  for 
use  in  emergencies. 

Beginning  on  April  10,  water  was  pumped  from  Assawompsett 
Pond  into  Elder's  Pond  and  a  nearly  constant  level  was  maintained 
in  the  latter  pond  during  the  remainder  of  the  year,  the  difference 
between  the  highest  and  lowest  levels  recorded  being  about  1.8  feet. 


Chemic€U  Examination  of  Water  from  AssawompseU  Pond^  Lakeville. 

[Pftrtt  per  100,000.] 


a 

3 


UMO  Mftr.ao 


6 

'8 


& 


USM 
1SIS5 
12806 


AmAMAMcm, 


m 

1 


13065 
ISIM 
13300 
12&M 


A¥. 


May  18 

JaiM25 
JDI724  I 
Aog^  I 
Get.  1 
Oct  23 
Nov.28 
Deo.  28 


Slight. 

V.  Blight. 

SUgfat. 

V.tUght. 

Slight. 

Slight. 

white. 
Slight. 

Slight. 

Slight. 


6 


0.55 

0.60, 
0.47 


Slight. 

Slight. 

Sllgbl, 

green, 
y.ilighl. 

Slight. 

Slight. 


SUght,     I0.I6 

white. 
Slight. 

Cone. 


Rbsidub  om 

ETAPOBA' 
TIOS. 


I 

Be 


3.10 
8.06 
3.10 


0.80 1  3.40 
0.20  8.80 
0.17  3.86 
3.26 
0.2&il  2.96 
0.30''  2.05 


0.33 >  8.22 


1.15 
1.20 
1.80 
1.40 
1.70 
1.26 
1.20 
1.10 
1.00 

1.20 


Amhovia. 


Albamlnold. 

^ 

•j 

• 

1 

i^ 

il 

Sk 

H 

Q     1  n 

.0000  .0148  .0126  .'OC-J 


.0000  .0142 


.01141.0028 


.0004.0150.01261.0024 

I         '         ! 
.0000  .0126  .0112!  .0014! 


.0000'. 0146  .01821 .0014 

I 

.0004  .0186|. 0160  .0066 
.0000. 0168' .0146'. 0022 


.00061.0164  .0132' .0082 

!   i   I 

.0012. 01821 .0150' .0082 


.0008  .01571. 0182' .0025 


.40 
.48 
.40 
.58 
.51 
.58 
.58 
.51 
.40 


NlTBOOBV 

At 


i 

B 

a 
m 

B 

o 
U 

s 

I 

O 


1: 
.0080  .0000!  .5736i 

.0030'.  0000!,.  5655 


1 

i 

1 

1 

2S 

as 

■ 

3 


.0000'. 00001  .5174 

.0000  .OOOO'  .4273 

I 


.0000  .3542 
.0000'  .3752! 
.0000'  .3041 


.0080 
.0020 
.0080 

1. 0080  .0000'  .3036 

I 
.OCJ"  .<K)00  .3989 


0.6 
0.6 

0.5 
0.8 
0.6 
0.6 
0.8 
0.6 
1.8 


.51  j  1.0021 


.0000,  .4344  0.7 

I     I 


Averages  by  Years. 


- 

IWT* 

- 

0.45 

8.68 

1.57 

1.0005'.  0180 

- 

1 
.48 

.0015<    . 

1    - 

1 

- 

- 

UMt  ' 

- 

- 

0.80 

4.20 

1.35 

'.0001  .0238 

- 

- 

.45 

.0030.00011     - 

- 

- 

lMlt| 

" 

- 

0.03 

2.80 

1.02 

.0000 

.0157;. 01 10 

.0047 

.46 

.0025.0000' 

-    '  0.4 

- 

ISM    '          - 

1 

- 

0.83 

8.22 

1.26 

l.ooos 

1 

.0157.0132 

1 

.0026 

.51 

.0021 

.OOOOli.4344   0.7 

1 

*  Jane  end  September.  t  JaDiury  end  M«y.  |  December,  two  eamplee. 

KoTB  to  anelyaee  of  1804:  Odor,  in  August  and  October,  none;  at  other  times,  Tegetable.— -The 


■amplea  were  collected  from  the  pond  at  the  intake  of  the  Taunton  Water  Works. 
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TAUNTON. 

Microscopical  Examination  of  Water  from  AssaworyipseU  Pond,  LakeviUe, 

[Organisms  per  cubic  centimeter.] 


1894. 


Mar. 


I 
May. '  July. 


Jaly.  I  Aug.  I  Oct. 

I  I 


Oct. 


Nov.  I  Dec 


Day  of  examination, 
Number  of  sample,  . 

PLANTS. 
Diatomaceea, 

Asterlonella, 
Cvdotella,  . 
Melosira,     . 
Synedra,      .       .       . 
Tabeliarla,  . 

CyanophyceaB,  . 

Clatbrocystls,     . 
Microcystis, 

Algm,     .... 

Cblorococcns,     . 

Hyalotbeca, 

Protococcas, 

ANIMALS. 
Bhlzopoda,  . 

Dlfflagia,     . 
Eugiypba,  . 

InftiBoria,    . 

Dlnobryon, 
Dinobryon  cases, 
Perldlniam, 
Trachelomonas, . 

Vermes.  Polyarthra,    . 


28 
11040 


28 
12286 


2 
12435 


20 
12006 


29 
12833 


2 
13055 


24 
13106 


SO 
18309 


31 
185S6 


30 

87 

84 

2 

14 

25 

88 

294 

8 

0 

0 

0 

7 

4 

31 

232 

2 

8 

0 

0 

0 

8 

1 

3 

9 

80 

88 

1 

5 

18 

29 

18 

0 

4 

25 

1 

2 

0 

2 

40 

11 

0 

1 

0 

0 

0 

0 

1 

0 

82 

0 

0 

8 

8 

2 

0 

0 

0 

0 

0 

8 

2 

2 

0 

0 

82 

0 

0 

0 

1 

0 

0 

12 

0 

0 

0 

15 

6 

60 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

0 

5 

6 

0 

0 

12 

0 

0 

0 

0 

0 

00 

0 

170 

112 

2 

14 

86 


pr. 


pr. 


0 
0 
0 


0 

2 

0 

0 

1 

0 

0 

0 

0 

0 

0 
2 

0 
0 

0 
0 

1 
0 

0 
0 

0 
0 

0 
0 

58 

0 

15 

2 

8 

0 

1 

8 

5 
50 

1 
0 

0 
0 
0 
0 

0 

0 

12 

8 

0 

0 

2 

pr. 

0 
0 
3 
0 

0 
0 
0 
0 

0 
0 

1 

0 

0 
0 
3 
0 

pr. 

0 

0 

0 

0 

0 

1 

0 

pr. 

pr. 
0 


46 

4 

40 
1 
1 


JHUcellaneout,  Zodgl<ea, 

9 

40 

60 

28 

0 

0 

8 

48 

110 

Total 

107 

111 

180 

82 

30 

34 

130 

345 
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TAUNTON. 

Chemical  Examination  of  Water  from  Elder'*8  Pand^  LdkevUle, 

[ParU  p«r  100,000.] 


la 
« 

B 

a 


e 
o 

e 
2 


ArrsAaASOB. 


^ 

"9 

^ 

J 

% 

O 

V 

"S 

H 

n 

t> 

SHght. 

Blight. 

0.02 

RUIDCK  OS 

EVAPOBA- 

TIOK. 


Ammonia. 


■ 

B 

s 

-i 

si 

1 

r 

1200U  Apr. 23  ;  V.ftUght.  |  V.  sHght.  |0.02 

12270   May  21 1  V.  alight.  >  V.  tlight.  '0.04 

"  I  'I 

13436  JaDe2&  I  Slight.      ISUght.      jO.Od' 

1S90T  I  July  24    Slight.      I  BUghl.      ,0.04 

12832  Aog.27    V.  alight.  SUght.       0.03 

19G66  0«t.    1  'v.  slight.  V.  slight.  0.03 

13197  Oct.  23    Slight.        V.  slight.  0.03 

13400  :  No¥.  28 1  V.  slight. !  V.  slight.  0.05 

0.04| 

,0.04 

I 


laUT  Dee.  28  >  V  slight. '  Slight. 


2.36 
1.60 
1.00 
2.40 
2.M 
3.00 
2.00 
2.66 
2.66 
2.20 


I 


At. 


2.32 


fib 


Albamlndid. 


0.76  ;  .0000.0130.0120 

I 


.0016! 


B 

I 


.34 


-  '  .0022  .0110  .0102  .0008  .40 


0.96  I  .0000'. 0128 


I 


.0110 


.0018, 


.89 


0.76  .00041.0124  .0110  .0014  !. 40 
1.00  .0000. 0128,.  0004  .0084  .44 


1.16  '  .0000  .0142  .0128-. 0014. 42 


0.76  I  .0000.  .0148  .0126' .0022  .60 

.46 
.U 


1.26  *  .0000  .0154  .0138. 0016 

I'll  I 

1.00  '  .0002  .0124,. 0118'. 0006. 

I'  I  I  I  < 

0.86  1.00141.0168.0164.0004 


0.94     .00041.0136 


.0120  .0015 

I 


.46 


.42 


.0030 
.0000 
.0000 
.0030^' 
.0000 
.0080 
.0030 
.0000 


.0000  .1443i  0.6 

.0001  .1663  0.6 

.0000  .16171  0.6 

.0000  .1617  0.3 

I 

.0000  .2054  0.8 

I 

.0000'  .1698  0.6 

'!      I 

.0000  .2001'  0.6 

.000'  .1640,  0.8 


.00161.0000 


.1668 


0.4 


Average*  by  Years, 


1887* 
1888t 

180U 
18M 


0.00 

2.60 

0.68 

0.06 

2.00 

0.46 

0.00 

2.03 

0.90 

0.04 

2.32 

0.94 

1 

.0004 
.0000 
.0000 
.0004 


.0130 
.0138 
.0143 
.0136 


.01201.0023 
.0120' .0016 


.41 
.36 
.40 
.42 


.0030 
.0000 
.0010 
.0015 


.0000  - 
.0001  - 
.0000. 1668 


0.3 
0.4 


Baptember. 


t  May. 


X  Deeember,  two  samples. 


NoTB  to  aoalyaea  of  1894 :  Odor,  in  April,  Jone»  July  and  Oetobar,  none;  at  other  times,  vegetable . 
— >The  sample*  were  collected  from  the  pond  In  the  ▼Iclolty  of  the  gate-hoase  of  the  Taunton  Water 
Works. 
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TAUNTON. 

Microscopical  Examination  of  Water  from  Elder^s  Potid,  LakeviUe. 

[Namber  of  orgaDUmt  par  oabic  centimeter.] 


1994. 


Mar. 


Apr. 


May- 


July. 


July. 


Aug. 


Oct. 


Oct. 


Nov. 


UvC* 


Day  of  ezamlBatJon, 
Number  of  aample, 


28 
11941 


24 
12090 


24 

2 

12270 

12486 

9 

5 

0 
0 
8 

1 

0 
0 
6 
0 

1 

6 

0 
0 

1 

0 
0 
6 

0 

0 

0 
0 

0 
0 

29 

12607 


29 
12882 


2 
13056 


2i 
1S197 


80  I      81 
1840o!  18567 


PLANTS. 

DlatomaoeflB,  • 


Aaterionellai 
Meloalra,  . 
Bynedra,  . 
Tabellarla, 


CyanophycesB, 


Apbanocapaa, 

Cnrodcoccua, 

Mlcrocyatla, 


Alfir», 


Rapbidium, 
Tetraapora, 


ANIMALS. 


Infusoria, 


Cryptomonaa,  . 

DinobryoD, 

DinobryoD  eaaea,    . 

Mailomonaa,    . 

Perldluiuro, 

Tracbelomonaa, 

Vorticella, 


0 
0 
0 


8 

3 
0 


0 

'0 

1 

2 


0 
0 
0 


0 
0 


28 

7 

8 

0 

2 

0 

0 

0 

0 

28 

5 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

6 

0 

Ji 

1 

0 
2 
0 


0 

Si 

2 


14 


2 
8 
4 


8 

8 
0 


0 
0 
0 
0 
6 
pr. 


17 

13 
0 
4 

0 


12 

0 

0 

12 


0 
0 


SI 
0 
2 
2 


44 

0 
0 


0 
0 


11 

4 
5 
2 
0 


32 

4 
0 


8 

8 
0 


6 

0 

2 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

1 

2 

0 

1 

0 

0 

0 

0 

0 

0 

16 

16 
0 
0 
0 


0 

7 

44 

0 
0 
0 
0 


83 

0 

pr. 


1 

pr. 

0 
0 

1 

0 

0 

pr. 

18 

8 

10 
8 

8 
0 

51  i     10 


0 
0 
10 
0 
pr. 
0 
0 


Ml9cellaneou9,  Zoogloaa, 


6 


26 


11 


52 


Total, 


40 


11 


62 


24 


66 


46 


ro       100 


86 


61 
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323 


TAUNTON, 

ChemuxU  ExamiruUion  of  Water  from  the  FiUer-basin  of  the  Taunton  Water 

Works, 

[Partfl  per  100,000.] 


a 

1 

'  RxainuB  OM 

EVAPOBA- 
TIOW. 

AMMOXIA. 

■ 

s 

1 

1 

NITBOOBH 

▲a 

1 

Oxygen  Consumed. 

1 

1 

• 

§ 

r" 

• 

1 

Albuminoid. 

8 

£ 

• 

8 

S  1 

1 

IB 

0 

s  j 

a 

S 

B 

1 

1 

• 

1 

• 

1 
il 

00 

1 

I 
1894. 

1 
1 

11685   Jan.  26    Slight. 

Slight. 

0.75    5.45 

- 

.0008.0068 

- 

- 

.68 

.0900 

.0000  .6901  1.4 

1 

11808   Feb.  26  ,y.  slight. 

Blight. 

0.70 

4.90 

- 

.0006.0124 

1 

- 

- 

.53 

.0120  .OOOo' 1.6464' 1.3 

.  1          1 

11M3   Mar.  26    V.  alight. '  Cent. 

0.75  1  4.06 

1.40 

.0006.0108 

.0098 

.0010 

.66 

.0120  .0000 

.62760.6 

19009 

Apr.  23    SUght.      jSUght. 

0.40'    4.85 

1 

1.50 

.0008  .0136 

.0112 

.0024 

.56 

.0160.00011.43451.3 

1 

12287    May  28  ,  Slight.      1  Blight. 

0.08 

1 

'  2.75 

0.90 

.00041^0164 

.0108 

.0056  .43 

.0080.0000  .18330.5 

1          * 

12434 

Jane26  }  SUght.      '  Slight. 

1                                      1 

0.04.1  4.15 

1.25 

.0036.0140 

.0104 

.0036  .50 

.0380  .00061;.  1525 1.0 

1          1 

1SQ05 

July  24 

1  Slight. 

Slight. 

0.07 

4.65 

1.20 

.0000  .0134 

.0098 

.0036 

.67 

.0210  .0003 

.12321.1 

12835 

1                  '       green. 
Aag.27'  Distinct.  ,  SUght. 

•1 
0.07,   4.70 

- 

.0000  .0182 

.0118 

1 
.0064 

.66 

.0050*.  0003 

.08471.6 

19068    Oct.    I'l  Distinct, 

SUght, 

0.10 

'  4.10 

1.25 

.0000  .0116 

.0070 

.0016  .68 

.0180  .0000 

.10271.4 

green. 
13199    Oct.  23    Slight. 

green. 
Cona., 

0.05    3.05 

1.05  i 

.0008.0124 

.0066 

.0058 

.56 

r     ! 

.0180  .OOOli  .1106  1.4 

13401 

Nov.  28    V.  alight.   Slight. 

0.08    8.75 

0.96 

.<K)14 

.0106 

.0086  .0022' 

.62 

1          „          , 
.0180.0001  .18781.8 

1S659 

Dec.  28    V.  alight.   Slight. 

1 

0.05' 

0.26 

i 

8.90 

0.96 

.0004  .0108 
.0008'.01S2« 

.0092 
.0006 

.0016 
.0037 

.60 
.65 

.0300  .0000, '.1424 

1 

.0175  -OAAI    .9871 

1.6 

Av. 

1                  1 

i  4.86 

1.16 

1.2 

! i 

1 

1 

Averages  by  Tears. 


0.29 

5.66 

r 

1 

I 

0.47 

1 

5.40 

1 

0.29 

6.12 

- 

0.38 

6.91 

- 

0.86 

5.26 

8.76 

0.60 

6.63 

8.88  1 

0.82 

6.41 

1.82 

1 

0.26 

1 

4.86 

1.16  ' 

1 

.0017 
.0010 
.0012 
.0012 
.0014 
.0006 
.0026 
.0008 


.0092 

- 

- 

.60 

.0120 

- 

- 

.68 

.0078 

- 

- 

.67 

.0087 

- 

- 

1.67 

.0078 

- 

- 

.66 

.0124 

- 

- 

.66 

.0149 

- 

- 

1 
.67 

.0182 

.0096 

.0087 

.66 

.0167  -  I 
.0150  .0001 
.0185  .0001 
.0227*. 0001, 

.0812.0000 

I 

.0147.0001 
.0114.0001 
.0175  .0001 


1.0 
1.7 
1.6 
.67631.4 
.28711.2 


*  Bzclntive  of  Noa.  11686  and  11806. 


t  June  to  Deoember. 


NoT>  to  analyeea  of  1804 :  Iron,  .0168.  Odor,  ▼egetable,  aometlmea  mouldy  or  dtaagreeable.  — - 
The  flmt  three  aamplea  were  coUeeted  from  a  faucet  at  the  pumping  ataUon,  and  the  othera  directly  from 
the  fllter.baain. 
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TAUNTOX. 

Microscopical  Examination  of  Water  from  the  Filler  Basin  of  the  Taunton  Water 

Works. 

[Number  of  orgADisms  per  euble  centiineler.] 


PLANTS. 
Dlatomaceea,  . 


Asterlonella, 
MeloBlra,  . 
Navloula,  . 
Bynedra,   . 
Tabellarla, 


CyanophycesB, 

Apbanooapaa,  . 
Oacillarla, 


Alfir»i 


Chlorocooeaa,  . 
Protococcaa,    . 
Rapbidiam, 
Bcenedearoaa,  . 


Ihingrl.  Crenotbrlz,     . 


ANIMALS. 
Infusoria,  . 

Cryptomonaa,  . 

Diiiobryon, 

Dlnobryon 

Mooaa, 

PeridiDium, 

Bynura,     . 

Vortloella, 


1894. 

Jan. 

Feb. 

Mar. 

20 
11943 

Apr. 

24 
12080 

May.    July.  '  July.  •  A,ag. 

Oct 

Oct. 

Nov. 

Dec. 

Day  of  examloatloD, 
Number  of  sample, 

27      27 
11886  11806 

20 
12287 

2 
12434 

26 
12606 

20 
128U 

2 
13068 

26 
13190 

80 
13401 

31 
13589 

Vermes, 


Anurea,    . 
Polyarthra, 
Rotatorian  ova, 
Rotifer,     . 


4 

4 

10 

pr. 

0 

1 

2 

0 
2 

0 
8 
pr. 
6 
2 

pr. 

0 

0 
pr. 

0 
0 

0 

0 

0 
0 
0 
0 

0 

0 
0 
0 
0 

0 

82 

5 

84 

62 
0 
0 

4 
0 


8 

0 
8 


28 

0 

28 

0 

0 


880       88 


800 
0 
0 

680 
0 


0 
2 


0 
0 
0 

0 


0 

0 

0 

84 
o 


824 

0 
0 
2 
820 
2 


0 
0 


0 
0 
0 
0 


0 
0 


"6 

2 

2 


560 


1,241        78 


0    1,240 
0  !        1 


0 

660 

0 


0 
0 


0 
0 
0 

1 


0 
0 
0 


82 

92 
pr. 


0 
0 
0 
2 


23 

10 

1 

44 

0 


0 
2 


41 

12 
24 

4 
1 


88  >  \n 


68 
8 
1 

26 
pr. 


pr. 


pr. 


0 
0 
0 
0 


1 

pr. 

22 

50 

966 

17 

46 

2 

47 

1,081 

[ 
24 

0 

0 

0 

13 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

34 

840 

0 

0 

0 

82 

41 

0 

1 

0 

22 

0 

120 

0 

0 

0 

16 

1,040 

24 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

pr. 

0 

0 

6 

17 

44 

2 

0 

0 

pr. 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

pr. 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

8 

1 

0 

2 

5 

4 

2 

0 

0 

0 

0 

pr. 

0 

0 

0 

pr. 

1 

0 

0 

0 

0 

0 

3 

0 

0 

1 

2 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

3 

2 

1 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1.S6 

0 

0 

86 

0 


0 
1 


0 
0 
0 
0 


o 
o 
o 

0 
2 

O 

o 


0 

o 
o 

0 


Mi8ceUaneou9t  ZoSglosa, 

0 

16 

18 

0 

0 

0 

46 

0 

0 

6 

1 

s 

Total 

6 

67 

66 

149 

1,901 

104 

420 

666 

1,387 

1,212      126 

178 

No.  34.]    EXAMINATION  OF  WATER  SUPPLIES.  825 

TAUNTON. 

Chemical  Exaimination  of  Water  Jrom  the  TautUon  River^  at  TaurUon, 

[Paru  per  100,000.] 


a 


5 

e 


U8M 


Jan.  26 


11807    F«b.26 


Apfsajujios. 


I 


■ 

I 


11942 
12148 
12S0O 
134S3 
12004 
128S4 
18067 
18108 
18484 
13558 

At. 


Mar.  26 
Umj  2 
May  21 
Jiiim25 
Jaly24 
Aiig.27 
Get.  1 
Get.  28 
Deo.  14 
Deo.  28 


Slight. 
V.  alight. 
Slight. 
Slight, 
y.  alight, 
y.  alight. 
Slight, 
y.  slight. 
SUght. 
Slight. 
Slight. 
Decided. 


Gona. 

SUght. 

Cona. 

Gone*, 

raaty. 
Gona. 

Slight. 

Slight. 

Slight. 

Slight. 

Gona. 

Slight. 

Heary, 
raaty. 


1.10 
1.20 
1.40 
1.00 
1.80 


RsaiDDK  oa 

EVAPOBA- 

nov. 


si 


I 


5.10 
4.55 
4.85 
4.85 
4.85 
2.201'  5.45 


1.20 
0.70 
0.70 

i.ioi 

1.85 
1.20 


1.28 


4.50 
5.10 
5.45 
6.80 
5.75 
4.86 


5.01 

I 


2.25 
2.06 
2.40 
2.10 
2.85 
2.70 
1.65 
1.60 
1.80 
2.55 
2.45 
1.05 


2.15 


Ammoxxa. 


I 


Albnoiliioid. 


I 


.0006 

.0000 
.0008 
.0048 
.0042 
.0062 
.0020 
.0078 
.0024 
.0004 
.0022 
.0024 


.0027 


.0112 


.0090 


.020S  .0186 


.0188 
.0203 
.0254 
.0246 


.0168 
.0906 
.0230 
.0240 
.0850 


.0224 


.0168 
.0286 
.0284 
.0280 


.0022 

.0022 

I 
.0020' 

I 

.0026 
.0020 


.61 
.58 
.50 
.56 
.49 


.0016  .58 


.0208  .0012 
.OI52L0OI6 
.017o|.0086 
.OI94L0O86 


.0216 
.0102 


.0190 


.0024 
.0158 


1 

.0084' 


.64 
.70 
.72 
.75 
.65 
.47 

.60 


Knraoaia 


» 


I 


.0070 
.0050 
.0070 
.0060 
.0080 
.0000 
.0020 
.0050 
.0090 
.0050 
.0120 
.0080 


.0001 


I 
I 

S 


.0047 


.98461.8 
0.8 


.0001  1.1080 
.0001  1.1806 


.0001 
.0001 
.0001 
.0001 
.0000 
.0001 


1.1760 


1.1868 
.6787 
.4681 
.6122 


.000 J  .9208 


.0000 
.0001 


.0001 


1.0664 
.0686 


.9872 


0.7 
0.6 
1.8 
1.1 
0.0 
1.1 
1.4 
1.6 
1.8 
0.9 

1.1 


Averages  by  Years, 


1887*  1 

- 

^ 

1.29 

5.84 

2.09 

1888 

I 

- 

- 

1.51 

6.25 

2.28 

1889  ' 

- 

- 

1.67 

1  4.50 

2.17 

1890 

- 

- 

1.81 

.  5.86 

1 

2.27 

1891 

- 

- 

1.12 

4.77 

1.98 

1892 

- 

- 

1.08 

5.27 

2.20 

1803 

- 

- 

1.88 

5.88 

2.81 

1804  1 

- 

1.28 

5.01 

1 

2.15 

.0080 


I 


.0285 
.0015.0294 
.0015,. 0004  .0270 


.0084 


.0016.0254.0225.0029 
.0006.02901.01971.0023 

.0012. 0225- .0198  .0027 

i  I 

.0048.02461.0212.0084 

.00271.0224.0190.0084 


.59 
.44 

.45 
.48 
.47 
.54 
.66 
.60 


.0097 
.OO86.OOOI11 


.0086 


.0001, 


.0118  .0001 


.0005 


.0001 


.0003.0001 

.0078|.0002 

I 
.0047.0001 


.0820 
.9872 


1.8 
1.0 
1.1 
1.1 
1.1 


*  Jane  to  December. 

Nora  to  analyaea  of  1894 :  Odor,  vegetable,  aometlmea  alio  mouldy. The  eamplea  were  collected 

from  the  river  oppoalte  the  filter-baaln  of  the  Taonton  Water  Worka. 


Mieroseoptcal  Examination, 

The  avenge  ovmher  of  orguBlama  ft>wid  In  tbeae  aamplea  wae  874. 
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TISBUBT. 

Watbb  Supply  op  Tisbuby.  —  Vineyard  Haven  Wateb 

Company. 

ChemiccU  Examination  of  Water  from  the  FiUer-gaUery^  at  Taahmoo  Spring. 

[PftrU  p«r  100,000.] 


I 


IflOlO 
U810 


0 


%' 


ISM. 

July     26 
Aug.    26 


Appbamavos. 


s 


NOIM. 

None. 


8 


None. 
None. 


0.01 
0.00 


II 

s 


4.10 
6.60 


Ammovia. 


! 


>000i 
,0000 


e 
SB 


.0000 

.0004 


4 

I 


0.08  I 
1.00  I 


NlTBOOM 


I 
S 


I 


.0070 
,0020 


.0000 

.0000 


8 

a 

m 

a 

18 


I 


I 


.0007 
.0000 


0.5 


.0100 


0.8  ;.008O 


Odor,  none. —The  wmplei  were  colleeted  from  «  faneet  at  the  pumping  itation  while  pumping. 

Microscopical  Examination, 

No  organlame. 

UXBBIDGE. 

For  analyses  of  samples  of  water  from  Mendon  Pond,  see  Mendon. 


Wateb   Supply  of  Wakefield   and   Stoneham. — Wakefield 

Watbe  Company. 

Chemical  Examination  of  Water  from  Crystal  Lake^  Wakefield. 

[ParU  per  100,000.] 


RSSIDUB  CM 

1 
AXMOXIA.                ' 

* 

g 

AmAnAVOB. 

EVAPOBA- 

NXTBOOBK 

1 

Tiosr. 

AS 

i 

• 

• 

a 

▲Ibamlnoid.     | 

1 

1 

1 

1 

. 

H 

Loss  on 
Ignltio 

1 

i 

1 

Sus- 
pended. 

« 

1 

1 

9i 

• 

2 

111 

19M. 

I 

11880 

Mar.  14 

Blight. 

Cone. 

0.08 

3.96 

1.85 

.0008 

.0142 

.0122 

.0020  .68 

.0300 

.0001 

.2184 

1.6 

12871 

June  13 

V.  slight. 

Slight. 

0.18 

4.46 

1.80 

.0010.0140 

.0132.0008  .64 

.0060 

.0001, 

.2872 

1.8 

12022 

Sept.ll 

DUtlDot.    Slight. 

0.23 

4.86 

1.40 

.0002,.  0170 

.0188.0082  .64 

.0000 

.0000  .2387 

1.8 

18480 

Dec.  13 

V.  alight.  [Slight. 

0.15 
0.16 

1  4.80 

1 

1.00  1 

1 

.0024 
.OOll' 

.0166 

.0152.0014||.77 

.0070 
.0105 

.0000  .2040 

.0001'  .2371 

1 

1.8 

At. 

4.89 

1.26 

.01A& 

.0186 

.0019 

.67 

1.8 

Averages  by  Tears. 

1887* 

I 

^ 

0.17 

8.78 

0.01  1 

1 
.0006 

.0174 

. 

.51  , 

.0048 

1 

1    . 

1888t 

* 

- 

0.18 

3.09 

0.92 

.0009 

.0167 

- 

.48  ' 

.0080 

.0001      . 

^ 

1880t 

- 

- 

0.10 

8.00 

0.87  1 

.0009 

.0141 

.0119 

.0022 

.40 

.0163 

.0002;    . 

^ 

. 

1800S 

> 

> 

0.25 

4.22 

1.86  ii.OOOl 

.0871 

.0190 

.0181 

.46 

.0090 

.0001      - 

1.8 

. 

189111 

- 

- 

0.08 

4.17 

1.60  ;|.0003 

.0160 

.0129 

. 0081 i  .47 

.0145 

.0001,      - 

1.A 

• 

1808 

— 

- 

0.14 

3.81 

1.27    '.0028 

.0164 

.0141 

.0028!  .57 

.0108  .0001  .2638'  i.5 

" 

1804 

0.16 

4.39 

1.20 

1 

.0011 

.0155 

.0186 

.0019  .07 

1 

.0105  .0001 

.2371|  1.8 

*  Jane  to  December.  t  Jenuary  to  October.  X  Jennary,  March  and  Jane. 

§  Three  In  October.  ||  May  and  November. 

NoTB  to  analyses  of  1804 :  .Odor,  in  September,  distinctly  disagreeable,  becoming  vegetable  on  heat- 
ing; at  other  times  distinctly  Tegetable. The  samples  were  coUeeted  from  a  faneet. 
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WAKEFIEIiD  AND  STONSHAM. 

Mierosoopieal  Examinaium  of  Water  from  Crystal  Lake^  Wakefield. 

[Namber  of  organlniis  p«r  eabt«  OMitlm«t«r.] 


1S*4. 


Much. 


Jane. 


Sept. 


Dm. 


Dmy  of  oiMnJnatlon, 
Ifnmber  of  nmple, . 


16 
11889 


14 
12871 


18 
12922 


16 
18488 


FLAJSrtB, 


Dlatomaceas,    . 

AflteiloDoUa, 
CyoloftellA, 
FngiUtfiA, 
TabeUarU, 

CyanopliyceflB, 


Chloroeooeiu, 
MleroejstU, 


Protoeooecw, 
Bapbldiiim, 
SUarogenia, 
TelriBpora, 


Fonsrli  CrenothrlXy 


147 

140 
6 
0 
2 

0 

0 
0 
0 

0 

0 
0 
0 
0 


88 

0 

00 

6 

0 

It 

2 

10 
0 


200 

18 

4 

0 


204 

1 

10 

6 


0 
0 
2 

188 

06 

24 
0 

44 


6 

0 

1 

0 

4 


0 
0 
0 


0 
0 
0 
0 


ANIMALS. 
Khizopoda,  Bagtyphm,      . 


InftiBorla. 

Oerasiiim, 

Dinobryon 

DInobryoD 

Mallomooaa, 

Perldinlam, 


MlseettantmiSt  ZoSglcea, 


1 

0 

1 
0 
0 
0 


18 


8 

0 
0 
0 
8 

0 


1 

0 
84 

0 
1 


15 


0 

0 
0 
0 
0 
0 


78 


Total, 


108 


808 


460 


81 


The  following  table  contains  analyses  of  samples  of  water  from 
test  wells  driven  in  the  northerly  part  of  Wakefield  in  order  to 
determine  the  feasibility  of  obtaining  an  additional  water  supply  for 
either  the  city  of  Lynn  or  the  town  of  Wakefield  from  the  ground 
in  this  portion  of  the  town.  The  first  six  samples  were  from  wells 
driven  north  of  Lowell  Street  in  sandy  land  which  adjoins  an  ex- 
tensive swamp  upon  the  Saugus  River ;  the  seventh  from  a  well  on 
the  northerly  side  of  the  Saugus  River,  about  3,000  feet  below  Lake 
Quannapowitt,  and  the  last  from  a  well  at  the  kiortherly  end  of  the 
lake.  The  exact  location  of  the  first  six  wells  is  shown  upon  a  plan 
in  the  office  of  the  State  Board  of  Health,  and  the  numbers  of  the 
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wells  as  given  in  the  first  colamn  of  the  table  correspond  to  the 
numbers  as  given  upon  this  plan.  The  depths  at  which  the  samples 
were  taken  were  as  follows:  No.  8,  60.2  feet;  No.  4,  47.7  feet; 
No.  9,  37.8  feet;  No.  2,  36.2  feet;  No.  1,  49.0  feet;  No.  12,  35.8 
feet;  No.  16,  26.2  feet;  No.  17,  80.9  feet. 

These  tests  are  referred  to  at  considerable  length  in  the  report  of 
the  State  Board  of  Health  upon  a  Metropolitan  Water  Supply, 
pages  31,  32,  47  and  48. 

[Parte  per  100,000.] 


i 

■ 

i 
1 

Date  of 

GoUeotion. 

APFBASAJrOB. 

Residue  on 
Braporatlon. 

AMMOSriA. 

• 

KiTBOGBN 

1 

a 

r 

o 

i 

n 

1 

t 

1 

i 

1 

• 

1 
il 

• 

m 

1 

1 

• 

1 

18*4. 

8 

12811 

Jane  4 

Decided, 

Cone., 
earthy. 

0.60 

10.06 

.0006 

.0066 

.30 

.0030 

.0000 

.2606 

7.7 

.0825 

clayey. 
Dectdea, 

4 

12392 

Jane  7 

Cone., 
earthy. 

0.08 

8.60 

.0006 

.0014 

1.33 

.0000 

.0000 

.0470 

6.4 

.0020 

clayey. 
Decided, 

0 

12878 

Jane 14 

Heayy, 

0.05* 

8.05« 

.0004 

.0000 

.82 

.0A80 

.0001 

.0631 

4.8 

.0100 

clayey. 

■andy. 

2 

12882 

Janel6 

Distinct, 
clayey. 

Slight, 
earthy. 

0.02* 

8.16* 

.0000 

.0000 

.64 

.0860 

.0000 

1 

.0102 

6.0 

.O04d* 

1 

12441 

Jnne90 

Distinct, 
clayey. 
Thick, 

Cone., 
aandy. 

0.00* 

7.70* 

.0014 

.0000 

.84 

.0000 

.0003 

.0277 

6.0 

.0OOO« 

13 

124M 

Jaly  2 

HeaTy, 

0.05* 

14.60* 

.0070 

.0018 

.60 

.0000 

.0001 

.1386 

10.0 

.0600* 

clayey. 

clayey. 

16 

12628 

July  12 

SUgbt, 
milky. 

Slight, 

0.15* 

7.20 

.0012 

.0002 

.80 

.0020 

.0000 

.0630 

3.2 

.0400 

eandy. 

17 

12537 

Jaly  14 

Diatinct, 
clayey. 

Cone., 
aandy. 

0.06* 

14.60* 

.0860 

.0028 

.46 

.0000 

.0002 

.1147 

6.1 

.0300 

*  These  determinations  were  made  on  water  which  had  been  filtered  throagh  filter  paper. 

Odor  of  Noe.  12378  and  12464,  earthy;  of  the  other  samples,  none.    On  heating,  a  faintly  earthy  odor 
was  developed  in  Nos.  12811  and  12382. 

Microscopical  Examination, 

No.  12628.    Fnngl,  Orenothrix,  24. 

No  organisms  were  found  in  the  other  samples. 

Watee  Supply  of  Waltham. 

During  the  year  1894  the  water  of  the  well  and  filter-basin  has 
been  almost  entirely  free  from  the  microscopic  organisms  which 
were  present  at  times  in  abundance  previous  to  the  covering  of  the 
well  and  filter-basin  in  the  latter  part  of  1893.  From  June  19  to 
September  1  the  pumps  were  run  continuously,  excepting  occasion- 
ally at  night,  and  very  little  water  was  pumped  into  or  drawn  from 
the  open  distributing  reservoir.  The  water  of  the  reservoir  has 
contained  on  an  average  a  higher  albuminoid  ammonia  than  in  any 
previous  year  since  the  examinations  were  begun,  as  shown  by  the 
table  of  averages  by  years  on  page  330,  and  very  large  numbers  of 
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organisma  have  been  foand  in  the  water,  especially  of  Aaterionella, 
an  organism  which  was  present  in  great  abundance  in  the  earlier 
portion  of  the  year« 


Chemical  Examination  of  Water  Jrom  the  WeU  and  FiUer-basin  of  the  WaUhann 

WaUr  Works, 

[Parte  per  100,000.] 


Date  of 

Collection. 

AmABAVOK. 

1 

u 

1 

Ammoxia. 

1 

i 

NxrsooBH   j 

AB             ' 

i 

s 

8 
S 

i 

8 

o 

1 

«i 

■ 

1 

i 
il 

< 

1 

1 

• 

1894 
11618    Jan. 

1 
9 

1  None. 

None. 

0.00 

6.95 

.0018 

.0010 

.49 

.0200 

.0000 

.0468 

8.0 

.0040 

117» 

Feb. 

T    None. 

V.eUffht. 

0.00 

6.80 

.0020 

.0024 

.51 

.0150 

.0000  1 

.0640 

8.0 

.0025 

lUM 

moi 

1S170 

Mar. 
Apr. 
May 

7 
23i 

1 

8 

None. 

1 

'  None. 

V.  alight. 

Blight, 

earthy. 
Blight. 

■andy. 
V.illght. 

0.00 
0.02 
0.00 

6.85 
6.90 
5.90 

.0036 

.0082 
.0018 

.0022 

.0012 
.0028 

.48 

1 

.52 

.51 

.0120 
.0850 
.0250 

.0000 
.0000 

.0000 

.0680 
.0682 
.1025 

8.0 
3.0 

2.7 

.0060 
.0050 
.0000 

U341 
12&M 

Jane 
jQly 

11 
12 

None. 

None. 

1 

Blight, 

hiaok. 
None. 

0.08 
0.02 

6.85 
7.80 

.0020 
.0084 

.0018 
.0020 

.48 
.68 

.0220 
.0180 

.0000 
.0000 

.0608 
.0654 

2.9 
8.0 

.0060 
.0060 

127S1  !  Aag. 

1 
18    None. 

None. 

0.05 

6.70 

.0086 

.0022 

.46 

.0080 

.0000 

.0500 

8.2 

.0040 

12970 

Sept. 

17  iNone. 

None. 

0.02 

7.50 

.0082 

.0010 

.58 

.0260 

.0000 

.0400 

8.2 

.0060 

1S140 

Oet. 

16    None. 

1 

Slight. 

0.04 

7.80 

.0080 

.0030 

.52 

.0100 

.0000 

.0450 

8.6 

.0060 

18325 

Nov. 

10    None. 

None. 

0.01 

7.10 

.0026 

.0020 

.54 

.0200 

.0000 

1 

.0468 

8.5 

.0686 

134M 

Dec. 

17    None* 

Nona. 

0.02 

1 

) 

0.02  1 

1 

6.60 
6.75 

.0084 

.0018 

.64 

.51 

.0260 

.0000 

.ono 

8.4 
8.1 

.0050 

At. 

ll 

.0028 

.0019 

.0102 

.0000 

.0608 

.0044 

II 

Averages  by  Tears, 


1887* 

- 

.00 

1 

,  6.71  \ 

1888 

1 
1 

- 

.00 

6.70 

1880t 

- 

.00 

6.48 

1890t 

- 

- 

.00 

- 

1892 

- 

- 

.00 

6.81 

1803 

1 

- 

.01 

6.86  , 

1 

1894 

1 
1 

^ 

- 

.02 

6.75 

.0007 
.0009 
.0006 

.0000 
.0088 
.0086 
.0028 


.0088 
.0064 
.0084 
.0012 
.0027 
.0022 
.0019 


.47 
.46 
.48 
.47 
.45 
.47 
.51 


.0250 
.0278 
.0878 
.0880 
.0168 
.0179 
.0191 


.0008 
.0002 
.0002 
.0000 

.0000 
.0000 


.0648 
.0608 


8.4 
8.4 

8.1 


.0020 
.0044 


*  Jnne  to  Deeember. 


t  Jannaiy  to  May. 


X  Jnly. 


NoTB  to  analyeea  of  1894 1  Odor,  in  January,  faintly  earthy ;  in  May,  very  faintly  vegetable ;  at  other 
timea,  none.— The  first  eample  was  eoUected  from  a  faneet  at  the  pumping  station  and  the  others  from 
the  fllter-baaln. 
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Microscopical  Examination  of  WaUrfrom  the  Well  and  FiUer-baHn  of  the  WaUham 

Water  Works. 

[Number  of  organisms  per  coble  centimeter.] 


18M. 

Jan. 

Feb. 

Mar. 

Apr. 

BCay.  Jnne.  Jn^. 

Ang.  Sept. 

Oct. 

Nor. 

Dec 

Day  of  examination 

Nnmber  of  sample,      .... 

10 
11618 

8 

11729 

8 
11866 

24 
12091 

9 
12170 

12841 

12 

12626 

14 
12781 

18 
12970 

17 
18140 

21 
18826 

18 
184M 

PLANTS. 
Diatomaceea,  Melosira, 

P*unfirli  Orenothriz,  .... 

6 
0 

4 
0 

0 
0 

0 

1 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0 

0 
17 

0 
0 

0 
1 

Total, 

6 

4 

0 

1 

0 

0 

0 

0 

0 

17 

0 

1 

Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  WaUham 

Water  Works. 

[Parts  per  100,000.] 


Date  of 

Collection. 

Appbabaxox. 

Residae  on 
Evaporation. 

AmfoinA. 

1 

KiraooBH 

AS 

1 

i 

s 

i 

• 

t 

2 

a 

1 

1 

• 

1 

|1 

• 

1 

« 

1 

• 

11612 

11780 

11866 

12047 

12109 

12840 
12627 

12782 

12971 
18141 
13826 
18496 

18M. 

Jan.      9 

Feb.      7 

March  7 

AprU  16 

May      8 

Jane   11 
Jnly    12 

Aug.   IS 

Sept.  17 
Oct.     16 
Nov.    19 
Dec.    17 

Decided. 

Decided, 

green. 

DUtinct. 

V.  slight. 

Decided. 

Decided. 
Distinct, 

green. 
Decided, 

green. 
Slight. 
Slight. 
None. 
V.  slight. 

Heavy, 

green. 
Cons., 

yellow. 
Heavy, 

green. 
Oons., 

green. 
Cons., 

yellow. 
Slight. 
SUght, 

green. 
SUght, 

green. 
None. 
Slight. 
V.  slight. 
V.sUght. 

0.01 

0.00 

0.02 

0.02 

0.01 

0.02 
0.00 

0.08 

0.08 
0.04 
0.02 
0.07 

6.96 

6.96 

6.96 

6.70 

6.86 

7.10 
6.06 

7.80 

7.20 
7.70 
7.16 
6.70 

.0000 

.0002 

.0008 

.0000 

.0000 

.0028 
.0012 

.0016 

.0000 
.0000 
.0000 
.0016 

.0108 

.0186 

.0192 

.0172 

.0122 

.0140 
.0130 

.0168 

.0188 
.0192 
.0122 
.0070 

.49 

.49 

.48 

.60 

.68 

.60 
.66 

.46 

.64 
.62 
.64 
.66 

.0080 

.0070 

.0070 

.0060 

.0070 

.0060 
.0000 

.0300 

.0000 

.0000 
.0120 
.0180 

.0000 

.0002 

.0000 

.0001 

.0001 

.0001 
.0000 

.0000 

.0000 
.0000 
.0000 
.0001 

.1068 

.1264 

.0664 

.0816 

.1271 

.1089 
.1078 

.0639 

.0693 
.0829 
.1092 
.0678 

8.0 

8.0 

8.0 

2.9 

2.9 

2.9 
8.0 

8.8 

3.1 
8.6 
8.1 
8.4 

8.1 

.0020 
.0025 
.0026 
.0010 
.0026 
.0080 

.0040 

.0060 
.0020 
.0025 
.0030 

Av. 

0.08 

6.80 

.0007 

.0140 

.61 

.0078 

.0001 

.0926 

.0082 

Averages  by  Years, 


1887* 

«* 

.00 

6.66 

.0007 

.0061 

.46 

.0197 

. 

1888 

• 

. 

.00 

6.46 

.0008 

.0076 

.46 

.0248 

.0008 

. 

. 

« 

. 

1889t 

. 

.. 

.00 

6.21 

.0003 

.0078 

.47 

.0280 

.0008 

• 

. 

. 

. 

1890t 
1891$ 

_ 

. 

.00 

. 

.0000 

.0124 

.47 

.0280 

.0001 

. 

• 

. 

. 

. 

_ 

.00 

6.26 

.0000 

.0044 

.40 

.0200 

.0000 

. 

3.0 

« 

• 

1892 

.. 

. 

.01 

6.28 

.0006 

.0082 

.44 

.0110 

.0001 

_ 

3.0 

• 

• 

1808 

_ 

_ 

.04 

6.72 

.0006 

.0074 

.47 

.0127 

.0001 

.1038 

8.1 

.0010 

"• 

1894 

~ 

— 

.08 

6.80 

.0007 

.0140 

.61 

.0078 

.0001 

.0926 

3.1    .0032 

1 

*  Jane  to  December.  t  January  to  May.  %  Febrnaly.  §  May. 

NoTB  to  analyses  of  1894 :  Odor,  generally  faintly  aromatic,  sometimes  disagreeable  or  none. 
The  odor  is  generally  stronger  on  heating. The  samples  were  collected  from  the  reservoir. 
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Microscopical  Examination  of  Water  from  the  DistrHnUing  Beservoir  of  the 

WaUham  Water  Works. 

[Number  of  orguUms  por  eobio  omttmeter'.] 


18M. 

Jen. 

Feb. 

Mar. 

Apr. 

Kej. 

Jnne. 

Jnlj. 

Ang. 

8ept  Oet 

Hot. 

Deo. 

Day  of  •ZMnloation,  . 

10 

8 

8 

17 

0 

18 

12 

14 

18 

17 

21 

18 

Nnmbor  of  nmplop     . 

11012 

11780 

11855 

19047 

19100 

12840 

19597 

19789 

11071 

toui 

18896 

18405 

PLANTS. 

Dlatomaceeo, 

2o,m 

<3|416 

40,000  68,000 

50,100  4,100 

9,890 

86 

8 

89 

1 

4 

AsterionellA,  • 

SynodiB,        •       •       •       • 

Tabellarla,     .... 

10,000 

2 

224 

23,800 

0 

M 

40,000 
0 
0 

08,000 
0 
0 

50,000 

100 

0 

2,000 

2,900 

0 

0 

9,820 

0 

0 
88 

0 

0 
0 
0 

0 

82 

0 

1 
0 
0 

0 
4 

0 

Pungl*  Leptothrlz,  . 

0 

0 

0 

0 

0 

0 

0 

6 

600 

696 

1,890 

1,760 

ANIICALS. 

Inftisorla*      .... 

0 

16 

0 

0 

190 

460 

8 

9 

440 

0 

9 

6 

Cr7i»tomoiiM, 

DIoobryoDf    •       •       >       • 

MODM 

Peridintam»  .... 
Vortleella,     .... 

0 
0 
0 
0 
0 

0 

90 

4 

0 
2 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

50 

50 

60 

0 

0 

150 
0 

aoo 

0 
0 

0 
0 
0 
8 
0 

0 
0 
0 
0 
0 

0 
0 
0 
440 
0 

0 
0 
0 
0 
0 

0 
0 
0 
8 
0 

0 
0 
0 
0 
0 

Vermes,  Rotifer*    • 

0 

0 

0 

9 

0 

0 

0 

9 

0 

6 

0 

0 

JllUeeUanMU4,  ZoSgloa,     . 

0 

0 

0 

0 

0 

9 

0 

0 

0 

69 

0 

0 

TOTAT<,   .        .        •        •        .    20^226 

28,442 

40,000 

68,000 

50,250 

4,060  2,828 

09 

1,240 

944 

1,824  1,784 

1 

Chemical  Examination  of  Water  from  Charles  Biver^  at  WdUham. 

[Parte  per  100,000.] 


1 


5 

I 

I 

V. 

O 
m 


13296 


Oct.  80 


ApnusAvos. 


y.  Slight. 


BUght. 


0.58 


BK8IDDB  OX 

BTArORA-    , 

Amkosxa. 

nov.       > 

• 

1 

Albuminoid. 

. 

. 

1 

1 

1 

J 

1^ 

6.15 

1.55 

.0080 

.0109 

.0170 

.002S 

.61 


NlTBOOXM 


.0080 


.0001 


i 

§ 


« 

3 


.4928 


1.9 


Odor,  dietinetly  vegetable,  beeomlng  musty  on  heating. The  sample  was  oolleeted  from  the  river, 

near  the  pumping  station  of  the  Waltham  Water  Worke. 

Microseopiedt  Examination, 

PitaomaoesB,  Oifmbella,  I;  IHatoma,  1;  PlnnulaHat  1;  ^nedm,  3.    Algss,  OlotUriumt  1.    Fungi, 
CVmolArfe,  170.    Vermes,  Bot^/er,  1.   Mlsoellaneoue,  Zodglcu,  09.    ToUl,  980. 
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WARB. 

Water  Supply  of  Ware. 

There  has  been  a  great  reduction  in  the  amount  of  residue  on 
evaporation,  chlorine  and  nitrates  in  the  water  of  this  supply,  as 
will  be  seen  by  an  examination  of  the  table  of  averages  by  years 
which  follows.  The  main  well,  which  was  formerly  the  only  source 
of  supply  of  the  town,  is  now  supplemented  by  water  from  a  spring 
and  system  of  tubular  wells,  a  description  of  which  was  given  in  the 
annual  repoit  for  1893.  The  water  of  the  new  wells  and  spring,  as 
indicated  by  the  analyses  of  samples  collected  in  1893  and  1894, 
contains  a  small  amount  of  residue,  chlorine  and  nitrates  when  com- 
pared with  the  water  formerly  drawn  from  the  main  well. 


Chemical  Examination  of  Water  from  the  Main  WeU  of  the  Ware  Water  Works. 

[ParU  per  100,000.] 


Date  of 

Collection. 

APPBABAirOX. 

Resldae  on 
Evaporation. 

Akmomxa. 

1 

o 

NiTBOOBV 

Oxygen 

Oontamed. 

1 

1 

1 

• 

1 

• 

a  ' 

• 

! 

iUba- 
mlnoid. 

1 

1 

r 

• 

U072 
12448 
18206 

1M4. 

Jan.     28 

June    28 
Oct.     24 

None. 
None. 
None. 

None. 
None. 
None. 

0.0 
0.0 
0.0 

1 

4.70 
5.26 
5.80 

.0014 

1.0028 

.0000 

.0004 
.0014 
.0000 

.28 
.81 
.26 

.1000 
.1100 
.0900 

.0000 
.0000 
.0000 

.0000 

'.oon 

1 
.0118 

2.1 
2.1 

1.8 

2.0 

.0000 

.0020 
.0010 

Av. 

0.0 

6.25 

.0014 

.0006 

.27 

.1000 

.0000 

.0066 

.0010 

Averages  by  Tears. 


1887* 

- 

- 

0.0 

1888 

- 

- 

0.0 

1880t 

- 

- 

0.0 

isoot 

- 

- 

0.0 

1801§ 

- 

- 

0.0 

180211 

- 

-. 

0.0 

1888ir 

- 

- 

0.0 

1804 

- 

- 

0.0 

7.06 
7.68 
8.14 

11.70 

10.68 

11.08 

5.26 


.0001 

.0011 

0.60 

.2068 

1 

- 

.0000 

.0011 

1.80 

.8262 

.0002 

- 

.0001 

.0018 

0.89 

.8111 

.0000 

- 

.0002 

.0014 

0.95 

.3400 

.0000 

- 

.0000 

.0000 

1.44 

.7000 

.0000 

- 

.0000 

.0008 

1.16 

.6606 

.0000 

- 

.0002 

.0016 

1.04 

.4760 

.0000 

.0U7 

.0014 

.0000 

.27 

.1000 

.0000 

.0066 

8.9 
8.8 
3.7 
2.0 


.0085 
.0010 


*  Jane  to  November. 
§  November. 


t  January  to  June.  t  Febmary. 

II  Febmary,  Jaly  and  December.         IT  February  and  August. 


Note  to  analyaea  of  1894 :  Odor,  none.— The  aamplea  were  collected  from  a  ftiaoet  at  tlie  pumping 
■tatlon  while  pumping. 

Microscopical  Examination, 

No.  12448.    IClecellaneoas,  ZoigUaa,  2. 

No  organisms  were  found  in  the  other  samples. 
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WABE. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  and  Spring  oj  the  Ware 

Water  Works. 

[Parts  p«r  100,000.] 


8 

ArPBABAVOS. 

bS 

AXXOXIA. 

NiTROOBV 
AS 

1 

■ 

1 

•3 

• 

i 

• 

1' 

• 

i 

• 

1 

• 

s 

Ozjgen 
Corn 

i 

i 

9i 

1 

1 

SN 

■1 

d1 

1 

s 

s 

• 

1 

1M4. 

1 

1 

1 
1 

1 

1 

12M2 

Jane  28 

v.  Slight. 

V.aUght. 

0.0 

6.25 

'.0010 

1 
1 

.0086 

.« 

.0780 

.0000 

.0000 

2.2 

.0116 

Odor,  none. The  sample  was  collected  from  a  12.1neh  pipe,  which  conyeys  water  from  the  tubalar 

wells  and  spring  into  the  main  well. 


Microscopical  Examination, 


No  orgBDisme. 


Water  Supply  op  Onset  Bat  Fire  District,  Wareham. — Onset 

Water  Company. 

The  works  are  owned  by  the  Onset  Water  Company,  and  water 
was  introduced  July  27, 1894.  The  source  of  supply  is  Sturtevant*s 
also  known  as  Jonathan's  Pond,  located  in  the  westerly  part  of  the 
town.  It  is  said  to  have  an  area  of  about  16  acres  and  a  maximum 
depth  of  about  25  feet.  On  account  of  the  sandy  character  of  the 
territory  in  which  the  pond  is  situated  the  limits  of  the  drainage 
area  are  not  well  defined.  Water  is  pumped  to  the  distributing 
system,  in  connection  with  which  there  is  an  iron  tank  20  feet  in 
diameter  and  40  feet  in  height,  supported  on  a  wooden  trestle  60 
feet  in  height.  Distributing  mains  are  of  cast  iron,  service  pipes  of 
galvanized  iron. 

The  advice  of  the  State  Board  of  Health  to  the  Onset  Water  Com- 
pany, with  reference  to  the  use  of  Sturtevant*s  or  Jonathan's  Pond  as 
a  source  of  water  supply,  may  be  found  on  page  42  of  this  volume. 
Analyses  of  samples  of  water  from  the  pond  and  from  a  faucet  sup- 
plied from  the  pond  follow. 
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WABEHAM. 

Chemical  Examinaiion  of  WaUrJrom  Jonathan's  Pond,  Warehaim. 

[Part!  par  100.000.] 


to 


8 


12288 
18876 
18M0 


Av. 


18M. 

lCa7  28 

Noy.26 
Dae.  81 


ArrSABAVOB. 


Nona. 
V.  alight. 
Nona. 


V.  slight. 
V.  alight. 
V.illght. 


0.08 
0.06 
0.02 


0.08 


BsaiDux  CM 
Etapoba- 

TIOV. 

1 

• 

r 

2.86 

0.00 

2.10 

0.40 

1.96 

0.66 

2.10 

0.02 

AMMOnA. 


I 


Albnminoid. 


1 


•8 


CO 


.0000 
.0004 

.0004 

.0008 


.0002 
.0088 
.0188 


.0104 


.0082 
.0074 
.0120 


.0002 


.0010 
.0014 
.0012 


.0012 


.80 


.70 


.06 


NmoOBir 


I 

to 


to 


I 
I 

M 

o 


.0000 
.0000 

.0000 


.0000 


.0000 

t 

.0000) 

.0000 


.1002 
.1062 
.1108 


.0000 

I 


.1182 


o.o 

0.2 
0.8 


0.2 


Odor  of  tha  ilrat  aampla»  nona;  of  tha  aaaond,  diatinotly  moaty;  of  tha  laat,  faintly  yagatabla. 
No.  18876  waa  oollaetad  from  a  fanoat  abonta  mila  from  tha  pond,  and  tha  othara  from  tha  pond. 

Microscopical  Examinaiion  of  Water  from  Jonathan's  Pond,  Wareham. 

[Nnmbar  of  organiami  par  enbia  oantlmatar.] 


Day  of  axamlnatlon, 

Nnmbar  of  aampla, .       .       .       • 

PLANTS. 
Dlatomaoen,  Taballarla, 

AlircBi 

DiotyoapluBrinm, 
Protococeni,      .       .       .       . 

Funfirl,  Cranothrix, 

ANIMALS. 
Infusoria,  Paridininm, 

HUctUaneoitit  ZoSglcsa, 

Total, 


Jane. 


Norambar. 


20 
12288 


27 
18876 


68 

0 
82 


0 
0 


66 


64 


66 


IMS. 


Janoaiy. 


2 
18660 


3 
0 


2 


Water   Supply  op  Watbrtown   and  Belmont.  —  Watertown 

Water  Supply  Company, 

The  advice  of  the  State  Board  of  Health  to  the  Watertown  Water 
Supply  Company,  relative  to  certain  proposed  plans  for  filtering  the 
public  water  supply  of  these  towns,  may  be  found  on  pages  42-44  of 
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WATEBTOWN  AND  BlCIiMONT. 

this  Yolame.  A  statement  with  regard  to  investigations  made  in 
connection  with  this  application  may  be  found  on  page  311  of  the 
annual  report  of  the  Board  for  1893,  and  analyses  of  samples  of 
water  collected  in  connection  with  the  investigations  may  be  found 
on  pages  314  and  315  of  the  same  report. 


Chemical  Examination  of  Water  from  a  Faucet  in  the  Pumping  Station  of  the 

WeUertown  Water  Supply  Company, 

[Pwrti  per  100,000.] 


a 

9 


11507 
11706 

usn 

13012 


1S870 
18S21 
12703 
12M6 
131S5 


18506 


a 
o 
a 

S 

a 

^5 


At. 


18M. 

Jan.      3 

Feb.  18 

Mar.  7 

Apr.  0 

May  16 

June  18 

July  11 

Aug.  18 

Sept.  17 

Oct.  15 

Not.  10 

Dee.  17 


ArrmAMAiKcm, 


I 

00 


None. 
None. 
None. 
None. 
V.  slight. 

Distinct, 

milky. 
Distinct, 

milkT. 
Decided, 

milky. 
Slight. 

milky. 
Slight, 

milky. 
Slight. 

None. 


V.flUght. 
None. 
None. 
V.  aught. 
SUght. 

Cons., 

msty. 
Slight, 

rasty. 
Cons., 

rnsty. 
Cons., 

msty. 
BUght. 

Oons., 

msty. 
V.  slight. 


M 


0.04 
0.02 
0.02 
0.02 
0.12 
0.20 
0.08 
0.20 
0.85 
0.18 
0.06 
0.02 


I 

r 


AMMOnA. 


0.11 


8.80 
8.00 
6.06 
7.85 
9.60 
8.00 
8.60 
0.70 


s 

7 

t 

|a 

£ 

•^ 

.0028 
.0024 
.0012 
.0008 
.0006 
.0002 
.0066 
.0118 


8.50  .0154 


8.10 

10.50 

0.70 


8.82 


.0002 
.0056 
.0014 


1.0084 
.0086 
.0058 

.0058 
.0056 
.0080 
.0066 
.0062  < 

.0076 

I 

1.0056  \ 

I     ! 

.0052  ; 

.0020 


.0048  .0054 


.66 
.64 
.52 
.60 
.52 
.62 
•71 
.80 
.02 
.80 
.85 
.67 


.70 


NITBOOBV 


I 


s 


.0700 
.0680 
.0000 
.0600 

.0400 
.0600 
.0880 
.0250 
.0280 
.0400 
.0580 
.0880 


.0000 

.0000  ' 
.0006  I 
.0000 
.0000 

.0001 
.0008 

.0001 
.0000 
.0001 
.0001 
.0000 


.0542 


.0001 


1 


Si 


I 

a 

•B 

a 


.1053 

3.6 

.0060 

8.6 

.1464 

8.0 

.1060 

8.1 

.1248 

8.2 

.1270 

4.0 

.1578 

8.8 

.1468 

4.0 

.1771 

4.2 

.1051 

4.8 

.1365 

4.0 

.0885 

4.8 

8.8 

.1224 

.0180 
.0220 
.0175 
.0115 
.0500 
.0785 
.0060 
.0060 
.0760 
.0470 
.0020 
.0180 

.0516 


Averages  by  Tears. 


1887* 

1 
1 

- 

.00 

1888 

- 

- 

.00 

188»t 

- 

- 

.00 

isoot 

- 

- 

.00 

1802§ 

- 

- 

.07 

1808 

- 

- 

.19 

1804 

- 

- 

.11 

.0900 

- 

- 

- 

.0647 

.0000 

- 

- 

.0642 

.0000 

- 

- 

.0450 

.0000 

- 

8.0 

.0870 

.0001 

- 

4.0 

.0489 

.0001 

.1275 

3.5 

.0542 

.0001 

.1224 

3.8 

.0806 


*  Jnne  to  December.         t  Jsnnary  to  May.        %  Aagnst.         f  September  to  December. 

Non  to  analyses  of  1804:  Odor,  generally  none;  in  Jnly,  faintly  monldy,  and  In  Aagnst  and  Sep. 

tember,  distineUy  Tegetable  and  mouldy. The  samples  were  collected  from  a  faucet  at  the  pumping 

station. 
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Microscopical  Examination  of  Water  from  a  Faucet  in  the  Pumping  Station  of 

the  Watertoum  Water  Supply  Company. 

[Number  of  organisms  per  cubic  centimeter.] 


1S94. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Joly. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

Day  of  examination, 
Number  of  sample* . 

5 
11597 

15 

11766 

IS 
11871 

11 
12012 

10 
12238 

14 
12370 

12 
12521 

16 
12753 

20 
12986 

17 
13135 

22 

18848 

20 
18606 

PLANTS. 
FunfiTl 

Cladothriz, 
CrenothrlXi 

M 

0 
24 

0 

0 
0 

0 
2 

14 

0 
14 

860 

0 
860 

1,820 

0 
1,320 

1,860 

20 
1,840 

872 

0 
872 

148 

0 
148 

26 

0 
26 

268 

0 
268 

152 
o 

162 

MUcellaneout,  ZoSglcM, 

0 

0 

0 

0 

142 

280 

0 

212 

204 

280 

141 

'     » 

Total, 

24 

0 

2 

14 

502 

1,600 

1,860 

584 

352 

806 

412 

152 

ChemicaX  Examination  of  Water  from  a  Faucet  in  Watertoum^  supplied  from  the 

Works  of  the  Watertoum  Water  Supply  Company, 

[Parts  per  100,000.] 


Date  of 

Collection. 

Appka*anob. 

Realdae  on 
Evaporation. 

AmcoitiA. 

6 

NITBOOBK 

Aa 

Oxygen 

Consumed. 

• 

3 

e 

1 

• 

1 

1         H 

1 

• 

1 

a 

1 

•6 

1 

3 

i 

11642 
11727 
11896 
12076 
12236 
12894 
12577 
12658 
12964 
18102 
18282 
18441 

1S94. 

Jan.     16 

Feb.      7 
Mar.    14 
Apr.    19 
May     15 
June    19 
July     18 
Aug.      8 
Sept.    17 
Oct.       8 
Not.     7 
Dee.      5 

None. 
None. 
None. 
None. 
None. 

DUUnct, 

milky. 
Distinct, 

milky. 
Distinct, 

milky. 
SUght, 

milky. 
None. 

V.  slight. 

None. 

V.  slight. 

None. 

None. 

None. 

None. 

None. 

Slight. 

Slight, 

rusty. 
None. 

None. 

None. 

V.  slight. 

0.05 
0.02 
0.02 
0.08 
0.45 
0.10 
0.20 
0.10 
0.12 
0.05 
0.04 
0.10 

1 

9.70 

9.00 

8.20 

8.90 

8.20 

8.85 

9.50 

9.20 

10.00 

10.60 

9.60 

10.20 

.0000 
.0002 
.0006 
.0002 
.0000 
.0000 
.0002 
.0000 
.0002 
.0000 
.0000 
.0000 

.0032 

.0046 

.0072 

.0082  1 

.0084 

.0026 

.0044 

.0046 

.0038 

.0046 

.0058 

.0036 

.66 
.64 
.52 
.60 
.57 
.60 
.72 
.70 
.90 
.90 
.87 
.80 

.0700 
.0800 
.1100 
.0700 
.0480 
.0850 
.0300 
.0090 
.0300 
.0180 
.0250 
.0630 

.0000 
.0000 
.0000 
.0000 
.0000 
.0001 
.0001 
.0000 
.0000 
.0001 
.0000 
.0000 

.0604 
.0060 
.1080 
.0008 
.0908 
.1024 
.1617 
.0847 
.1309 
.0608 
.0885 
.0785 

5.9 
4.2 
4.8 
3.9 
3.8 
3.9 
4.8 
4.6 
4.9 
5.3 
5.0 
6.4 

4.6 
3.7 

.0110 
.0100 
.0100 
.0100 
.0100 
.0170 
.0300 
.0890 
.0200 
.0100 
.0190 
.0260 

At. 

1804. 
1893. 

O.ll 
0.09 

9.82 
8.06 

.0601 
.0012 

.0042 
.0062 

.71 
.61 

.0400 
.0426 

.0000 
.0001 

.0976 
.1822 

.0177 

At. 

.0165 

Odor, generally  none;  in  July  and  Auguat,  faintly  Tegetable,  and  in  October,  faintly  nnpleaaant.- 
The  samples  were  collected  from  a  faucet  in  a  house  in  the  easterly  part  of  Watertown. 
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Microscopical  Examination  of  Water  from  a  Faucet  in  Watertown^  supplied  from 

the  Works  of  the  Watertown  Water  Supply  Company, 

[Number  of  organUms  per  cabio  MDtlmeter.] 


18M. 

Jan. 

Fttb. 

Mar. 

Apr. 

May.  Jan«.  Jnly.iAaf.  Sept. 

1         .         i 

Oct. 

Not. 

Deo. 

Day  of  ezamlnAtlon,    .... 
Number  of  Munple,      .... 

1 
18        8       16 

1 

11042  11727  11806 

1 

24 

12070 

4 

10 
12236 

24 

22       19        4 

12804 12677  12668 

1 

18 
12064 

pr. 

1 

10       10        7 

1          1 

131021828218441 

PLANTS. 
Funfirif  Crenothrix,  .... 

0 

0 

0 

6 

44 

8 

8 

0 

8 

ANIICALB. 
InAifioiia,  PerldiDinm,  . 

0 

0 

0 

0 

0 

pr. 

0 

fO 

0 

8 

0 

0 

Miscellaneous,  Ztyiglaeakt     . 

0 

0        0 

0 

24 

82 

8    180 

1 

4 

1 

0 

0 

TOTAI., 

0 

0 

0 

4 

48 

88 

44 

288 

4 

3 

0 

0 

Chemical  Examination  of  Water  from  a  Faucet  in  Belmonty  supplied  from  the 

Works  of  the  Watertown  Water  Supply  Company. 


[Parts  per  100,000.] 

0 

AfTBAVAVCB. 

1 
1 

■ 

1' 

i    Ammovia. 

i 

NiTsoasv 

AS 

i 

B 

a 

O 

• 

1 

B3 

i 

a 

s 

! 

1 

S 

a 

1 

• 

1 

1 

J 

5 

1 

• 

S 

• 

18M. 

I 

12171 

May      7 

Decided, 

Oons., 

0.06 

7.60 

.0066 

.0084 

.61 

.0000 

.0001 

1.1182 

8.4 

.6000 

rusty.  I      rusty. 

• 

Odor,  diatlnetly  mouldy.— —Tbe  sample  was  collected  from  a  faneet  In  Belmont,  4  miles  from 
the  pumping  station,  and  on  1  mile  of  dead  end. 


Microscopical  Examination, 


No  organlame. 
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WAYIiAND. 


Water  Supply  of  Wayland. 


Chemical  JExamincUion  of  Water  from  the  FiUer-gaUery  of  the  Wayland  Water 

Works, 


[ParU  pel 

•  100,000.] 

Date  of 

CoDection. 

Appbaiavcx. 

• 

e  S 

©  2 

AmfonA. 

, 

MXTBOAXM 

▲a 

1 

1 

n 

• 

• 

«i 

1 

■ 

! 

Albn- 
mlnoM. 

• 

1 

• 

I 

• 

18M. 

11804 

Feb.    21 

'  Diatinot. 

Oona., 
flbrons. 

0.30 

4.00 

.0076 

.0078 

.43 

.0400 

.0000 

.2760 

1.8 

.oeoo 

12289 

May    17 

Deolded, 

Com., 

0.40 

4.40 

.0080 

.0002 

.26 

.0030 

.0000 

.3316 

1.8 

.1400 

12808 

Aug.    22 

DedleS.' 

rusty, 
y.heavy, 

ruaty. 

0.20 

5.00 

.0102 

.0138 

.30 

.0020 

.0001 

.2772 

1.7 

.4800 

1S871 

Not.   22 

DiatlBCt 

00D8., 

0.80 

4.46 

.0142 

.0296 

.37 

.0210 

.0000 

.3388 

2.1    .0680 

flbrona. 

■ 

1.7 

Av. 

0.30 

4.84 

.0122 

.0151 

.84 

.0166 

.0000 

.8046 

.1770 

Odor  of  the  firat  sample,  distinctly  vegetable;  of  the  others,  none,  becoming  vegetable,  and  in  May 

and  November,  also  unpleasant  on  heating. The  ilrst  three  samples  were  collected  from  a  faucet  In 

the  gate-house ;  the  last  aample  was  collected  from  the  filter-gallery. 


Microscopical  Examination  of  Wal&rfrom  the  Filler-gallery  of  the  Wayland  Water 

Works. 


[Number  of  organisms  per  cubic  centimeter.] 

1894. 

February. 

May. 

August 

November. 

Day  of  examination 

Number  of  sample, 

26 
11804 

10 
12280 

28 
12808 

23 
13871 

PLANTS. 
Diatomaceed,  Meiosira, 

Funirit  Crenothrix, 

0 
10,800 

86 

12,400 

0 
132,000 

0 
18,400 

ANIMALS. 
Infusoria 

Dinobryon  cases, 

Monaa,       . 

0 

0 
0 

2 

1 
1 

0 

0 
0 

50 

0 
60 

TOTJO., 

10,800 

12,468 

132,000 

18,450 
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WXBSTEB. 


Water  Supply  of  Webster. 


(^enUeal  ExamituUian  of  Water  from  the  Well  of  the  Webster  WaUr  Works. 

[Parii  per  100»000.] 


a 

Appbasaxci. 

• 

1" 

AMKOiriA. 

• 

i 

KmooBir 

AM 

ll 

1 

1 

a 

as 

1 

1 

^e 

1 

} 

• 

s 

1 

iim 

Feb.    16 

None. 

V.iUght. 

0.00 

8.26 

.0002 

.0008 

.22 

.0000 

.0000 

.0060 

.0020 

11905 

Mar. 

16 

Hone. 

V.sllght. 

0.00 

8.16 

.0006 

.0010 

.20 

.0280 

.0000 

.0216 

.0000 

120« 

Apr. 

17 

None. 

None. 

0.00 

8.86 

.0000 

.0008 

.21 

.0220 

.0000 

.0078 

.0000 

12248 

May 

19 

None. 

V.eUght. 

0.00 

3.80 

.0000 

.0000 

.10 

.0200 

.0000 

.0812 

.0000 

12387 

Jnne 

18 

None. 

None. 

0.00 

8.40 

.0000 

.0000 

.21 

.0660 

.0000 

.0216 

.0060 

12SM 

Jal7 

10 

None. 

V.elight. 

0.08 

8.60 

.0000 

.0000 

.24 

.0200 

.0000 

.0000 

.0060 

liTBS 

Aug. 

18 

None. 

None. 

0.02 

8.80 

.0000 

.0000 

1 

.20 

.0200 

.0000 

.0000 

.0100 

12B8Q 

Sept. 

18 

None. 

None. 

0.02 

8.60 

.0000 

.0006 

.21 

.0280 

.0000 

.0088 

.0000 

18173 

Oct. 

18 

None. 

None. 

0.02 

4.00 

.0000 

.0014 

.24 

.0660 

.0000 

.0197 

.0010 

13S85 

Not. 

19 

None. 

V.illgbt. 

0.00 

8.70 

.0000 

.0010 

.22 

.0200 

.0000 

.0000 

.0070 

13560 

Dee. 

20 

None. 

None. 

0.00 

3.80 

.0000 

.0004 

.20 

.0180 

.0000 

.0000 

.0060 

Ay. 

0.01 

3.48 

.0001 

.0006 

.21 

.0282 

.0000 

.0106 

.0082 

1 

Odor  In  March  and  May,  vegetable ;  at  other  timet,  none.  •^— The  aamplee  were  collected  from  a 
faneet  at  the  pnmplng  station. 

Microscopical  Examination. 

No  organlame. 

Water  Supply  op  Wellesley. 

Chemical  Examination  of  Water  from  the  Fitter-gallery  of  the  Wellesley  Water 

Works. 

[Parte  per  100,000.] 


of 

CoUoctlon. 

§     1     AMMOmA. 

UlTBOOBV 

• 

§1 
III 

i 

^« 

a 

s 

a 

r 

• 

1 

• 

•.J 

.. 

1 

• 

^ 

1 

H 

1 

1 

r 

i 

-< 

e 

& 

« 

18M. 

1 

1 

12427 

June    25 

None. 

V.Bltght. 

0.06 

5.80 

.0016    .0024 

1            1 

.49 

.0880 

.0000 

.0462 

2.6    .0020 

13103 

Oct.     24, 

None. 

None. 

0.01 

,  7.40 

1 

;.0000   .0022 

.64 

1 

.0600 

.0000 

.0276 

3.2  ^.0040 

Odor,  none. The  samples  were  collected  from  the  fllter-gallery. 


No  organisms. 


Microscopical  Examination, 
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Chemical  Examination  of  Water  from  the  Well  of  the  WeUealey  Waler  Works. 

[T%xU  per  100,000.] 


Date  of 

Collection. 

Appbaxavos. 

• 

4 

1" 

AXMOXIA. 

Chlorine. 

Kimo«ui 

■ 

1 

1 

1 

i 

a 
« 

a 

0 

• 

1 

1 

1 

Albn- 
minold. 

• 

i 

s 

1S94. 

1 

r 

12426 

June   25 

None. 

V.  flight. 

0.08 

5.70 

.0000 

.0028 

.60 

1 

.0480 

.0000 

.0581 

2.8 

.0010 

18102 

Oct.    24 

None. 

None. 

0.08 

6.50 

.0000 

.0086 

.78 

.0600 

.0000 

'.0803 

1 

2.0 

.0020 

Odor,  none. The  eamplee  were  collected  from  the  well  at  Williams  Spring. 


No  organisms. 


Mioroscopical  Examination. 


Water  Supply  of  Westborough. 

Chemical  Examination  of  Water  from  the  Upper  Sandra  Reservoir^ 

Westborough. 

[Parts  per  100,000.] 


• 

0 

1 

0 

Appbaeanob. 

Rbsiddb  dm 

EVAPOBA.- 

Tiosr. 

Ammonia. 

i 

.24 
.18 
.20 
.22 
.21 
.28 

.21 

NmtooBK 

AS 

• 

1 

0 

1 

0 

1 

o 

1 

1 

1 

8.20 
2.25 
!  2.15 
i  8.75 
4.55 
4.00 

• 

1 

f 

• 

! 

fen 

Albuminoid. 

s 

• 

1 

1 

• 

► 

0 

sl 

no"* 

i 

33 

11682 
11891 
12230 
12568 
12057 
18311 

ISM.  1 
Jan.  15 

Mar.  14 

May  16 

July  17 

Sept.ll 

Nov.  14 

1 

Decided. 
DUtiact. 
Slight. 

Decided, 
green. 

Decided, 
green. 

Distinct, 
green. 

Cons., 

green. 
Slight. 

Heavy, 

fibrous. 
Slight, 

green. 
Cons , 

green. 
Cons., 

green. 

0.50 
0.80 
0.48 
0.45 
0.40 
0.28 

0.39 

1.50 
0.90  \ 
1.15 
1.70 
2.00  j 
2.20  I 

.0036 
.0810 
.0010 
.0000 
.0010 
.0000 

.0061 

.0328 
.0190 
.0288 
.0896 
.0772 
.0830 

.0884 

.0208 
.0146 
.0160 
.0186 
.0826 
.0176 

.0200 

.0120 
.0044 
.0128 
.0210 
.0446 
.0154 

.0184 

.0050 
.0070 
.0000 
.0000 

.0020 

.0000 

1 

1 

1 

.0000 
.0000 

1 

.0001 

0000 

.0000 

.0000 

1 

.5460 
.8400 
.4173 
.4n4 
.4081 
.6896 

0.5 
0.0 
0.2 
0.3 
1.1 
0.8 

Av. 

8.82 

1.57 

.0O23'-O0OO 

.4714 

0.4 

1 

, 

1 

Odor  of  No.  11682,  decidedly  oily;  of  No.  11891,  distinctly  vegetable  and  faintly  oily;  of  No.  12280, 
distinctly  vegetable,  becoming  oily  on  heating;  of  No.  12957,  disagreeable;  of  the  remaining  samples, 
vegetable.-^ The  samples  were  collected  from  the  npper  reservoir. 
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TTESTBOBOUGH. 

Microscopical  Examination  of  Waier  from  the  Upper  Sandra  Beservoir^  West- 

borough, 

[Nnmbw  of  orguilMns  per  enUe  oentlmeUr.] 


Jan. 


Mareh. 


May. 


Jnly. 


Sept. 


Nov. 


Day  of  oxamliiAlloa, 
Nnraber  of  aamplo,  •  . 

PLANTS. 
Dlatomacen,     . 

Arterionella,  •  • 

ICeloslra,     .  .  .  . 

Synedra,      .  .  •  • 

'HibeUarla,  .  .  .  . 

Cyanophyoeas*  . 

/\  nifh**?}^,  •  •  •  ■ 
Ghrodooeeiia,  .  .  • 
Clathroeystla,     . 

Alg», 

Arthrodeomaa,  . 

Ghlorooooona,  .  .  . 
Polyediinm, 

Protococeaa,  • 

Soenedeomiia,  • 

AKIICALS. 
Rhizopoda.  AotlDophiya,  . 

InftiBorta.     .      .      .      . 

CenUiim,    .       •       •       • 

Cblamydomooaa,       •       • 

Cryptomonaa,     . 

DliiobryoD, .... 

DlnobrTon  caaw, 

GhlanodlDlam, 

MaUomooaa, 

Monaa,         •       •       .       • 

Peiidloinm, 

Tnebalomoaaa, . 

Uroglaiut,    .       .       •       • 

Vermes,       .... 

Asuna.       .... 

PolyarUm,. 

Bottfer,       .... 

Mi§ceUantau$,  ZoSgkaa,  • 

Total,       .      .       .       . 


16 
116B8 


16 
llMl 


IT 

1S280 


18 
12068 


16 
12967 


0 

t 

618 

t 

0 

0 

4 

0 

0 

0 

4 

0 

6 

2 

60O 

2 

0 

0 

16 

0 

0 

6 

16 

m 

0 

0 

10 

260 

0 

0 

0 

20 

0 

0 

0 

44 

0 

0 

17 

f,m 

6 

0 

S 

0 

0 

0 

0 

812 

0 

0 

0 

1,620 

0 

0 

6 

0 

0 

6 

6 

2 

0 
0 
0 

0 


16| 


0,800 

0 

20O 


6,166 

0 

0 

0,000 

0 

160 


16 
18SU 


0 
0 

4 
0 


8,60« 

8,000 
0 

4 


4^062 

0 

0 

4,000 

0 

2 


6 

6 

1 

6 

168 

82 

16 

8 

0 

0 

6 

0 

6 

0 

1 

0 

6 

21 

1 

0 

100 

20 

0 

0 

0 

8 

4 

0 

8 

2 

0 

0 

0 

0 

8 

0 

0 

0 

1 

4 

0 

11 

1 

2 

6 

0 

0 

2 

TO 

6 

4 

0 

8 

6 

6 

6 

1 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

76 

6 

82 

6 

186 


0 
0 
0 
0 
0 
0 
0 
200 
0 
0 
0 


0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 


0 
0 
0 


207 


64 


708 


2,688 


10,860 


TA>U 
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WBSTBOBOUGH. 

Ohemical  ExaminaHon  oj  Water  from  the  Lower  Sandra  Beservoir^  WeMoraugh. 

[Parts  per  100,000.] 


• 

Q 

ArrKAMAMom. 

RBsn>nB  OS 

EVAPOBA- 
TIOV. 

e 
.20 

NrraooBW 

Ae 

a 

a 

m 

1 

6 

i 

1 

i 

• 

1- 

1 

Albaailnoid. 

• 

s 

1 

1 

a 

t 

*l 

• 

1 

11683 

18M. 

Jan.  15 

DUtlnet. 

Oons. 

0.06 

8.80 

0.86 

.0002 

.0128 

.0080 

.0048 

.0000 

.0000 

.0008 

1.4 

11802 

lC*r.l4 

Dtotinot. 

Oou. 

0.08 

2.26 

0.80 

.002ol 

.0142 

.0100 

.0042 

.18 

.0060 

.0001 

.3640  0.8 

12281 

Mayie 

SUght. 

'%».. 

0.06 

2.86 

0.86 

.0004 

.0164 

.0102 

.0062 

.21 

.0000 

.0000 

.2870  0.6 

12500 

July  17 

V.aUght. 

y.eUght. 

0.06 

8.76 

1.80 

.0002 

.0108 

.0092 

.0016 

.26 

.0030 

.0000 

.1625  0.8 

12958 

8ept.ll 

Slight. 

Slight. 

0.10 

4.65 

2.15 

.0004  .0128 

.0116 

.0012 

.22 

.0000 

.0000 

.1640  1.8 

18812 

Nov.  14 

V.eUght. 

Slight. 

0.08 
0.07 

2.60 

0.60 
1.16 

.0024 
.0000 

.0086 
.0126 

.0060 
.0002 

.0026 
.0064 

.24 
.22 

.0080 
.0018 

.0000 
.0000 

.1209  0.9 

Av. 

3.15 

.18081  0.0 

Odor,  generally  vegetable;  In  January  and  March,  oily.    An  oily  odor  was  developed  in  the  May 
sample  on  heating. «—  The  samples  were  eoUeeted  from  the  lower  reservoir. 


Microscopical  Examination  of  Water  from  the  Lower  Sandra  Reservoir,  West- 
borough, 

[Number  of  organisms  per  eabto  centimeter.] 


PLANTS. 
Diatomacees,    .... 

Asterlonella,       .... 

Diatoma, 

Melosira, 

Synedra, 

Tabellarla, 

Oyanophycen,  Ohrobeocens, . 

Algeo 

Protoooocns 

Baphidlnm,        .... 

Fungrlt  Crenothrix, 


1S94. 

Jan. 

Mar. 

May. 

Jnly. 

Sept. 

Not. 

Day  of  examination,        .... 
Number  of  sample 

16 
11688 

16 
11892 

17 

12231 

18 
12669 

16 
12968 

16 
18312 

0 

1 

n 

0 

8 

0 

0 

7 

0 

0 

0 

0 

12 

0 

0 

0 

0 

0 

0 

8 

0 

0 

8 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

5 

0 

t 

2 

0 

4 

0 

0 

0 

0 

4 

0 

2 

2 

0 

0 

0 

0 

0 

0 

4 

4 

0 
0 
0 
0 
2 


0 
0 
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WESTBOBOTTGH. 

Microscopical  Examination  of  Water  Jrwn  ike  Lower  Sandra  Reservoir^  West' 

borough  —  Concladed. 

[Namber  of  orguiiaiiu  per  onbte  MDtlmeUr.] 


1M4. 


Jan. 


Mar. 


MV. 


July. 


8q»t. 


KOT. 


ANIMALS. 


InAisorla> 


Ceruioni,    . 

Cryptomonaa, 

Bmobryon, 

IMnobrroo  caaea, 

Olenodiniam, 

Monaa, 

Perldlniain, 

Synnra. 

Tmohelomonaa, . 

Uroglana,     . 

Vortieella,  . 


Vermes,  Anaraa, 


MUotUaneouM,  Zooglcea,  . 


167 

Ml 

15 

6 

t1 

0 

0 

1 

0 

0 

1 

72 

0 

0 

0 

40 

4eo 

1 

0 

0 

eo 

68 

10 

0 

9 

40 

0 

0 

0 

0 

pr. 

2 

0 

0 

0 

0 

28 

2 

6 

U 

0 

1 

0 

0 

0 

0 

8 

0 

0 

0 

20 

7 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

n 


8« 


16 

0 
0 
0 
0 
0 
0 
16 
0 
0 
0 
0 


Total, 


174 


046 


87 


01 


112 


18 


Water    Supply    of    Westboeough   Insane    Hospital,    Wbst- 

BOROUOH. 

The  water  of  the  tubular  wells  from  which  the  main  supply  of  the 
hospital  is  derived  has  been  characterized  since  the  examinations  of 
the  State  Board  of  Health  were  begun  by  a  high  free  ammonia, 
which  has  increased  with  considerable  regularity  from  year  to  year. 
In  the  year  1894  the  increase  has  been  much  more  marked  than  in 
previous  years,  and  the  amount  of  iron  is  much  greater  than  in  the 
previous  year.  The  iron  in  the  water  oxidizes  on  exposure  to  the 
air  and  precipitates,  giving  the  water  first  a  milky  turbidity  and 
then  causing  a  rusty  sediment  to  deposit. 

The  advice  of  the  State  Board  of  Health  to  the  superintendent 
of  the  Westborough  Insane  Hospital,  in  reply  to  an  inquiry  as  to 
whether  the  water  of  Chauncy  Pond  would  be  suitable  for  drinking 
and  domestic  purposes  if  filtered,  may  be  found  on  page  44  of  this 
volume. 
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WESTBOBOITQH. 

Chemical  Examination  of  Water  Jrom  the  Tubular  Wells  at  the  Westborough 

Insane  Hospilal, 

[Part*  per  100,000.] 


Date  of 

Oollectlon. 

Appbakakob. 

• 

1^ 

1 

AmfoniA.   1 

1 

4 

NlTBOOBN 

• 

5 

i 

• 

0 

^ 

2 
H 

«i 

1 

.1 

J 

< 

• 

i 
s 

• 

11702 
12220 
12700 
18808 

1894. 

Feb.    20 

May    16 
Aug.   20 
Not.   13 

DUtinct, 

milky. 
Distinct, 

milky. 
Diatlnot, 

milky. 
Distinct, 

mUky. 

None. 

None. 

Slight, 

rusty. 
Slight, 
flbroai. 

0.66 
0.46 
0.80 
0.16 

11.60 
11.10 
11.60 
12.80 

.1002 
.0606 
.1056 
.1800 

.0074 
.0054 
.0182 
.0070 

.87 
.40 
.40 
.81 

.0080 
.0000 
.0000 
.0000 

.0000 
.0000 
.0000 
.0000 

.1440 
.1181 
.1617 
.1677 

.1466 

6.1 
6.6 
6.6 
7.0 

.1660 
.1600 
.1600 
.2100 

Av. 

1 
0.80 

11.78 

.1188 

.0082 

.87 

.0007 

.0000 

6.1 

.1687 

Averages  by  Years. 


mk 

1887* 

-> 

- 

0.08 

i 
11.20 

.0407 

.0088 

.42 

.0080 

- 

- 

t 

- 

- 

1888 

- 

- 

0.06 

11.27 

.0602 

.0061 

.42 

.0046 

.0000 

- 

- 

- 

- 

188et 

mk 

- 

O.IA 

11.41 

.0680 

.0040 

.48 

.0080 

.0000 

- 

- 

- 

- 

1801^ 

- 

- 

0.60 

11.80 

.0784 

.0100 

.43 

.0040 

.0000 

- 

6.0 

- 

- 

1808§ 

■» 

- 

0.88 

11.00 

.0768 

.0066 

.40 

.0078 

.0001 

.1200 

6.8 

.0964 

- 

1804 

- 

- 

0.80 

11.75 

.1188 

.0082 

.87 

.0007 

.0000 

.1466 

6.1 

.1687 

*  Jane  to  December,    f  Juiaary  to  Kay.    %  Jnly,  (wo  samples.    {  January,  March,  May  and  July. 

NoTB  to  analyses  of  1804 :  Odor  of  the  first  sample,  none,  becoming  distinctly  vegetable  and  some- 
what unpleasant  on  heating;  of  the  second  sample,  very  disagreeable,  disappearing  on  heating;  of  the 

third  sample,  earthy,  disappearing  on  heating;  of  the  laat  sample,  distinctly  musty. The  samples 

were  oolleoted  from  a  faucet  at  the  pumping  station. 


Microscopical  Examination  of  Water  from  the  l^ibular  Wells  cU  the  Westborough 

Insane  Hospital, 

[Number  of  organisms  per  cubic  oentlmeter.] 


1894. 

Febmaiy. 

May. 

August. 

November. 

Day  of  examination, 

Number  of  sample, 

22 
11702 

17 
12220 

22 
12700 

16 
18808 

PLANTS. 
Fungrlt  Orenothriz, 

0 

40 

0 

112 

JiUceUaneout,  ZoUgloM, 

0 

0 

272 

0 

Total, 

0 

40 

272 

112 
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WBSTFIEIiD. 


Water  Supply  op  Westfield. 

Chemical  Examinalian  of  Water  from  the  Westfield  Water  Works. 


1 

1 

1 

Apfbaiavcb. 

Kkuddb  oil 

Eyapoba- 

noK. 

AXMOXIA. 

i 

MrraooBV 

AS 

1 

1 

1 

*i 

■ 

H 

r 

1 

Albuminoid. 

1 

• 

i 

1 

9i 

• 

*^ 

.1 

1 

1 

!  18M. 

1 
1 

12218   May  13 

iSUght. 

Blight. 

0.40 

2.65 

1.06 

.0012 

.0110 

.0000 

.0020 

.12 

.0060 

.0000 

.401T 

0.2 

12219  May  13 

DIstlnet. 

Cona. 

0.48 

2.46 

0.00. 

.0004 

.0U4 

.0090|.0018 

.10 

.0060 

.0000 

.4072 

0.8 

Odor,  faintly  Tegetabla,  becoming  atrongar  on  heating, 
dlatribatlng  leMirolr;  thelaat,  from  afancet  In  the  town. 


The  flrat  aample  waa  ooUected  from  the 


Microscopical  Examination. 

No.  12218.  Dlatomaoe»,  .^«faHon«tta,8;  JPpUAtmia,  t;  Ptnnularia,!;  Syn^dra,  4;  TabeUaHa,i. 
A]g»,  <Mo9teriumt  1.    Fungi,  Orenothrix,  8.    Miaoellaneoot,  Zodgkaa,  47.    Total,  70. 

No .  12210.  Diatomaeew,  Aiterionella,  48; XpUAemia, 28 ;  Cwnphctuma,  1 ;  Pinnularia,  1 ;  Sjffitdra, 
44;  Tabeliaria,  6.    Fungi,  Qrenothrtz,  86.    TouO,  164. 


Water  Supply  op  Horse  Neck  Beach,  Westport. 

The  adyice  of  the  State  Board  of  Health  to  Mr.  Thomas  B.  Tripp 
of  New  Bedford 9  relative  to  the  introduction  of  a  water  supply  at 
Horse  Neck  Beach,  a  summer  resoil  in  Westport,  may  be  found  on 
pages  44  and  45  of  this  volume.  Analyses  of  samples  of  water  col- 
lected in  connection  with  the  investigations  of  the  Board  are  given 
below. 

Chemical  Examination  of  Water  from  a  Tulmlar  Well  and  a  Spring^  Westport. 

[ParU  per  100,000.] 


i 

Afpsajujicb. 

1 

Axkokia. 

'    NiTBOGBK 

1            A* 

• 

1 

of 
Collect 

si 
1? 

1 

r 

1 

1 

• 

1 

^ 

1? 

.1 

1 

• 

a 

s 
as 

S 

1 

1 

1 

r 

1 

SB 

< 

i 

S 

1 

o 

1 

1 

1994. 

12077 

April  21 

Decided. 

Cona., 
•andy. 

0.02 

14.70 

.0012 

.0086 

2.61 

.8100 

.0001 

.0197 

4.2 

.0100 

12078 

April   21 

V.iHght. 

Cons., 
floe. 

0.00 

6.00 

.0000 

.0066 

1.74 

.0070 

.0000 

.0632 

1.4 

.0000 

Odor,  none.— —The  flret  sample  waa  eolleeted  from  a  tubular  well  200  feet  west  of  the  term-house 
on  the  Almy  Farm ;  and  the  last  sample  from  a  spring  near  the  base  of  a  hill  fr<Mn  600  to  800  feet  from 
the  well  from  whleh  the  flrst  sample  waa  eolleeted. 

Microscopical  Examination. 

No.  12077.    Oyanophyeea,  OicUlaHa,  6. 

No.  19078.  Dlatomaoen,  (MraUmeiM,^;  JBjpUhemia,  1;  mmanUdium,  426;  MuridioHt  8;  Jfavieuta, 
8;  OdUmUdUm,  2;  Bynsdra^  12;  TVids/toHa,  6.  Cyanophyces»,  OtciUaria,  8.  Vermes,  Anureat  1. 
Total,  460. 
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WEYMOUTH. 


Wateb  Supply  of  Weymouth, 

ChemiccU  Examination  of  Wdlerfrom  Cheat  Pond,  in  Weymouth, 

[PftrU  per  100,000.] 


11024 
12488 
18054 
18666 


At. 


ISM. 

Mar.  20 

Jane26 
Get.  1 
Dee.  26 


Appbabaxob. 


V.iUcht. 
Slight. 
V.  Blight. 
V.  slight. 


I 


Slight  1.00 
Cone.  0.80 
Slight.  |0.68 
V.  Blight.  0.70 


rssidub  ov 
Etapobjl- 

TIO». 


S& 


0.77 


3.06 
8.00 
8.70 
4.40 


8.00 


1^00 
1.26 
1.26 
2.00 


Akxoiiia. 


I 


Albuminoid. 


1.00 


.0000 
.0000 
.0000 
.0006 


.0008 


.0192 
.0160 
.0148 
.0176 


.0169 


.0180 
.0140 
.0180 
.0174 


.0166 


.0012 
.0020 
.0018 
.0002 


.0018 


.67 
.60 
.66 
.60 


.61 


NmooBv 

AS 


I 


I 


.0020 


.0001 


■ 

i 

0 

s 

I 

M 
O 


I 


.0000  .0000 


.0020 
.0020 


.0016 


.0000 


0.8 

.6376   1.1 


.4700 


0.6 


.00001.6980  0.0 

i 


.0000,'. 6706 


0.7 


Averages  by  Tears, 


1887* 

- 

- 

0.08 

4.08 

1.76 

.0007 

.0219 

- 

- 

1 
.47 

1888f 

- 

- 

0.88 

4.16 

1.94 

.0020 

.0226 

- 

- 

.48 

1889t 

- 

- 

1.40 

- 

- 

.0000 

.0280 

.0220 

.0010 

- 

1892 

- 

- 

0.94 

8.82 

1.86 

.0000 

.0178 

.0166 

.0017 

.61 

1898 

- 

- 

0.76 

8.86 

1.66 

.0003 

.0163 

.0189 

.0026 

.67 

1894 

- 

- 

0.77 

8.99 

1.60 

.0008 

.0169 

.0166 

.0018 

.61 

.0080 
,0074 
.0040 
.0077 
.0008 


.0000 
.0000 
.0000 
.0000  .6847 


0016  .0000 


.6708 


0.4 
0.6 
0.7 


*  Jane  to  December. 


t  January  to  If  ay. 


X  Jaiy. 


NoTB  to  analyses  of  1894 :  Odor  of  the  first  three  samples,  yegetable;  of  the  last,  none.  ■ 
and  last  samples  were  oolleeted  from  the  pond»  the  others  from  faacets  In  the  town. 


The  first 


MicroscopiccU  Examination  of  Water  from  Great  Pond,  in  Weymouth. 

[Number  of  organisms  per  onbtc  centimeter.] 


18M. 

Hardi. 

jDlj. 

October. 

December. 

Day  of  examination, ...... 

Nomber  of  sample, 

21 
11924 

2 
12488 

2 
18064 

28 
18666 

PLANTS. 
Dlatomace»,  Asterionella, 

0 
0 
0 

82 

4 
27 

0 

0 

M 

8 
0 
0 

jLijfflB,  C/nioroooecus,      •       .       •      •       . 
Fungrlt  Crenothrlz, 

No.  34.]     EXAMINATION  OF  WATEB  SUPPLIES.  347 

WEYMOUTH. 

Micro9cqpieal  Examination  of  Walerfnm  Qrtai  Pond^  in  Weymouth  ^  Ck>ncluded. 

[Kambttr  of  organisms  por  ovbio  oenttmotor.] 


18M. 

March. 

jmj. 

Oetobtf. 

I>aoambcr. 

ANIlCAIiS. 

Inftiaoiia, 

IMnobryon, 

Dinobrron  o—ea, 

FBrMlnlam, 

Tbittiuildliim, 

M 

12 
M 

0 
2 

1 

0 
0 

1 

0 

0 

0 
0 
0 
0 

0 

0 
0 
0 
0 

JflseeUoiMOfM,  ZoSglcBft, 

80 

48 

0 

0 

Total, 

M 

107 

34 

e 

Water  Supply  op  Winohendon. 

The  advice  of  the  State  Board  of  Health  to  the  water  committee 
of  the  town  of  Winchendon,  relative  to  introdacing  a  water  sup- 
ply into  the  town,  may  be  found  on  pages  45-53  of  this  volume. 
Analyses  of  samples  of  water  collected  during  the  investigations  of 
the  Board  are  given  below.  Analyses  of  samples  of  water  from 
Upper  Naukeag  Pond  may  be  found  on  page  77  of  this  volume. 

Chemical  Examination  of  Water  from  Beaman  Brook,  in  Winchendon, 

[Parts  par  100,000.] 


a 


a 
o 


a 

o 
S 


latm 


Apr.  24 


i 


y.aUght. 


SUght. 


i 

8 


1.50 


Bbsidub  ov 
Etapoma- 

TIOV. 


■ 

I 


8 


I 

I 


3.60 


2.26 


AXMOVIA. 


I 


.0008 


Albuminoid. 


1 


.0186  .0166 


t  a 


.0020 


4 

a 

■c 


.10 


IflTBOOKV 


I 


.0080 


I 

i 


.0000 


I 


I 

s 


1.174T 


i 


0.6 


Odor,  Tery  faintly  Tagatabla.^— The  aampla  waa  ooUeeted  from  tha  brook,  near  tha  Una  betwaan 
ICaaaaehnaetU  and  Naw  Hampahira. 


Microscopical  Examination. 

Dtetomaoe*,  Amphorot  8;  CtrtOaneU,  8;  Mnridhm,  8;  ITavieula,!;  Synedra,  8;  TabeUaria,  4,2. 
Alg«,  (hufgrva,  9;  Oo$marUtmt  1.   Total,  68. 
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WINCHCBNI>ON. 

ChemioaX  Examination  of  Water  from  Test  Wells  in  the  Prentice  Meadow, 

Winchendon. 

[Parts  per  100,000.] 


• 

ATPB^mAVOB. 

.1 

AXXOVIA. 

NlTBOOMH 
AS 

B 

IB 

1 

'zl 

1 

1 

• 

laeo 
rapo 

\ 

1 

•a 

.1 

i 

j 

i 

1^ 
1 

1 

1 

1 

i 

1 

< 

s 

1 

1 

1894. 

12188 

May     10 

None. 

V.aUght. 

0.01 

1.80 

.0000 

.0004 

.07 

.0000 

.0000 

.0461 

0.2 

.0000 

« 

18002 

Oct.       6 

None. 

Slight. 

0.00 

2.90 

.0000 

.0014 

.00 

.0000 

.0000 

.0213 

0.8 

.0020 

Odor,  none. Ths  first  sample  was  collected  from  test  well  No.  8  In  the  Prentioe  Meadow*  bor> 

derlng  Miller's  River,  a  little  more  than  a  mile  above  Winchendon  and  near  the  first  crossing  of  the 
Cheshire  Division  of  the  Fitehborg  Railroad  over  the  river.  The  last  sample  was  collected  from  a  well 
20  feet  in  depth,  dog  at  the  place  where  test  well  No.  8  was  located. 


Microscopical  Examination. 


No  organisms. 


Cfhemical  Examination  of  Water  from  MiUer^a  River^  above  Winchendon. 

[ParU  per  100,000.] 


a 
o 


I 

e 

I 


12187 


18»4. 

May  10 


Appsaxavos. 


I 


I 


Slight. 


Slight. 


i 


1.80 


Rbsidcb  ov 

EVAPOBA- 
TIOK. 


I 


0 

J 


I 


8.60 


2.10 


Ammonia. 


Albamlnold. 

9 

i 

^ 

► 

^ 

1 

1 

i1 

1^ 

.0008 


.0286 


.0216 


.0020 


p 
1 

6 


.14 


NiTBOOBH 
AS 


S 

I 


I 

s 


.0000 


.0000 


18 

a 


8 
I 

M 

o 


i 


1.8448 


0.8 


Odor,  distinctly  vegetable. The  sample  was  collected  from  Miller's  River,  about  two  miles  above 

Winchendon. 


MicroscopiccU  Examination, 

Diatomacen,  AaterioMUa,  8;   CocooneUt  2;  Pinnularia^  8;  Synedra^  2.    Alg»,  Clotterfvm,  1. 
Fangi,  Orenothri»t  1.   Infasoria,  M<ma$t  1.   Miscellaneoas,  ZodgUaa,  76.    Total,  04: 
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WINCHBSTEB. 


Water  Supplt  of  Winchester, 


Chemical  Examinalion  of  Water  from  the  North  Eeservoir  of  the  Winchester 

Water  Works. 

[Parte  p«r  100,000.] 


J 

B 

s 


a 


m 

i 


I 


1 

1894.  !;- 

llT30;Feb.l2'  Slight. 


V.tUgbt. 

BUght. 

DtetlDct, 

graen. 

Dbtlnet, 


iaU5.Apr.10 
12M7 .  Jim*  13 


mm 

12856 
UOSB 

use 

18426 


At. 


July  6 
Aug.  6 
8«pt.  4 
Oet.  2 
Not.  5 
Dee.  4 


SUgfafc, 

green. 
DieUnct, 

green. 
DlMlaet. 

SUglit. 


Slight. 
Slight. 
V.  slight. 
SUgfat. 
SHgfat, 


Slight, 

brown. 
Cone., 

brown. 
Sli^it. 

Cone. 


0.02^ 
0.06' 
0.08 
0.08 
0.06! 
0.18 

o.io' 

0.10 
0.18 


0.09 


Kksiddb  ov 

SVATOBA- 

nov. 


I 


i.OO 
6.70 
0.06 
6.80 
0.16 
e.l6 
0.10 
6.68 
0.S6 


6.86 


gi 


!- 


1.60 
2.06 
2.46 
1.80 
2.16 
1.76 
2.10 
1.46 
1.06 


1.80 


Ammovia. 


I 


Albuminoid. 


5* 


i 


.0034 
.0000 

.0018 
.0024 
.0000 

.0012 
.0010 
.0028 
.0080 


1.0017 


.0168.0120 
.0170  .0128 


.0216 
.0202 
.0210 
.0190 
.0242 
.OlM 
.0200 


.0106 


.0184 
.0188 
.0178 
.0188 
.0174 
.0168 
.0180 


.0180 


.0088 
.0042 
.0062 


I 

g 


.81 
.82 
.70 


0068|l.80 
.88 


.0082 


.0022< 
.0088 
.0086 

.0020 


,0088 


.82 
.88 

.87 
.91 


.82 


KmooBM 


.0070 
.0260 
.0180 
.0060 
.0000 
.0000 
.0000 
.0080 
.0120 


.0078 


.0000 
.0002 

.0008 


1 


M 
O 


i 


.2498 
.2280 
.2449 


.0001:1.2102 
,0000  .2648 


,0001 
0000 
,0001 
,0002 


.2887 
.8041 
.2602 
.2818 


.0001'  .2491 


1.9 
2.8 
2.6 
2.6 
2.8 
2.7 
2.8 
2.6 
2.8 

2.6 


Averages  by  Tears. 


- 

1887» 

1 

- 

.11 

6.08 

1.18 

.0016  .0198 

- 

- 

1 
1.68 

.0087 

- 

- 

• 

"  1 

1888 

- 

.  - 

.16 

4.98 

1.24 

.0046  .0278 

- 

- 

.47 

.0181 

.0008 

1 

- 

1 

■  1 

1889 

- 

- 

.13 

4.62 

1.18 

.0022  .0223 

.0178 

.0047 

.47 

.0106 

.0008 

- 

- 

1800 

- 

- 

.00 

6.80 

1.81 

.0017 

.0201 

.0180 

.0041 

.62 

1 

.0168 

.0002 

- 

2.7 

- 

1891 

- 

- 

.10 

4.04 

1.80 

.0064 

.0222 

.0189 

.0068 

.61 

.0162 

.0001 

- 

2.1 

- 

1892 

- 

- 

.08 

6.28 

1.69 

.0068 

.0217 

.0177 

.0040 

.to 

.0192 

.0002 

1 

1  " 

2.6 

- 

1898 

- 

- 

.07 

6.18 

1.82 

.0066.0282 

.0172 

.0080 

.N 

.0127 

.0002' 

1 

1.2718 

2.8 

1 

1894 

- 

.. 

.09 

6.86 

1.86 

.0017 

.0198 

.0180 

.0088 

.82 

1 

.0078 

.0001 

,.2491 

2.6 

*  Jnne  to  Deoember. 


Hon  to  annlyi 
ber.none. The 


of  1894 :  Odor,  generally  Tegetable,  ocoaetonnUy  monldy  or  nnpleaaant;  In  Deeem- 
plee  were  collected  from  the  reierrolr,  nboat  one  fbot  bene*th  the  rarfhce. 
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WIKCHB8TEB. 

Microscopical  Examination  of  Water  from  the  North  Beservoir  of  the  Winchester 

Water  Works, 

[Kmnber  of  org»niioi«  per  eabio  oentlmeter.] 


1894. 


F«b. 


Apr. 


Jon*. 


Jolj. 


Aug. 


Sept 


Oct 


Nor. 


Deo. 


Day  of  examinaUoD, 
Nomber  of  aample, 

PLANTS. 
DiatoznsceaB,    . 

Aaterionella, 

a^oloUlla, . 
elofltra,    .  • 

Btephaoodlaoaa, 
Synedra,    . 
Tabellarla, 

Oyanopbyoen, 

Anabasoa,  .       • 
Clathroeyetla,    . 
Oisloaphasrianii 
IClorocyetia, 

▲lff» 

Ohlorocoocos,    . 
Protocoeooe, 
Raphldlum, 
8taaraetniin»     . 

Fungrl*  CrenotluiZi 

ANIMALS. 
Infusoria,    . 

Oeratium,  . 
Chlamydomonas, 
Dinobryon, 
Dinobryon  oaaea, 
Enslena,     . 
Mallomonae, 
Perldinlum, 
Trachelomonas, 
Vortieella, . 

VerzneB, 

Annrea, 

Rotatorlan  ova, . 
Rotifer, 


Orustacea,  Cyclop*,. 


13 
U739 


17 
12045 


14 
12887 


8 
12460 


7 

6 

12660 

12866 

10 

88 

0 

0 

0 

0 

10 

38 

0 

0 

0 

0 

0 

0 

9 

8 

1 

0 

1 

0 

7 

8 

0 

6 

0 

4 

0 

0 

0 

0 

0 

0 

0 

4 

0 

8 

8 
18000 


5 
18256 


5 
18126 


0 
0 
0 
0 
0 
0 


0 
0 
8 
0 


0 
0 
0 
0 


1. 


1,360 

66 

120 

0 

40 

10 


0 
0 
0 
0 


10 

6 
0 
4 
0 


80 

0 
0 
0 
60 
0 
0 


15 

8 
0 
8 
4 


800 

0 

800 

0 

0 


0 
0 
0 
0 
0 
0 


1 

0 

1 

0 


0 
6 
6 
0 


1, 


044 

40 

80 

0 

0 

0 


56 

0 

5 

44 

0 


18 


0 
6 

0 
7 


81 

21 
8 
0 
0 
1 
1 


111 

100 
1 
0 
1 


188 

0 

137 

0 

1 


87 

81 
2 
0 

0 

4 
0 


18 

10 

0 
2 
0 


0 
6 
0 
0- 


8 

188 

84 

0 

0 

0 

5 

0 

0 

0 

6 

5 

0 

180 

22 

0 

0 

0 

0 

0 

7 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 

1 

0 
0 
0 
0 
0 


1 

0 
0 


6 

175 

1 

0 

0 

0 

0 

1 

0 

182 

0 

0 

1 

8 

1 

8 

2 

36 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

.01 

80 

8 
0 
0 
0 
2 
2 
8 
20 
0 


1 
2 

1 


.01 


25 

0 

0 
2 

10 
0 
0 
2 
4 
7 


2 

0 

0 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 


.08 


MUcelkmeouM,  Zottglcea,        .... 

7 

0 

10 

58 

268 

840 

188 

0 

0 

Total 

16 

1,788 

410 

66 

202 

470 

1,801 

307 

55 
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WnVCHESTEB. 

Chemical  Examination  of  Water  from  the  South  Beservoir  of  the  Winchester  Water 

Works. 

[Puts  per  100,000.] 


n 

B 

9 


s 


11740 
UMO 

mm 

12406 
124(B 
12578 
12000 
12855 

laooi 

18257 
1M28 


Ay.* 


Feb.  12 
Apr.lO 
June  13 
JaiM20 
Joly  6 
July  18 
Aug.  0 
8«pt.  i 
Oct.  2 
Not.  5 
Dm.  i 


AiriABAvoa. 


I 


0 

I 

1 


SUcht. 

SUghi. 

DIstinet, 

grooB* 

DlttlBei. 

DisUnet. 

Slight. 

Ditttoel, 

gIMII. 

Slight, 


Slight, 
green. 

IHitiACt. 

SUgfaft. 


Slight. 
BUght. 
Cons., 


Gone. 

white. 
Slight, 


Slight. 

Slight, 

green. 
Blight, 

brown. 
Blight, 

green. 
Cone., 


V.  slight. 


10 
.80 
.25 
.25 

.12 
.15 
.15 
.15 
.15 
.25 
.18 


0.18 


kssxddb  on 
Etapoba- 

TIOV. 


I 


8.06 
4.10 
4.00 
4.06 
4.05 
4.76 
4.00 
4.86 
4.66 
4.46 
4.06 


si 


4.60 


1.60 
1.26 
0.70 
1.00 
1.05 
2.25 
2.10 
2.10 
2.26 
1.80 
l.flO 


1.76 


AmtOMlA. 


! 


.0026 
.0088 

.0004 
.0028 
.0012 
.0006 
.0002 
.0000 
.0000 
.0218 
.0130 


Albuminoid. 


I 


.0274 
.0282 
.0804 
.0874 
.0272 
.0200 
.0274 
.0270 
.0228 
.0206 
.0240 


0040.0207 


.0188 
.0218 
.0264 
.0334 
.0254 
.0242 
.0244 
.0284 
.0212 
.0224 
.0220 


.0282 


.0066 
.0014 
.0060 
.0040 
.0018 
.0018 


.40 
.40 
.88 
.41 
.48 


.0030  .42 


.0042 
.0010 
.0042 
.0020 


.0086 


.87 
.42 
.46 
.42 

.41 


Nmoau 


i 


.0070 
.0080 
.0080 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0030 
.0070 


.0024 


.0000 
.0001 
.0000 

.0000 
.0000 
.0000 
.0001 
.0002 
.0000 
.0001 
.0004 


.0001 


I 

a 

I 

o 


i 


.4712 
.4028 
.4160 
.4485 
.4028 
.4285 
.4700 
.4190 
.4400 


1.4462 


1.0 
1.8 
1.9 
1.8 
1.0 
1.7 
1.7 
1.0 
1.9 
1.9 
2.8 

1.9 


Averages  by  Tears. 


ISOlf 

-. 

• 

.00 

6.78 

2.00 

.0110 

.0486 

.0861 

.0126 

.40 

.0004 

.0000 

- 

1802 

- 

- 

.51 

6.17 

2.04 

.0066 

.0892 

.0818 

.0074 

.88 

.0118 

.oooa 

- 

1808 

- 

- 

.34 

4.78 

1.86 

.0004 

.0201 

.0216 

.0075 

.86 

.0008 

.0002 

.4801 

1894 

- 

- 

.18 

4.56 

1.76 

.0040 

.0267 

.0282 

.0035 

.41 

.0024 

.0001 

.4462 

2.8 
2.2 
2.1 
1.9 


*  Where  more  than  one  sample  was  ooUeeted  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 
t  Angnst  to  Deeember. 


NoTB  to  analyses  of  1894 :  Odor,  Tegetable;  in  June,  oily;  on  heating  the  odor  is  stronger.- 
samples  were  collected  from  the  reservoir  near  the  gate-hoose,  one  foot  beneath  the  surface. 


The 
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WINCHESTER* 

Microscopical  Examination  of  Water  from  the  Sotdh  Reservoir  of  the  Winchester 

Water  Works. 

[Number  of  organisms  per  ooblo  centimeter.] 


1894a 

Feb. 

Apr. 

June. 

June. 

July. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

Day  of  examination,  . 
Number  of  aample,    a 

18 
11740 

17 
12046 

14 
128€0 

22 
12405 

6 
12468 

18 
12578 

7 
12000 

5 
12865 

8 
18061 

5 

13257 

5 
18428 

PLANTS. 
DiatomaceaB. 

Asterlonella, 

Svnedra,        .... 

Tabellaria,    .       .       a       . 

Oyanopbycen,   . 

Anaba»na,      .       a       a       . 
Clatbroeystis, 
C<Blosph»rlum,    a 
Microcystis 

JBL\l^90f                a               a              •               a              a 

Arthrodesmns,     , 
Olosterinm,   ...       a 
Proloooccos,  a 

Raphldiam 

Staarastrum, 

Fiincrif  Orenothriz,. 

pr. 

0 

0 

pr. 

9 

1 
0 

0 

0 
0 
0 
0 
0 

0 

t4S 

16 

8 

224 

5 

0 
0 
0 
6 

8 

0 
8 
0 
0 
0 

r 

228 

0 

0 

228 

7 

2 
8 
1 
1 

446 

1 

10 

416 

4 
5 

0 

29 

0 

0 

29 

18 

18 
0 
0 
0 

20 

6 
8 
0 
2 

4 

0 

19 

0 

0 

19 

2 

2 

0 
0 
0 

0 

0 
0 
0 
0 
0 

0 

8 

0 
0 
8 

18 

0 

18 

0 

0 

2 

1 
0 
0 
0 

1 

0 

82 

0 

0 

82 

88 

15 

18 

0 

0 

15 

0 
1 
0 
12 
2 

0 

109 

0 

0 

100 

8 

0 
8 

1 
0 

74 

1 

68 
0 
4 

1 

0 

29 

0 

0 

29 

7 

8 
0 

1 
8 

2 

0 
2 
0 
0 
0 

0 

14 

0 

4 
10 

80 

72 

4 
4 
0 

10 

0 
2 
0 
8 
0 

0 

24 

8 

0 

16 

0 

0 
0 
0 
0 

56 

0 
54 

0 
0 
0 

0 

ANIMALS. 
InftiBoria 

Dlnobryon,    .       .       .a 
Dinobryon  cases, . 
Mallomonas,  a 

Peridinlnm,  .... 
Traobelomonas,    a 
Uroglena,      a       .       a       . 
Volvoz, 

Vermes, 

Anarea,         aaaa 
Rotatoriao  OTa,    • 

1 

0 
0 
0 
0 

1 

0 
0 

0 

0 
0 

n 

0 
88 

0 

1 
8 
0 
0 

0 

0 
0 

85 

0 
0 
0 
0 
0 
25 
a  10 

8 

1 
2 

20 

0 
0 
0 
0 
0 
90 
0 

0 

0 
0 

6 

0 
0 
0 
0 
5 

1 

0 

1 

7 

2 
6 

0 
0 
0 
0 
0 

pr. 

• 

825 

90 
800 
8 
0 
2 
0 
0 

0 

0 
0 

• 

12 

0 

4 
1 
1 
6 
0 
0 

0 

0 
0 

8 

0 
0 
0 
0 
8 
0 
0 

0 

0 
0 

80 

0 
0 
0 
0 
80 
0 
0 

0 

0 
0 

5 

0 
0 
0 
0 
6 
0 
0 

0 

0 
0 

MUcellttfMoui,  ZoSglosa,    a 

0 

84 

0 

0 

54 

0 

108 

0 

288 

768 

94 

Total 

10 

484 

718 

87 

81 

35 

1,0L3 

198 

254 

052 

140 
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WXNCBTESTEB. 

Chemical  Examinalion  of  Water  from  the  Middle  Ruervoir  of  the  Winchester 

Water  Works. 

[PmrU  p«r  100,000.] 


Jl 
i 


o 

I 


I 


12277 '  ll»y  28 


UUB 
13404 
12&S 


JaQ« 13 


SUght. 
Diitlnet. 


JqmW.  Dlstiiict. 


J0I7 12 
12672 ;  July  18 
12808 

Aug.  6 


D«eld6d, 
groen. 

Thick, 
green. 
Joly25    DMrided, 


12061 
128M 
19060   Oct.    2 


grcco. 

Decided, 

green. 

Sept.  41,  Decided, 


1S8U 
18427 


Av.« 


Decided, 


NoT.15i|Deeided, 

green. 

Dee.  41  Distinct. 


Cons., 

Sellow. 
ght. 

Slight, 

white. 
Blight, 

green. 
Slight, 

green. 
Cons., 

yellow. 
Cons., 

green. 
Slight, 

brown. 
Cons., 


Rksiddb  ov 
XTAroiA- 

TIOV. 


1.20 <  4.86 

!i 

1.10  I  4.05 
l.oJj  6.06 
1.00' I  5.60 
O.Ool  6.55 
0.70!  5.00 


0.60 
0.60 
0.56 


Blight, 

green. 
Cons., 

green. 


6.25 
6.00 
5.00 


0.75'    5.60 

I 
0.80    6.85 


0.70    5.48 


2.60 
2.65 
2.40 
8.10 
8.90 
2.85 
2.75 
3.20 
8.25 
8.40 
8.85 


AXMOVIA. 


! 

In 


Alhominold. 


g 


I 


8.02 


.0000 

.0160 
.0184 
.0000 
.0006 
.0000 


.0542 
.0600 


.0608 
.0614 


.0664>.0588 


.0600 
.0802 
.0606 


.0020.0768 
.0018  .0010 


.0000 
.0020 


.0642 
.0666 


.00.''.')  .0746 


.0045.0723 


.0408 
.0874 
.0894 
.0488 
.0610 
.0468 
.0465 
.0648 


.0084 
.01761 
.0082 
.0102 
.0428 
.0212 
.0880 
.0400 
.0674 
.0100 
.0106 


.0485.0288 


.80 
.40 
.40 
.48 
.40 
.46 
.40 
.46 
.48 
.46 
.44 


.44 


NiTSOOBM 


1 

1 

1 

• 

i 

1 

s 

SQ 

.0070 
.0060 
.0060 
.0000 
.0080 
.0000 
.0000 
.0000 
.0000 
!.007O 
.0070 


.0001, 
.0001 
.0001 
.0000 
.0000 
.0001 
.0001 
.0002 
.0001 
.0000 
.0001 


.0082 


.0001 


1 


I 

5 


.8786 
.0117 


.85821.8 


.8224 


.70001.4 


i 


1.4 
1.8 


1.0 


.7888 

.n77 

.7777 

1.0101 

.8081 

.0086 


.8648 


l.l 
1.6 
1.7 
I.O 
1.6 
1.4 

1.6 


*  Where  more  then  one  semple  wee  eolleeted  in  a  month,  the  meen  eaelyeli  for  that  month  hae  been 
used  in  making  the  aTorage. 


Odor,  generally  distinctly  Tegetable  and  often  nnpleaaant  or  disagreeable;  in  December,  none.  The 
odor  is  generally  stronger  on  heating.  -—  The  samples  were  collected  from  the  rsserroir  above  the  dam. 

There  le  no  means  of  drawing  water  directly  from  this  reserroir  for  the  supply  of  the  town.  The 
OTetflow  from  it  passes  into  the  Booth  Reserroir. 
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WINCHSSTEB. 

Microscopical  ExamincUion  of  Water  from  the  Middle  Reservoir  of  the  Winchester 

Water  Works. 

[Number  of  organlams  per  oobic  centimeter.] 


18M. 

May. 

Jane. 

Jane. 

Jnly. 

Jaly. 

Jaly. 

Aag. 

Sept. 

Oct 

KOT. 

Dee. 

Day  of  examination,  . 
Namber  of  sample,    .              • 

24 

12277 

14 
12868 

22 
12404 

12 
12626 

18 
12672 

26 
12606 

7 
12061 

6 
12864 

8 
13060 

16 
18813 

6 
13427 

PLANTS. 
DiatomaceaBt 

Asterionella, 

Fragilarla 

Melosira,       .... 
Navioola,      .... 
Bynedra 

OyanophyceaB,   . 

Anab»na 

ChroSoocona, 
Clatbrooystla, 
CcelospbeBrinm,    . 
Microcystis, .... 

▲IfiraB, 

CcBlaatmm,  .... 
Eodorina,     .... 

Pedlaatram 

Nepbrocytinm,    .       . 

Protoooeona,         • 

Scenedesmas, 

Belenastram, 

Boraatrum,    .... 

Stanraatram, 

ZoSsporea 

FunfiTlt  Orenothrix, . 

0 

0 
0 
0 
0 
0 

8 

0 
0 
8 
0 
0 

68 

0 

0 

18 

1 
0 
0 
0 
82 
4 
0 

1 

1 

0 
0 
0 

1 

0 

16 

0 
0 
16 
0 
0 

28 

0 
8 
16 
0 
0 
0 
0 
4 
1 
0 

0 

0 

0 

0 
0 
0 
0 

0 

0 
0 
0 
0 
0 

18 

0 
0 
6 
0 
10 
0 
0 
2 
1 
0 

pr. 

0 

0 
0 
0 
0 
0 

302 

0 

0 

288 

2 

12 

122 

0 

0 

20 

0 

0 

2 

0 

80 

20 

0 

6 

0 

0 
0 
0 
0 
0 

364 

260 

84 

40 

0 

0 

170 

0 
1 
2 
0 
0 
0 
0 
172 
4 
0 

0 

0 

0 
0 
0 
0 
0 

800 

160 

0 

600 

160 

0 

100 

0 
0 
0 
0 
0 
0 
0 

60 
0 

60 

0 

1 

0 
0 
0 
1 
0 

1.860 

1,220 

0 

32 

108 

0 

12 

0 
0 
0 
12 
0 
0 
0 
0 
0 
0 

0 

11 

0 

10 

0 

1 
0 

272 

144 

0 
48 
72 

8 

80 

48 

1 
0 
4 
0 
0 

1 
0 

3 

28 

0 

0 
24 

4 
0 

692 

64 

0 

144 

480 

4 

204 

12 
20 
4 
0 
0 
0 
160 
0 
8 
0 

8 

2 

0 
0 
0 
0 
2 

101 

0 
0 

1 

100 
0 

60 

0 
2 
0 
0 
0 
6 
62 
0 
0 
0 

0 

66 

8 
0 
9 
0 
48 

92 

0 
0 
0 
92 
0 

14 

2 

0 
1 
0 
10 
0 
0 
0 

1 

0 
5 

ANIMALS. 

Infasorla,      .... 

Burearla 

Oryptomonaa, 
Dlnobryon  caaea, 

Monaa, 

Peridinlum,  .... 
Traobelomonas,    . 
Volvox,         .... 

Vermes, 

Anurea,         .... 
Monoceroa,  .... 
Polyarthra,  .... 

Orustacea,    .... 

Bosmina,      .... 
Cyclops,        .... 
Dapbnia,       .... 

224 

0 
0 
220 
0 
0 
1 
8 

0 

0 
0 
0 

.08 

0 
.01 
.02 

14 

14 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 

.16 

.16 
0 
0 

60 

0 
0 
0 

t 

60 
0 

pr. 

0 

.01 

0 

.01 

0 

88 

0 
0 
0 
0 
4 
84 
0 

0 

0 
0 
0 

.01 

0 

.01 

0 

69 

0 
0 
0 

1 

0 

68 

0 

0 

0 
0 
0 

.02 

0 

0 

.02 

100 

0 
0 
0 
0 
0 
100 
0 

0 

0 
0 
0 

0 

0 
0 
0 

3 

0 
0 
0 

1 

2 
0 
0 

2 

0 
2 
0 

.08 

0 
.02 
.01 

44 

0 
0 
0 
0 
0 
44 
0 

1 

0 
0 

1 

.01 

0 

0 

.01 

416 

0 
0 
0 
0 
0 
416 
0 

8 

4 
0 

4 

0 

0 
0 
0 

651 

0 

660 
0 
0 
1 

800 
0 

2 

0 
0 
2 

.06 

0 

.06 

0 

6 

0 
0 
0 
0 
0 
6 
0 

0 

0 
0 
0 

.02 

0 

.02 

0 

MUeelianeoui 

Aearlna,        .... 
Zo&glcsa,       .... 

.01 

.01 
0 

0 

0 
0 

.02 

.02 
0 

12 

.03 
12 

0 

0 
0 

0 

0 
0 

680 

.01 
680 

120 

.06 
120 

80 

0 
60 

0 

0 
0 

0 

0 
0 

Total 

287 

68 

78 

480 

632 

1,000 

2,068 

631 

1.416 

1,016 

182 
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WINTECBOP. 

Water  Supply  op  Winthbop. 

(See  Severe.) 

Water  Supply  op  Woburn. 

Chemical  Exatninatian  of  Water  from  the  FiUer-gaUery  of  the  Wohum  Water 

Works. 

[ParU  por  100,000.] 


Z 

a 

9 


I 


•83 


llKl   Jan.     17    Nona. 


APTBAmuroB. 


Sf 


I 


11782 

una 
lam 
mi6 

13124 
12571 
12777 
18004 
13130 
IB90 
ISfiOO 


Fab. 
Mar. 
Apr. 
lUy 

June 

July 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 


19 
30 
17 
10 
32 
18 
15 
18 
15 
19 
17 


None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 


At. 


None. 

None. 

BUght. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 


.00 
.00 

.00 
.00 
.00 
.06 
.02 
.00 
.00 
.01 
.02 
.01 


.01 


1 

Ammohxa. 

1 

-6 

.1 

|a 

11.86 

.0020 

.0008 

10.80 

.0020 

.0030 

10.86 

.0084 

.0034 

11.30 

.0000 

.0012 

11.40 

.0060 

.0012 

12.06 

.0022 

.0010 

10.80 

.0026 

.0016 

10.90 

.0090 

.0012 

12.00 

.0082 

.0018 

10.15 

.0080 

.0026 

10.40    .0086 

.0024 

10.80    .0022 

.0024 

11.02 

.0026 

■ 

.0018 

« 
a 

r 


2.01 
2.00 
1.76 
2.30 
1.92 
2.02 
1.94 
1.88 
2.02 
1.81 
1.78 
1.92 


SlTBOOBX 
AS 


s 


.0280 


1.94 


.0860 
.0260 
.0860 
.0800 
.0260 
.0280 
.0080 
.0160 
.0260 


.0282 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


I 

K 
M 

o 


•8 

i 

a 


8 

e 


B 


a 

s 


.0466 
.0840 
.0887 
.0861 
.0488 
.0677 
.0403 
.0677 
.0846 
.0474 
.0616 
.0428 


.0000 


.0601 


6.1 
6.0 
5.0 
6.0 
6.1 
6.1 
4.9 
4.9 
6.6 
4.6 
4.6 
4.7 


6.0 


.0000 
.0000 
.0006 

.0010 
.0000 

.0040 
.0080 

.0060 
.0060 
.0010 
.0010 

.0021 


Averages  by  Tears. 


1887*    1 

- 

- 

.00 

1888 

- 

- 

.00 

1880 

- 

- 

.00 

1890      ' 

- 

- 

.01 

1891 

- 

- 

.00 

1802 

- 

- 

.00 

1808 

- 

- 

.00 

1804 

1 

- 

- 

.01 

12.00 


-      .0028 


12.00  1.0012 


10.84  1.0010 
11.06  1.0012 


.0082 
.0022 
.0023 


10.85 '.0008  .0015 


11.27!. .00  2 


11.501  .0022 

I 
11.02 ',.0026 


.0034 
.0018 
.0018 


2.40 
8.60 
2.07 
1.91 
1.79 
1.96 
2.04 
1.94 


.0814 
.0346 
.0872 
.0481 


.0868    .0000 


.0000 

.0000 
.0000 


.0642 
.0447 
.0282 


.0000 
.0000 
.0000 


6.0 

4.9       - 

I 
6.1  I    - 

I  ' 

.0617     5.3    .0004 


.0501 


6.0    .0021 


*  June  to  December. 
Note  to  analyaea  of  1804 :  Odor,  none. The  aanplee  were  collected  from  the  fllter-gallery. 

Microscopical  Examination, 

A  very  few  organUma  were  found  In  the  aamplee  collected  in  If  arch,  liay,  July  and  September.    In 
the  remaining  aamplee  no  organiama  were  found. 
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Chemical  ExaminaUon  of  Water  from  Horn  Pond^  Wobum, 

[ParU  per  100,000.] 


a 
o 

o 
m 


11660 
11781 
11022 
12070 
12244 
1242S 
12670 
12776 
18008 
18120 
18320 
18400 


At. 


1S94. 

Jan.  17 

Feb. 10 
Mar.  20 
Apr.  17 
May  16 
June  22 
July  18 
Aug.  15 
Sept.  18 
Oct.  15 
Nov.  19 
Dec.  17 


APriASAVOB. 


5 


Blight. 

Slight. 

SUght. 

Slight. 

iDiatinct. 

DiatiDot. 

Dietlnot, 
green. 

DiaUnet, 
green . 

Decided. 

Diatinct, 
green. 
Slight. 

Distinct. 


Slight. 
SUght. 
Cona. 
Cons. 

Cons., 

green. 
SUght. 

green. 
Slight, 

green. 
Cons., 

green. 
Cous., 

green. 
Cons  , 

green. 
Cons. 

SUght. 


8 


.40 
.80 
.86 
.40 
.80 
.46 
.38 
.80 
.40 
.20 
.28 
.28 


.88 


KaSIDCB  OH 

Etapoba- 
Tioir 


I 


0.60 

0.86 

8.70 

8.40 

6.15 

0.80 

7.76 

0.05 

10.15 

0.45 

10.80 

10.20 


9.08 


e 

4 


i 


2.85 
2.10 
2.60 
2.60 
1.40 
1.55 
1.76 
1.85 
2.16 
2.15 
1.45 
1.05 


1.08 


Ammovia. 


I 


Albnmlnold. 


I 


^* 


S 

n 


.0066 
.0154 
.0040 
.0016 
.0178 
.0058 
.0000 
.0004 
.0006 
.0008 
.0104 
.0056 


.0065 


.0180 
.0180 
.0276 
.0222 
.0186 
.0808 
.0290 
.0688 
.0428 
.0418 
.0604 
.0278 


.0292 


.0108 

.0160 

.0164 

.0168 

.0162 

.02161 

.0200 

.0200 

.0182 

.0214 

.0218 

.0212 


.0184 


.0022 
.0020 
.0112 
.0064 


4 

e 

1 


1.70 
1.84 
1.56 
1.56 


.0024   1.5r> 


NiTBOOKH 


I 


.0900 
.0780 


.0007 
.0007 


.0900  .0010 


.0082 
.0096 


1.70 
1.81 


.0188  1.94 


.0246 
.0204 
.0176 
.0066 


2.04 
2.05 
2.10 
2.01 


.0108!  1.84 


.0670 
.0480 
.0380 
.0170 


.0006 
.0018 
.0017 
.0019 


.0000  .0001 
.0000' .0000 
.0000.0000 


I 

a 

M 
O 


i 

a 

a 


.4519 
.3880 
.8950 
.3705 
.4184 
.4568 
.4268 
1.8888 
.3657 
.4718 


.0200 
.0420 


.0404 


.0011; 
.0009 


.0009 


8.2 
8.4 
3.0 
2.6 
8.1 
8.1 
3.1 
8.6 
8.6 
8.5 


.8884'  3.6 


.8811 


.4068 


8.6 


8.3 


Averages  by  Years, 


- 

1887* 

- 

- 

.44 

18.79 

2.19 

.0149 

.0480 

- 

■* 

8.74 

.0224 

.0014 

1 

1 

- 

- 

1888 

- 

- 

.82 

11.28 

1.71 

.0186 

.0888 

- 

- 

2.98 

.0398 

.0015 

- 

- 

- 

1889 

- 

- 

.80 

8.87 

2.08 

.0092 

.0876 

.0216 

.0160 

1.98 

.0498 

.0016 

- 

- 

- 

1890 

- 

- 

.27 

10.76 

2.07 

.0080 

.0868 

.0205 

.0168 

1.91 

.0681 

.0008 

- 

8.4 

- 

1891 

- 

- 

.22 

8.00 

2.06 

.0129 

.0458 

.0237 

.0216 

1.76 

.0602 

.0000 

- 

2.9 

- 

1802 

- 

- 

.26 

10.67 

2.13 

.0110 

.0868 

.0216 

.0142 

2.42 

.0821 

.0008 

- 

8.8 

- 

1898 

- 

- 

.80 

9.88 

2.51 

.0061 

.0465 

.0247 

.0208 

2.10 

.0472 

.0009 

.4680 

8.2 

- 

1894 

- 

■* 

.88 

9.06 

1.98 

.0066 

.0202 

.0184 

.0108 

1.84 

.0404 

.0009 

.4088 

8.8 

*  Jnne  to  December. 


NoTS  to  analyaes  of  1894 :  Odor,  distinotly  vegetable  and  frequently  graaay ;  on  heating,  the  odor  waa 
frequently  diaagreeable. 
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WOBITBH. 

Microscopical  Examination  of  Water  Jrom  Horn  PKmd^  Wobum. 

[Knmbtf  of  oiv*nl«nw  P«r  cnbio  MDtimettr.] 


ISM. 

Jan. 

r«i». 

Mar. 

Apr. 

May. 

jQDa. 

JiU. 

Aag. 

8^ 

Oct 

Not. 

Dao. 

DftJ  of  «SBintB«llOB,    . 

NnmbtrofMinpto,     • 

10 
11800 

90 
11781 

90 
11092 

18 

12070 

91 
12944 

98 
19498 

18 

12570 

18 

i8no 

91 
18008 

18 
18120 

21 
18829 

10 

18408 

PLAi!rr8. 

Dlatomaoen. 

AstarfonelU, 
G^eloCella,     . 
TraglUrla, 
Malotln, 
NiixtehU,     • 
Sjnadra,       •       • 

Oyanop]iyoa»t    • 

AnabaoA.     • 
Cbrodoocens, 
ClalhrocystU. 
C<Bk>spluBiiuiii«    • 

Alg8» 

Chlofoeoeeut, 
CcMuiarianit  .       •       • 
OlflBOCApca,   . 
ProtoeooeiM, 
SoeMdMinn*, 
BuarMtmm, 

Fungi*  OmMlhrlz,  • 

48 

2 

8 
0 
0 
0 
44 

0 

0 
0 
0 
0 

14 

0 
0 
0 
12 
0 
2 

4 

487 

180 

0 

8 

188 

112 

6 

8 

0 
0 
0 
0 

87 

44 

10 
0 
0 
8 
0 

6 

097 

040 
2 
0 

904 

0 

91 

1 

0 
0 
0 

1 

178 

10 

0 

0 

104 

1 
0 

1 

808 

800 

0 

10 

280 
0 

290 

8 

0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 

0 

888 

11 

1 

100 

18 

0 

988 

16 

10 
0 
2 
8 

IS 

0 
0 
0 
6 
8 
0 

0 

11 

0 
0 

10 
0 
0 

1 

17 

0 
0 

1 

90 

884 

0 
0 
0 

940 
28 

110 

8 

7,188 

0 
0 
7,280 
0 
0 
0 

88 

0 
40 
40 

0 

188 

0 

1 

0 

0 

184 

8 

8 

90 

0 
0 
90 
0 
0 
0 

m 

0 

0 

904 

92 

76 

0 

0 

72 

0 

2 

1 

8 

904 

0 
0 
909 
0 
0 
9 

180 

0 

0 

0 

100 

850 

0 
690 
0 
0 
80 
0 

8 

881 

0 
0 

820 

87 

1 

824 

8f 

0 

0 

14 

48 

88 

0 

4 

0 

50 

20 
0 

8 

888 

880 
0 
0 
8 
0 
0 

88 

0 

0 

0 

88 

88 

0 
0 
0 
0 
80 
0 

0 

101 

08 

0 
0 

40 
0 

1 

8 

0 
0 
0 
0 

1 

0 
0 
0 
0 

1 

0 

1 

ANIMALS. 
Bhlsopoda,  IMfflncto,   . 

InAiaorla. 
CryplomonM, 

liODM,  .         .        .         • 
P«ridiDiam,  . 
Tmoheloinonai,   • 
VorUMUa,    . 

Vermes,  Annrea,   . 
Ornstaoea,    • 

DaphnU. 

OnuUeaan  remalna,    . 

0 

0 

0 
0 

6 

1 
0 

0 

0 

0 
0 

1 

0 

0 
0 
0 
0 
0 

0 

8 

0 
0 

0 

in 

128 

I 

0 
0 
0 

1 

8 

0 
0 

8 

. 

4 

0 
0 

1 

3 
0 

0 

.08 

.03 

0 

8 

9 

1 
1 
0 
0 
0 

4 

.89 

0 
.02 

0 

9 

0 
0 
0 
0 
2 

1 

.01 

.01 

0 

8 

« 

0 
0 

I 

0 
8 

8 

0 
0 

8 

8 

0 
0 
0 
0 
0 

0 

8 

0 
0 

9 

8 

0 
0 
0 
0 
0 

0 

.04 

.02 
.02 

8 

7 

7 
0 
0 
0 
0 

0 

.89 

0 
•02 

1 

1 

0 
0 
0 

1 

0 
8 

.81 

0 
.01 

8 

t 

2 
0 
0 
0 
0 

8 

8 

0 
0 

JOfMttkMMM,  ZoOglcsa,    . 

0       9 

71 

0 

940 

8 

8 

144 

8 

988 

8 

8 

Total,  .      .       .       • 

70 

408 

1,800 

910 

887 

428 

7,680 

685 

010 

1,080 

1,058 

105 

858 
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WORCESTEB. 


Water  Supply  of  Worcester. 


Leicester  Supplt.  —  Chemical  Examination  of  Water  from  the  Lynde  Brook 

Storage  Reservoir, 

[Parte  per  100,000.] 


i 

"8 

1 

Apfkabavos. 

UsaiDDK  OH 
TIOM. 

Ammohia. 

• 

o 
a 

1 

.10 

NlTIOOBN 

▲a 

a 

s 

1 

1 

1 

I 

H 

,1 

i 

Albuminoid. 

• 

i 

S 

1 

a 

i 

i 

11034 

ISM. 

Jan.  5 

V.  alight. 

Slight. 

0.40 

3.66 

1.10 

.0064 

.0186 

.0114 

.0022 

.0120 

.0000 

1 

.3815 

8.0 

11T40 

Feb.  12 

V.  alight. 

V.  alight. 

0.28 

3.66 

1.06 

.0080 

.0104 

.0066 

.0018 

.20 

.0150 

.0000 

.8680 

1.8 

11878 

Mar.  12 

Slight. 

Slight. 

0.28 

2.45 

0.90 

.0030 

.0104 

.0080 

.0024 

.15 

.0150 

.0000 

.8784 

0.8 

12053 

Apr.  16 

Slight. 

Slight. 

0.20 

2.65 

0.85 

.0084 

.0106 

.0002 

.0014 

.10 

.0170 

.0000 

.3162 

0.8 

12203 

May  14 

Slight. 

Cona. 

0.20 

2.76 

0.86 

.0010 

.0118 

.0106 

.0010 

.16 

.0100 

.0000 

.8198 

0.8 

12384 

JonelS 

V.  alight. 

Slight. 

0.83 

2.75 

0.06 

.0008 

.0128 

.0118 

.0010 

.17 

.0030 

.0000 

.4050 

0.9 

12684 

July  10 

Slight. 

Slight. 

0.30 

8.00 

1.26 

.0006 

.0148 

.0130 

.0018 

.20 

.0000 

.0002 

.3311 

0.9 

12740 

Ang.lS 

Slight. 

Slight. 

0.28 

8.00 

1.10 

.0000 

.0150 

.0188 

.0012 

.15 

.0020 

.0000 

.8167 

0.6 

12008 

Sept.l7 

V.  alight. 

V.  slight. 

0.28 

8.10 

0.86 

.0000 

.0188 

.0116 

.0022 

.21 

.0000 

.0000 

.2840 

0.0 

18181 

Oct.  15 

Slight. 

Cona. 

0.75 

8.20 

1.20 

.0184 

.0280 

.0142 

.0088 

.17 

.0020 

.0000 

.8278 

1.1 

18327 

Nov.  10 

Dlstlnot. 

Slight. 

0.65 

4.80 

1.45 

.0180 

.0156 

.0146 

.0010 

.26 

.0180 

.0000 

.4485 

2.1 

18501 

Deo.  17 

Blight. 

V.  alight. 

0.45 
0.36 

6.00 

1.55 

.0180 
.0065 

.0148 
.0130 

.0132 
.0117 

.0016 
.0022 

.16 

.18 

.0800 
.0108 

.0000 

.0000 

.4004 
.8522 

1.8 

Av. 

8.87 

1.00 

1  f 

Averages  by  Tears. 


• 

1887* 

. 

- 

0.30 

8.15 

0.95 

.0057 

.0194 

- 

- 

.16 

.0048 

. 

. 

. 

- 

1888 

- 

- 

0.94 

2.64 

0.86 

.0087 

.0161 

- 

- 

.14 

.0066 

.0001 

- 

• 

- 

1880 

- 

- 

0.24 

2.64 

0.60 

.0060 

.0167 

.0138  .0029 

.16 

.0068 

.0001 

- 

- 

- 

1890 

- 

- 

0.21 

8.07 

1.16 

.OOM 

.0182 

.0107  .0025 

.14 

.0078 

.0001 

- 

0.9 

- 

1891 

- 

- 

0.24 

2.88 

1.08 

.0046 

.0126 

.0101  .0025 

1 

.12 

.0074 

.0001 

- 

0.7 

- 

1892 

- 

- 

0.26 

2.99 

1.16 

.0088 

.0189 

.0118 

.0026 

.16 

.0106 

.0000 

- 

0.6 

- 

1898 

- 

- 

0.26 

2.66 

0.96 

.0086 

.0162 

.0122 

.0080 

.15 

.0066 

.0001 

.8466 

0.6 

- 

1804 

- 

- 

0.86 

8.87 

1.09 

.0065 

.0139 

.0117 

.0022 

.18 

.0108 

.0000 

.3622 

1.2 

*  Jone  to  Deoember. 


NoTB  to  analyaea  of  1894:  Odor,  generally  Tegetable*  aometimea  none. The  aamplea  weie  eol- 

leeted  from  the  reaerrolr  near  the  gate-hooae  abont  one  foot  beneath  the  aurface.  Thla  reaervoir  failed 
to  fill  In  the  aprlng  of  1894  and  waa  drawn  down  rapidly  during  the  latter  part  of  the  anmmer  and  aatnnin 
and  waa  praetically  empty  In  Deeember.  Thia  condition  probably  aeooonte  for  the  high  eolor  of  the 
water  in  the  laat  three  montha  of  the  year. 
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TirORCXSTER. 

Microscopical  ExaminaHon  of  Water  from  the  Lynde  Brook  Storage  Reservoir, 

[Namber  of  orgftnUnu  per  cnblo  eeotlnieter.] 


Dmy  of  examinationi    . 
Nambor  of  Munplo, 


PLANTS. 
DlatoznacesD, 


AsterionelUp . 
CjelotellA,      . 
Mffloaira, 
Bynedm, 
TabelUiia,     . 


CyanophyceflB, 


Aoabasna, 
ChrooGOceiiSt . 
Mertamopedia, 


Alg8», 


GlcBoeapaa, 
Protococeos, 
Raphldlum, 
Btaarogenia, 


ANIMALS. 


Inftisorick. 


CrTptomonaa, 
Dinobrjoa,  . 
DiDobryon 
01«nodlDiuin, 
Mallomonaa,  , 
Peiidlnlam,  . 
TtDtlnntdlnm, 
VortlcellA,      . 


Mitcellaneaut,  Zodglcea,     . 


1M4. 


Jao. 


Fab. 


Mar. 


Apr 


May  Jane 


JDI7.;  Aug.  Sept. 


Oct 


Not. 


Dec. 


16 
11884 


U 

11746 


8 

0 
0 
0 
0 


0 
0 
0 


0 
0 
0 
0 


0 
0 


r. 

2 

0 

pr. 


0 


IS 


0 
0 
0 
0 
0 


0 
0 
0 


0 
0 
0 
0 


0 
0 
34 
0 
0 
2 
0 
0 


18 


11876 12053 


41 

0 
20 
20 
0 
0 
1 
0 
0 


16 


21 


12208.12884 


17 
12584 


15 

12740 


18 
12968 


16 
18181 


21 

18827 


0 
0 
40 
0 
0 
0 
2 
0 


6 

106 

0 

8 

0 

0 

6 

104 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

II 

0 

0 
0 
0 
0 
0 

1 

0 
0 


0 
0 
0 
0 

4 
0 
0 
0 


0 
0 
0 
0 

0 

1 

0 
0 


II 

0 
10 
0 
0 
0 

1 

0 
0 


80 


tM 


10 
18501 


pr. 

4 

11 

4 

67 

66 

68 

66 

44 

pr. 

8 

0 

0 

50 

0 

0 

1 

43 

0 

0 

4 

4 

7 

56 

62 

2 

1 

0 

0 

0 

0 

0 

0 

0 

80 

0 

pr. 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

6 

0 

0 

0 

0 

0 

0 

0 

6 

1 

880 

60 

1 

66 

t 

0 

0 

0 

1 

2 

0 

1 

25 

0 

0 

0 

0 

0 

828 

0 

0 

68 

2 

0 

0 

0 

0 

0 

21 

0 

0 

0 

0 

0 

0 

812 

It 

21t 

644 

16 

6 

0 

0 

0 

0 

0 

0 

344 

0 

0 

0 

0 

0 

800 

12 

106 

0 

26 

8 

0 

0 

0 

0 

0 

16 

0 

0 

0 

0 

0 

0 

12 

0 

0 

0 

0 

0 

0 

16 

0 

0 

23 

0 
0 
0 
0 
0 


II 

8 
0 
0 
7 
1 


0 
0 
0 


0 
0 
0 
0 


0 
0 
2 
0 
0 
0 
0 
0 


ToTAX., 


20 


41 


46 


848 


452 


800 


406 


282 


258 


67 


18 
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WORCBSTEB. 

HoLDEN  Supply. 


Chemical  Examination  of  Water  from.the  Tatnuck  Brook 
Storage  Reservoir, 

[Parte  per  100.000.] 


11635 
11747 

iian 

12052 


Jan.   5 


Fab.  12 

Mar.  12 

Apr.  16 
I 
12204  ;  May  14 

12386  Jane  18 

12585   JalylO 


12741 
12967 
13132 
18328 
13502 


Av. 


Aog.lS 
Bept.17 
Oct.  15 
Not.  10 
Dee.  17 


▲ppbabahoi. 


I 


I 


Slight. 
V.  slight. 
V.  slight. 

aught. 

Dlstlnet. 

Blight. 

DisUnet. 

Dlstlnet, 
Kfeen. 
Slight. 

Diatloet. 

Blight. 

Blight. 


Blight. 

V.  slight. 

V.  slight. 

Blight. 

Cons. 

Slight. 

BUght. 

Slight, 

greeo. 
Cons. 

Cons. 

Cons. 

Slight. 


0.80 
0.20 
0.25 
0.15 
0.20 
0.80 
0.20 
0.25 
0.20 
0.08 
0.20 
0.12 


0.20 


KssiDnsov 

KVAPOHA- 

nov. 


2.40 
2.85 
2.80 
1.65 
2.85 
2.05 
2.80 
8.20 
2.40 
1.70 
2.16 
2.40 


2.27 


,1 


5 


0.80 
1.00 
0.06 
0.56 
0.80 
0.60 
1.00 
0.85 
0.00 
1.00 
0.80 
1.00 


0.85 


AmOHIA. 


Albamlnold. 


e 


.0018 
.0034 
.0028 
.0004 
.0004 
.0026 
.0000 
.0006 
.0000 
.0000 
.0000 
.0002 


.0010 


.0160  .0124 


.0116 

.0104 

.0008 

.0140 

.0162 

.0168 

.0168 

.0160 

.023 

.0174 

.0162 


k^ 


■8 


P 


.0000 
.0082 


.0026 
.0026 
.0022 


.0068.0080 
.0120.0020 
.0112  .0040 


.0118 


.0040 


.0151 


.0112  .0056 
.0118.0042 
.0136.0100 
.01481.0026 
.0142.0020 


.0114  .0087 


e 

s 

g 


.10 
.16 
.14 
.16 
.18 
.15 
.21 
.11 
.10 
.18 
.20 
.18 


.16 


NiTBOOBV 


I 


.0050 
.0050 
.0120 
.0050 
.0000 
.0030 
.0000 
.0020 
.0000 
.0000 
.0000 
.0070 


.0032 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 

.0000 


c 

a 

c 

I 

o 


.8200 
.3464 


O.ft 
0.8 


.3352  0.1 
.2720  0.1 
.3003  0.8 


.3388 
.2026 
.2348 
.2641 


O.S 
0.5 
O.S 
0.5 


.2923:  0.8 


.2080 
.2787 


0.6 
0.8 


.2078  0.4 


Averages  by  Tears. 


- 

1887* 

- 

. 

0.20 

'  2.62 

1.01 

.0007 

.0197 

- 

• 

.14 

.0016 

- 

- 

. 

- 

1888 

- 

- 

0.17 

2.28 

0.75 

.0012 

.0157 

- 

- 

!.12 

.0043 

.0001 

1 

- 

- 

- 

1889 

- 

- 

0.10 

2.04 

0.67 

.0008 

.0143 

.0112 

.0031 

.12 

.0031 

.0001 

- 

- 

- 

1800 

- 

- 

0.17 

2.68 

1.24 

.0007 

.0141 .0102 

.0080 

.13 

.0078 

.0001 

1 

- 

0.0 

- 

1801 

- 

- 

0.17 

2.30 

0.94 

.0024 

.0148  .0102 

.0041 

.11 

.0077 

.0001, 

- 

0.<4 

- 

1802 

- 

- 

0.20 

2.62 

1 

1.08 

.0012 

.0142  .0113 

.0029 

.12 

.0067 

.0000 

1 

- 

0.6 

- 

1893 

- 

- 

0.35 

2.46 

0.98 

.0020 

.0182  .0140 

.0042 

.14 

.0049 

.0000 

.3604 

0.6 

- 

1894 

- 

- 

0.20 

2.27 

0.86 

.0010 

.0151 

.0114 

.0037 

.16 

.0032 

.0000 

1 

.2978 

0.4 

*  June  to  Deoember. 


Nora  to  analyses  of  1804:  Odor,  vegetable  and  somotiines  unpleasant. The  samples  were  ool. 

leeted  from  the  reservoir  near  the  gate-honse,  one  foot  beneath  the  sarfaoe.   For  heights  of  water  at  times 
when  samples  were  ooUeeted,  see  page  862. 
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WOBCE8TEB. 

Mieroseopical  Examinaium  of  WaUrJrom  the  Tatnuck  Brook  Storage  Reservoir, 

[Namber  of  organlsma  per  onbte  oentimetor.] 


18M. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

AUf. 

Sept 

Get 

Not. 

Dee. 

Day  of  ezamination,  • 
Number  of  aample,    • 

le 
iiesft 

14 
11T47 

18 

11877 

18 
12002 

15 
12204 

21 
12885 

17 
12585 

15 
12741 

18 
12067 

16 
13182 

21 

18328 

10 
18502 

PLANTS. 
DiAtoznaceaB, 

Asterionella, 
Fragilarla,     • 
Meloafra, 
Na^ksulA, 
Bynedra, 
Tabcllarla,    . 

Oyaiiopbyce8B»    • 

Anabsna, 
CGBloflphnrlaai,    • 

AlffSB,          .        .        .        • 

Chk>rococens, 
Hyalotbeca,  . 
Proiococcna, 
Bapbldlnm,  . 
BceDed«iimiu,       •       . 
Tetraspora,  .       • 

t 

^'o 

0 

1 
1 

0 

0 

0 
0 

pr. 

0 
0 
0 
0 

^'6 

8 

0 
0 

4 
0 
0 
1 

8 

0 
0 

pr. 

0 
0 
0 
0 

^'6 

8 

0 
0 
0 
0 
0 
0 

8 

0 
0 

8 

Q 
0 
0 
0 
0 
0 

M8 

80 

0 

180 

0 

8 

80 

0 

0 
0 

8 

0 
0 
0 
0 
8 
0 

411 

72 
0 

176 
0 
0 

180 

0 

0 
0 

18 

0 
0 
0 
0 

1 

12 

10 

6 
0 
0 

0 

4 
1 

8 

0 
0 

0 

0 
0 
0 
0 
0 
0 

548 

276 
0 
0 
1 
0 

268 

8 

0 
0 

8 

0 
0 
0 
0 
0 
0 

t,ai4 

1,020 

16 

0 

0 

0 

428 

48 

11 
82 

8 

0 
0 
0 
0 
0 
0 

118 

22 
6 

28 
0 
0 

58 

18 

1 
12 

18 

5 
0 
0 
8 

0 
0 

718 

116 
10 

868 
8 
0 

216 

St 

0 
82 

4 

2 
0 
0 
0 
2 
0 

i,3n 

502 
0 

404 
1 
1 

864 

8 

0 
0 

H 

20 
13 
48 

0 
11 

0 

884 

240 
0 
0 
0 
5 
60 

8 

0 
0 

It 

0 
0 
6 
0 
7 
0 

ANIMALS. 

Blilsu>poda. 

Actloophrya,        • 

Infbisorla, 

IMnobryon,  .       • 
Dioobryoo  caaei,         • 
Sogleua,        .       • 
Halloroooaa»  • 
Peridinium,  • 

Vermes,  .      •      •      • 

AsQrea,         •       •       • 
Polyarthra,  • 

t 

48 

0 
84 
0 
0 
8 

1 
1 

pr. 

9 

9 

0 

a 

0 
0 

T 

8 

0 
0 

8 

2 

0 
0 
0 
0 
8 

pr. 

0 
pr. 

6 

48 

5 
80 
0 
0 
0 

1 
0 

1 

8 

8 

0 
0 
0 
1 

T 

1 

1 
0 

8 

78 

0 
0 
0 
0 
76 

8 

0 
8 

8 

n 

0 
0 
0 
0 
80 

8 

0 
0 

0 

44 

0 
0 
0 
0 
44 

0 

0 
0 

8 

8 

0 
0 
0 

1 

8 

6 

0 
0 

8 

S 

0 
0 
0 
0 
8 

8 

0 
0 

0 

6 

0 
0 
5 

0 
0 

1 
1 

0 

8 

8 

0 
5 
0 
0 
0 

8 

0 
0 

MUeeOantatu,  ZoSglcsa,    . 

t 

8 

8 

40 

11 

8 

8 

180 

844 

88 

0 

8 

TOTAI^  .... 

« 

18 

8 

327 

446 

88 

571 

2,011 

802 

840 

1,420 

822 
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WOBCESTBB. 

Record  of  Height  of  Water  in  Leicester  and  Holden  Storage  Reservoirs  ai  times 

when  Samples  of  Water  were  collected  for  Analysis, 

NoTB.— Leicester  Reoenrotr,  height  of  roUway,  87.40  feet;  Holden  Besenroir,  height  of 
rollway,  30.10  feet. 


Date. 

Hkiobt  op  Watik. 

DATS. 

Hkioht  op  Watbk. 

Leioeeter. 

Holden. 

Leicester. 

Holden. 

1884. 

Jao.      5, .       .       • 

Feb.     12 

March  12 

April  10,.       .       .       . 

May     14 

Jane    18 

Feet. 
28.85 

21.50 

28.15 

80.80 

81.47 

81.07 

Feet. 
22.50 

23.10 

80.10 

80.80 

29.70 

29.80 

1884. 

Jaly  16.   ...       . 

Aug.  18 

Sept.  17,   .       .       • 

Oot.    15 

Nov.  10 

Deo.  17 

Feet 
28.55 

25.25 

19.15 

18.75 

10.80 

0.30 

Feet. 
28.10 

25.20 

21.10 

19.00 

17.80 

17.90 

Chemical  Examination  of  Water  from  Botlomly  Pond  in  PcuUon,  and  Kettle  Brook 

in  Leicester, 

[Parte  per  100,000.] 


• 

e 

1 
1 

Appbaravok. 

UUIOUK  CM 

£VAPORA- 

TIOM. 

AxMonA. 

4 

G 
i 

6 

.21 
.23 
.19 

NITBOGEN 

Ae 

• 

2 

B 

s 
<« 

1 

s 

M 
O 

i 

e 

i 

1 

> 

m 

1 

r 

1 

Albuminoid. 

■ 

1 

• 

• 

1 

1 

t 

4 

i 

1 

18218 
18210 
18220 

1884. 

Oct.  25 

Oct.  25 
Oot.  25 

Dietloot 

Slight. 

Slight. 

Heavy, 

earthy. 
Cone. 

Cone. 

0.85 
0.40 
0.25 

4.15 
4.05 
8.95 

1.15 
0.85 
1.80 

.0214 
.0054 
.0090 

.0302 
.0164 
.0278 

.0156 
.0134 
.0188 

.0146 
.0030 

1 

1 
.0090; 

1 

.0050 
.0050 
.0030 

.0000 
.0001 

.0002 

1 

.3579    1.0 

1 

.3871    1.8 
.4424   1.1 

1 

1 

Odor  of  the  first  eample,  faintly  vegetable  and  monldy ;  of  the  others,  distinctly  vegetable. The 

first  sample  was  collected  from  Bottomly  Pond ;  the  second  from  a  mlU-pond  on  Kettle  Brook  at  liann. 
ville;  the  third  from  a  mill-pond  on  Kettle  Brook  below  Mannviile. 


Microscopical  Examination. 

No.  18218.    The  total  nnmber  of  organisms  per  cnbic  centimeter  found  in  this  sample  was  1,106, 
eonsiating  chiefly  of  DtatomaceaB,  MeloHra  (464),  and  Sytiedra  (520). 

Nos.  13219  and  13220  contained,  respectively,  438  and  130  organisou  per  cable  oentimeler. 
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WORCESTER. 

Chemical  Examination  nf  Water  from  Lake  Quinsigamand. 

[P«rto  per  100,000.] 


I 

a 


e 
o 

Q 


1. 
Oct. 


V.ilight. 


8 


Slight. 


0.12 


Smiduk  o« 

EVAPOBA- 

no*. 


©• 


J- 


8.70 


1.00 


AmomA. 


I 


Albuminoid. 


mi 


4 


II 


.0020 


.0148  .0120  .0022 


1 

6 


.17 


HlTMMm 


i 

e 


.0000 


.0000 


a 

o 

I 


i 
I 
a 


2iflS 


1.6 


Odor,  d«eld«dly  vegeUble. Tke  Mmple  wm  eoUeetod  from  tk«  vppar  end  of  Ike  kfce,  aA  Ike  Lln- 

eolo  Streeft  ero— lag. 


Microscopical  ExaminaUon. 

DIatonaeeai,   0|fm6«/la,  1;  IHatoma,  4;  I^rugUmriOt  28;  G^mphontma,  1;    <^||nMdlra»  2.    Alg», 
OlofveoeciM,  0;  OmiArwi,!.    Total,  88. 


EXAMINATION  OF  RIVERS. 


[886] 


EXAMINATION  OF  RIVERS. 


Eegular  monthly  examinations  have  been  made  during  the  year 
1894  of  the  waters  of  the  Blackstone,  Charles,  Deerfield,  Hoosac, 
Hoasatonicy  Merrimack,  Nashua,  Neponset,  Saugus,  Shawsheen, 
Taunton  and  Ware  Kivers,  and  occasional  examinations  of  other 
rivers  in  the  State.  Of  these,  the  examinations  of  the  Charles, 
Deerfield,  Shawsheen,  Ware  and  a  large  portion  of  those  of  the 
Nashua  were  made  in  connection  with  the  investigation  for  a  metro- 
politan water  supply.  Examinations  were  made  of  three  streams, 
the  Assabet  in  Maynard  and  Acton,  the  Green  Eiver  in  Deerfield 
and  Greenfield,  and  the  Miller's  Kiver  at  Orange,  in  consequence  of 
complaints  as  to  their  sanitary  condition. 

Nearly  all  of  the  results  of  these  examinations  will  be  found 
arranged  alphabetically  by  rivers  in  the  pages  which  follow,  but 
some  of  them  are  given  on  preceding  pages  in  connection  with  the 
examinations  of  water  supplies,  under  the  names  of  the  towns  where 
the  samples  were  collected,  as  follows :  — 

Page 

Neponset  at  Hyde  Park, 186 

Merriinack  at  Lawrence, 190 

Merrimack  at  Lowell,       .........      202 

Sangus  at  Saugus, 215-217 

TauntoD  at  TauDton, •        •      325 

Assabet  Kiver. 

Chemical  Examinalion  of  Waler  from  the  Assabet  River  and  Tributaries  above 

Norihborough. 

[ParU  per  100,000.] 


SorecB. 

1 

AmARAVCB. 

Odob. 

■ 

■ 

«i 

1 

% 

B3 

10840 

10643 

108» 
10638 
10842 
10814 
10816 

Aaeabet  River,  ahove  Weetborongh 
aewage  dlapoaal  beda. 

Hop  Brook,  Juet  above  Bommet 
Brook,  Northboroagh. 

M llI-i>ond  fed  by  Hop  and  Bommet 
brooka,  Northborongh. 

Cold  Harbor  Brook,  1  mile  above 
Northborough. 

Howard  Brook,  1  mile  above  North- 
borough. 

Trlbatary  of  North  Brook,  \  mUe 
Dorih-weat  of  Weet  BerHn. 

Tribaury  of  North  Brook,  \  mile 
north  of  Weet  Berlin. 

1»»S. 

Aug.  16 

Aog.  16 

Ang.  16 
Aug.  16 
Ang.  16 
Aug.  15 
Aog.  16 

V.aUght. 

V.  alight. 

Decided, 
green. 
None. 

Slight. 

Slight. 

Slight. 

V.aUght. 

V.aUght. 

Cona., 

yellow. 
V.aUght. 

Cona., 

dark. 
SUght. 

SUght. 

0.46 

0.90 

0.48 
0.48 
0.80 

0.40 

1 

0.40 

Distinctly 
vegetable 
and  mouldy. 
!  None. 

Dlatlnctly 
vegetable. 

Faintly 
vegetable. 

None. 

None. 

;  Decidedly 
1  vegetable 
and  mouldy. 

Dlatlnctly 

vegetable 
and  mouldy. 
Faintly 

vegetable 
and  mouldy. 
Distinctly 

vegetable. 
Faintly 

vegetable. 
Faintly 

vegetable. 
Faintly 

vegetable. 
Decidedly 

vegetable. 
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ASSABET  nrVlBB. 

Chemical  Examination  of  Water  from  the  Assabet  River  and  Tributaries  above 

Norlhborough — Concloded. 

[Parts  per  100,000.] 


Bbsidui  on 

EVAPORA- 
TIOW. 


c- 


i 


6.00 
5.10 
6.25 
8.70 

6.ao 

S.85 
8.40 


1.80 
1.65 
2.15 
1.75 
1.00 
0.00 
1.06 


I 


.0026 
.0016 
.0000 
.0008 
.0000 
.0014 
.0000 


Ajcmoxu. 


Albuminoid. 


t 


o 

CO 


i 


.0166 

.0140 

.0084 

.0062 

.0408 

.0186 

.0106 

.0142 

.0146 

.0102 

.0170 

.0154 

.0144 

.0118 

.0026 
.0022 
.0222 
.0024 
.0044 
.0016 
.0096 


4 

3 


.28 
.28 
.28 
.19 
.26 
.24 
.26 


NlTIOaBV  AB 


I 


.0030 
.0150 
.0000 
.0000 
.0400 
.0000 
.0000 


.0000 
.0001 
.0000 

.0000 
.0001 
.0001 
.0001 


I 

8 


.8086 
.1794 
.8540 

.4584 
.9418 
.4424 
.8476 


a 


1.8 
1.9 
1.7 
0.5 
1.3 
0.8 
0.8 


o 

M 

&5 


8S 

12 

906 

66 

16L 

9 

199 


The  Munplei  were  oolleoted  daring  an  inTeetlgaiion  for  a  metropoUtaa  water  aopply  for  Boston  and 
its  snbnrbs. 


Chemical  Examination  of  Water  from  the  Assabet  Biver  in  Maynard  and  Acton. 

[Paru  per  100,000.] 


i 


f 

a 

5 

s 

m 
Q 


12871 
12872 
12873 
12874 
12875 


18»4. 

Sept.  4 

Sept.  4 
Sept.  4 
Sept.  4 
Sept.  4 


ArPBARAVOI. 


o 


i 


6 


V.  Blight. 

SUght. 

Decided, 

Oons., 

milky. 

dirty. 

Thick. 

Heavy. 

milky. 

Deelded, 

Cons., 

milky. 

black. 

Distinct, 

Slight. 

milky. 

brown. 

0.65 
0.70 
0.80 

0.80 


Ubsiuuk  on 

BVAPOaA- 
TIOM. 


.1 


I 


4.95 

8.20 

14.90 

11.60 

8.85 


1.75 
1.15 
9.10 
5.20 
2.90 


Amxoxxa. 


i 


Albuminoid. 


I 


I 

5* 


.0024 
.0072 
.0064 
.0500 
.0570 


.0236.0222 
.0416.0264 
.2260.0928 
.0820.0585 
.0510.0450 


5^ 


.0014 
.0152 
.1832 
.0235 
.0060 


9 

a 

■c 

e 


.88 
.44 
.50 
.57 
.52 


NiTBOOKH 

AS 


I 


I 


.0000 
.0000 

.0020 
.0000 
.0000 


.0001 
.0001 
.0001 
.0001 
.0000 


1 

a 
m 
a 

8 

I 


• 


.8027 

.55U 

1.5092 

1.2012 

.7392 


l.T 
1.8 
9.8 

1.8 
1.8 


*  Too  dark  to  determine. 

Odor,  of  the  first  sample,  distinctly  vegetable  and  mouldy;  of  the  seoond,  faintly  disagreeable;  of 
the  third,  dlstiootly  disagreeable;  of  the  fourth,  decided,  musty;  of  the  last,  distinctly  musty  and  un- 
pleasant. —The  samples  were  eoilected  as  follows :  No.  12871,  from  the  river  above  the  dam  abont  half 
a  mile  above  the  Assabet  MannfaeturlDg  Company  In  Maynard;  No.  12872,  from  the  river  Just  below  the 
Assabet  Manufacturing  Company;  No.  12878,  from  the  river  Just  below  the  Assabet  Manafactaring 
Company,  after  suds,  etc.,  had  come  down  ft-om  the  works;  No.  12874.  from  the  river  Just  above  the 
dam  of  the  American  Powder  Company  in  Acton;  No.  12875,  from  the  river  at  the  dam  of  the  Damon 
Manufacturing  Company. 

The  samples  were  collected  in  connection  with  an  Investigation  of  the  pollution  of  the  atream  by 
manufacturing  refuse. 
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A8SABET  BIVEB. 

Microscopical  Examination  of  Water  from  the  Assabet  Biver  in  Maynard  and  Acton. 

[Nombtr  of  organiinis  per  eoblo  o«ntlm«tor.] 


18M. 


8«pt 


Bept 


Sept. 


B«pt 


8«pt. 


Day  of  aamliMtSoii,  •       • 
Hvmbor  of  Munplo,    . 

p 

PLANTS. 
»»       .       . 

Cydotolte,  •  .  .  , 

Spiih«nU,  .  .  .  , 

BiTDodn,  «  .  .  . 

TabollarU,  . 



Conamrimo, .  .       . 

Bymlotheca,  .  .       .       , 

ProtocoecQS,  •       . 

BcMMdesraas,  • 
BUnrastnim, 
Btsorogooia, 
ZoSaporei,    ... 

Voagl,      .... 

Begglatoa.    . 
CrenoUulx,  .       .       • 

ANDCAUI. 
InAiBoria, 

CryptomoDtts, 
PtnobryoD  eaoeo,        . 
Mallomooms, 
MOOMf  .... 
PeridiDlnm,  . 
Traetaeloinooat,  . 
Yortloelia,    . 

Total, 


6 

• 

< 

0 

U871 

12873 

12878 

12874 

f 

1 

• 

s 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

2 

0 

0 

0 

N 

• 

• 

M 

1 

0 

0 

0 

28 

0 

0 

0 

10 

8 

0 

0 

0 

0 

0 

50 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

41 

1 

w 

11 

0 

0 

60 

0 

48 

1 

0 

18 

0 
12878 


N1 

f 

t,8W 

1,M0 

0 

0 

0 

100 

884 

0 

0 

0 

1 

1 

0 

0 

0 

1 

8,800 

1,200 

1 

0 

0 

0 

8 

0 

0 

0 

0 

0 

80 

0 

104 

no 

4,400 

t,000 

II 

0 

1 

4 
14 


It 

0 
0 
8 

1 
1 
2 
1 


111 

0 
118 


1 

0 
0 
0 
0 

1 

0 


til 


784 


812 


7,800 


8,806 


886 
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BliACKSTOICE  BIVEB. 


Blackstone  Riyer. 


The  regular  monthly  examinatioDS  of  the  water  of  the  Blackstone 
River  have  been  continued,  as  in  previous  years,  and  the  results  are 
given  in  the  tables  on  pages  374-379. 

The  first  two  tables  contain  respectively  the  results  for  each  cal- 
endar year,  and  for  the  six  months  of  each  year  from  June  to  Novem- 
ber, from  the  time  when  examinations  were  first  begun  in  June,  1887» 
to  the  end  of  1894. 

The  operation  of  the  Worcester  Precipitation  Works  has  continued 
through  the  year,  under  the  direction  of  skilled  chemists  and  engi- 
neers, and  numerous  examinations  of  the  sewage  and  effluent  have 
been  made  and  a  thorough  report  of  the  operation  of  the  works  pub- 
lished. The  State  Board  of  Health  has  made  no  special  examination 
of  the  works,  but  from  the  very  complete  statement  made  in  the 
report  of  the  superintendent  of  sewers  for  the  year  ending  Nov.  30, 
1894,  the  following  information  concerning  the  operation  of  the 
works  is  taken  :  — 

During  the  year  ending  Nov.  30,  1894,  an  average  of  12,500,000 
gallons  of  sewage  per  day,  or  a  total  of  about  4,562,000,000  gallons 
for  the  year,  were  treated  at  the  Worcester  Precipitation  Works, 
and  over  2,100  tons  of  quicklime  were  used,  making  the  amount  of 
lime  945  pounds  per  million  gallons  of  sewage.  The  sludge  removed 
from  the  sewage  during  the  year  contained  5,620  tons  of  dry  solids. 
With  regard  to  the  results  shown  by  the  chemical  examinations,  the 
following  quotations  from  the  report  just  referred  to  will  be  of 
interest :  — 

From  the  following  can  be  seen  and  compared  the  percentages  of  impurity 
for  the  year  1894  and  five  months  of  1893  :  — 

Ter  Cent,  Organic  Matter  Removed  from  Sewage, 


18M. 


1894. 


Per  Gent. 
ImproTement. 


Total  amoant  (by  evaporation),    . 
Amonot  In  ■aspeDrioD  (by  eraporation), 
Total  amount  (by  albuminoid  ammonia), 
Total  amount  (by  oxygen  conaumed),  • 


60.88 
90.87 
48.40 
88.06 


40.86 
04.46 
60.70 
48.84 


8.01 

4.1T 

4.78 

80.28 
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BIaACKSTONB  BIVBB. 

These  results  are  obtained  from  daily  analyses  of  samples  composed  of 
twenty-four  portions,  one  taken  every  hour,  and  consequently  give  a  fair 
idea  of  the  result  of  every  sixty  minutes'  work  in  the  365  days  of  1894. 
Thus  the  results  of  the  operation  of  the  plant  under  unfavorable  as  well  as 
favorable  circumstances  are  tabulated,  and  the  general  eflSciency  of  the 
plant  noted  therefrom,  which  seems  to  be  the  only  fair  way  of  judging  of 
any  such  work.  The  nearness  with  which  the  results  of  these  two  years 
agree  is  remarkable,  and  they  would  seem  to  show  that  the  grade  of  work 
has  been  raised  during  the  past  year,  as  the  figures  for  1894  include  the 
winter  and  spring  months,  which  bring  low  results  on  account  of  the  dilu- 
tion of  the  sewage,  while  those  of  last  year  include  only  the  driest  season, 
from  July  to  December. 

The  following  table  contains  the  monthly  averages  of  complete 
analyses  of  sewage  and  effluent  and  the  per  cent,  removed  by  treat- 
ment :  — 
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BLJLCKSTOKE  RIVKB. 

Averages  of  Chemical  Analyses  of  Water  from  the  Blackstone  River 

FOR  THE  Years  1888  to  1894,  inclusive. 

Blackstone  River  between  Mill  Brook  Channel  and  the  Sewage  PredpUation  Works, 

[Parts  per  100,000.] 


,  Kksiduk  ok 

1  EVArORA- 
TIOH. 

Ahxomia. 

• 

« 

1 

o 

NITBOOB* 

▲a 

• 

Lost  on 
Ignition. 

• 

I 

.2112 

Albomiiiold. 

1  i 

e 

7i 

• 

% 

mm 

7\ 

• 

Color. 

1 

.1040 

> 

s 
5 

'          pended. 

s 

1888 

0.04 

_ 

. 

_ 

1.21 

.0370 

.0029 

_ 

1880, 

0.76 

- 

- 

.2841 

.1198 

.0629 

.0560 

1.06 

.0235 

.0024 

- 

1890, 

0.82 

- 

- 

.1800 

.1024 

.0549 

.0475 

1.03 

.0367 

.0014 

- 

1801, 

0.80 

18.64 

4.00 

.3340 

.1563 

.0840 

.0728 

1.73 

.0833 

.0032 

4.6 

1892, 

0.71 

16.28 

4.85 

.2530 

.1262 

.0827 

.0635 

1.84 

.0812 

.0061 

4.9 

1893, 

0.08 

17.95 

4.88 

.1429 

.0603 

.0325 

.0277 

1.04 

.0180 

.0012 

4.6 

1804, 

0.86 

17.17 

5.58 

.0789 

.0570 

.0304 

.0266 

0.88 

.0195 

.0006 

3.7 

Blackstone  River  below  Sewage  Precipitation  Works, 


1888 

0.64 

. 

. 

.2112 

.1040 

. 

. 

1.21 

.0370 

.0029 

«. 

1889,    

0.76 

- 

- 

.2841 

.1198 

.0629  .0569 

1.06 

.0235 

.0024 

- 

1890 

0.74 

- 

- 

.2253 

.1177 

.0581 

.0596 

1.26 

.0381 

.0016 

- 

1891 

0.80 

15.62 

4.52 

.4080 

.1303 

.0695 

.0608 

1.91 

.0358 

.0031 

4.6 

1892 

0.63 

19.85 

5.29 

.3633 

.1442 

.0737 

.0705 

2.21 

.0278 

.0033 

7.2 

1893, 

0.74 

25.65 

6.54 

.3757 

.1447 

.0864 

.0583 

1.98 

.0869 

.0070 

7.4 

1894 

0.60 

26.75 

6.61 

.4228 

.1309 

.0946 

.0863 

2.13 

.0316 

.0047 

7.9 

Blackstone  River  at  Uxbridge. 


1888 

0.45 

. 

. 

.0979 

.0284 

m. 

m. 

0.61 

.0322 

1 
.0008 

^ 

1889, 

* 

f 

0.28 

- 

- 

.0992 

.0300 

.0191 

.0109 

0.60 

.0253 

.0009 

— 

1890, 

i 

0.26 

- 

- 

.1168 

.0214 

.0152 

.0062 

0.66 

'.0272 

.0006 

— 

1891, 

0.27 

8.32 

1.94 

.1647 

.0272 

.0107 

.0075 

;  0.77 

-.0396 

.0008 

2.8 

1892, 

0.21 

8.69 

1.90 

.2113 

.0222 

.0153 

.0069 

!  0.82 

.0326 

.0007  , 

j 

2.8 

1893, 

0.40 

9.45 

1.91 

.1003 

.0256 

.0167 

.0089 

1.00 

.0424 

.0029 

8.2 

1894, 

0.51 

10.80 

1 

1.97 

.1372 

.0242 

.0187 

.0055 

1.22 

.0460 

.0032 

4.0 

Blackstone  River  at  Millville. 


1888, 
1889, 
1890, 
1891, 
1892, 
1893, 
1894, 


0.47 

. 

1 

.0444 

.0268 

. 

_ 

0.44 

.0242 

.0005 

0.38 

- 

- 

.0450 

.0277 

.0206 

.0071 

0.43 

.0160 

.0004 

0.34 

- 

- 

.0587 

.0211 

.0162 

.0049  , 

0.46 

.0240 

.0004 

0.32 

6.05 

1.83 

.0807 

.0293 

.0194 

.0099  , 

0.65 

.0276 

.0006 

0.35 

6.08 

1.62  , 

.0896 

.0249 

.0180 

.0069 

0.64 

.0218 

.0004 

0.40 

6.23 

1.63 

.0800 

.0288 

.0225 

.0063 

0.66 

.0280 

.0008 

0.49 

6.37 

1.90 

.0528 

.0219 

.0173 

.0046 

0.73 

.0232 

.0008 

1.0 
1.8 
2.0 
2.6 
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BliACKSTONB  RIVEB. 

Aybrages  of  Chemical  Analyses  of  Water  from  the  Blackstone  River 
FOR  Six  Months  from  June  to  November,  inclusive,  of  Each  Year 
FROM  1887  TO  1894. 

Blackstone  River  between  Mill  Brook  Channel  and  the  Sewage  Precipitation  Works, 

[ParU  par  100,000.] 


MONTH& 

1 

1 

Rksiddk  on 

EVAPOBA- 
TIOW. 

Ammonia. 

1 

4 
1.35 

MiTBOOKV 

AS 

a 

• 

1 

Albuminoid. 

S 

s 

l 

n 

r 

.1 

.1741 

1 

• 

1 

m 

June-NoT 

.,  1887,  . 

0.91 

.2686 

- 

.0160 

- 

- 

i«   f« 

IBBVf  ... 

0.76 

1 

- 

.2668 

.1112 

.0557 

.0555 

1.60 

.0882 

.0041 

- 

41      M 

1888,  . 

0.80 

- 

« 

.3980 

.1430 

.0772 

.0658 

1.32 

.om 

.0026 

- 

«•      «t 

1890.  ..    . 

1.14 

9.02 

3.08 

.2107 

.1246 

.0673 

.0573 

1.07 

.0250 

.0015 

2.9 

■«      M 

1891,  . 

1.10 

17.42 

5.60 

.4913 

.1950 

.1127 

.0823 

2.20 

'.0192 

1 

.0087 

5.0 

U      l« 

1892,  . 

0.52 

20.75 

6.80  . 

.3647 

.1433 

.0708 

.0725 

2.43 

.0287 

.0108 

6.1 

M      ft 

1808,  . 

0.40 

.  16.98 

4.55 

.1480 

.0588 

.0240 

.0848 

1.01 

.0115 

.0015 

6.8 

•i      H 

1804,  . 

o.ao  ; 

1 16.98 

1 

4.76  < 

.0548 

.0880 

.0286 

.0144 

0.74 

.0115 

.0005 

4.4 

1 

Blackstone  River  below  Sewage  Precipitation  Works, 


Jone-NoT., 

,  1887,  .   .   . 

0.01 

« 

. 

.2686 

.1741 

. 

- 

1.85  ! 

[ 

.0160 

- 

- 

•<   •« 

0.76 

1   - 

. 

.2658 

.1112 

.0667 

.0556 

1.50  ! 

.0382 

.0041 

- 

41      «t 

1889,  . 

0.86 

- 

.8980 

.1480 

.on2 

.0658 

1.82 

.0177 

.0026 

- 

■f      •• 

1890,  . 

0.97 

11.36 

3.10 

.2907 

.1492 

.0722 

.0770 

1.46  , 

.0270 

.0018 

8.9 

•4      «t 

1891,  . 

1.05 

122.25 

6.60 

.6367 

.1508 

.0683 

.0625 

2.61 

.0288 

.0040 

6.2 

4t      «« 

1802,  . 

0.68 

1 26.80 

7.75 

.5240 

.1810 

.0058 

.0852 

8.18  ■ 

.0187 

.0060 

10.8 

M      M 

1893,  .    .   . 

0.51 

30.00 

7.13 

.5600 

.1453 

.0000 

.0668 

2.76 

.0286 

.0126 

10.9 

41      4f 

1894,  . 

0.40 

29.30 

5.86 

.6189 

.1890 

.1113 

.02n 

2.63 

.0212 

.oon 

10.6 

Blackstone  River  at  Uxbridge, 


June-NoT., 

1887,  ..   . 

0.89 

. 

. 

.1120 

.0271 

- 

- 

0.79 

.0860 

- 

1 

ft   •• 

loCW,  •    •    • 

0.88 

6.42 

1.52 

.1155 

.0288 

.0222 

.0066 

0.68 

.0810 

.0007 

- 

a    M 

1889,  . 

0.82 

- 

- 

.1183 

.0296 

.0192 

.0104 

0.66 

.0883 

.0009 

- 

«•   «• 

1890,  .    .   . 

0.26 

8.86 

2.12 

.1629 

.0281 

.0174 

.0057 

0.79 

.0250 

.0006 

2.9 

M     <1 

1801,  .   . 

0.20 

10.16 

2.61 

.2280 

.0175 

.0117 

.0058 

1.04 

.0425 

.0007 

j  3.6 

M     M 

1892,  . 

0.18 

9.86 

1.88 

.2840 

.0227 

.0162 

.0065 

0.99 

.0813 

.0007 

1  3.1 

•«     «« 

1893,  . 

0.24 

11.74 

2.87 

.1085 

.0207 

.0140 

.0067 

1.20 

.0628 

.0050 

.  4.2 

4<     «« 

1894,  . 

0.35 

13.07 

2.08 

.1456 

.0248 

.0188 

.0060 

1.57 

.0678 

.0050 

4.9 

Blackstone  River  at  MUlville, 


Jnne-NoT., 

1887.  .   . 

0.31 

. 

. 

.0468 

.0220 

. 

i  0.51 

.0210 

- 

- 

4C 

It 

0.41 

5.22 

1.40 

.0467 

.0296 

.0233 

.0068 

1  0.60 

.0278 

.0004 

- 

U 

11 

1889,  . 

0.88 

- 

. 

.0499 

.0273 

.0213 

.0060 

0.45 

.0167 

.0006 

- 

M 

•f 

1890,  . 

0.26 

6.71 

2.24 

.0736 

.0196 

.0152 

.ooa 

0.53 

.0229 

.0008 

2.3 

■  • 

11 

1891,  . 

0.24 

7.48 

2.85 

.1105 

.0384 

.0234 

.0160 

0.72 

.0808 

.0006 

2.2 

« 

41 

1892,  . 

0.37 

6.70 

1.62 

.1143 

.0204 

.0210 

.0084 

0.63 

.0217 

.0002 

2.0 

M 

M 

1898,  . 

0.23 

7.48 

1.73 

.0677 

.0119 

.0087 

.0081 

'  0.77 

.0885 

.0011 

2.6 

t* 

«t 

1884,  . 

0.47 

8.42 

2.16 

.0510 

.0172 

.0130 

.0083 

0.89 

.0273 

.0012 

2.8 
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BI«ACKSTON£  BITJSB. 

ChemiccU  Examination  of  Water  from  Blackstone  Biver,  between  MUl 

[ParU  per  100,000.] 


1 

.^ 

Appbaramck. 

RltlDUa  OV  EVAPOSATIOV. 

TaiMdltj. 

Sediment 

.. 

TOTAL  SatlDUB. 

LOSS  OV  lOVXTIO*. 

• 

1 

■ 

i 

9 

1 

6 
3 

1 

il 

il 

1 

1- 

si 

» 

O 

H 

A 

& 

tH 

Q 

so 

18»«. 

1 

11644 

Jan.    16 

Thick. 

Heavy,  dark. 

1.10 

35.20 

18.00 

22.20 

12.20 

5.40 

6.80 

2 

11767 

Feb.    18 

Decided. 

Heavy,  dark. 

0.80 

12.20 

10.00 

2.20 

4.60 

3.0U 

1.60 

11888 

Mar.  13 

1  Decided. 

Heavy,  gray. 

1.20 

10.00 

8.20 

2.40 

8.60 

2.60 

1.00 

12072 

Apr.  17 

Decided. 

Cont. 

1.00  ! 

13.20 

6.60 

6.00 

4.80 

1.00 

3.80 

12224 

May    15 

'  Decided. 

Heavy,  maty. 

0.30  , 

17.20 

10.80 

6.40 

8.40 

4.40 

4.00 

12809 

Jane  19  |  Decided. 

Heavy,  ratty. 

0.90  1 

30.20 

25.00 

5.20 

12.40 

10.80 

2.10 

12560 

Joly  17 

Distinct,  yellow. 

Cont.,  rutty. 

1.10 

12.20 

9.00 

3.20 

- 

- 

- 

12740 

Aug.  14 

'  Decided,  milky. 

Heavy,  mtty. 

1.10 

12.20 

7.90 

4.30 

2.40 

2.10 

0.80 

12974 

Sept.  18 

Decided. 

Heavy,  rutty. 

0.12 

16.00 

18.00 

3.00  , 

8.20 

8.10 

0.10 

10 

18154 

Oct.    17 

;  Dlttinot,  milky. 

Oont.,  rutty. 

0.05 

17.20 

16.40 

0.80  , 

8.80 

8.60 

o.ao 

11 

13348 

Nov.  20 

:  Decided. 

Heavy,brown. 

0.68 

13.80 

10.60 

3.20  1 

2.00 

1.20 

0.80 

12 

18518 

Doo.    18 

Decided. 

Gone.,  rutty. 

1.40 

16.00 

12.20 

8.80 

4.00 

2.20 

1.80 

18 

At. 

0.86 

17.17 

11.89 

5.28 

1 

5.58 

8.54 

2.04 

Odor,  offentive. The  tamplee  were  collected  from  the  river  about  200  feet  below  the  iron  bridge. 

No.  13154  was  collected  on  Wednetday  and  the  remaining  tamplet  on  Tnetday.    The  tamplea  were  col- 
lected at  variont  hoart  between  8.20  a.m.  and  3.20  p.m. 


Chemical  Examination  oj  Water  from  Blackstone 

[Parte  per  100,000.] 


a 

of 
Collection. 

APPBAaAKCK. 

RatlDUK  OH  EVAPOKATIOH. 

Turbidity. 

Sediment. 

^ 

TOTAL  BKtIDUI. 

'    Lost  OS  IGNITIOa. 

■ 

1 

i. 

i 

o 

t 

i 

a 

1 

1 

1 

il 

si 

i^ 

it 

K 

Q 

o 

H 

O 

OD 

H 

A 

00 

18»4. 

1 

11645 

Jan.    16 

Thick. 

Heavy,  dark. 

1.20 

36.00 

18.40 

17.60 

10.20 

5.20 

5.00 

2 

11758 

Feb.    13 

Decided. 

Heavy,  gray. 

0.55 

17.20 

13.20 

4.00 

5.40 

2.60 

2.80 

3 

11884 

Mar.  13 

DIttiDCt. 

Heavy,  rutty. 

0.40 

16.40 

10.60 

5.80 

5.60 

2.80 

2.80 

4 

12073 

April  17 

Decided. 

Cont. 

1.80 

14.20 

10.40 

3.80 

4.40 

2.60 

1.80 

5 

12225 

May    15 

Decided. 

Heavy,  rutty. 

0.58 

17.60 

12.40 

5.20 

8.00 

8.20 

4.80 

6 

12400 

June  19 

Decided. 

Cont.,  brown. 

0.70 

18.90 

15.40 

3.50 

4.00 

2.80 

1.20 

7 

12561 

July  17  1 

Decided,  yellow. 

Cont.,  rutty. 

0.30 

16.20 

12.70 

8.50 

- 

. 

. 

8 

12750 

Aug.  14  j 

Decided,  milky. 

Cont.,  yellow. 

0.80 

39.70 

38.70 

1.00 

6.30 

6.80 

0.00 

9 

12975 

Sept.  18  ' 

Decided. 

Heavy,  brown. 

0.70  , 

32.40 

29.20 

3.20 

5.40 

5.20 

0.20 

10 

18155 

Oct.    17 

Dittinct,  milky. 

Cont.,  rutty. 

0.10 

41.40 

39.20 

2.20 

8.20 

7.20 

1.00 

11 

13349 

Nov.  20  1 

Decided. 

Heavy,  brown. 

0.30 

27.20 

24.80 

2.40 

5.40 

5.40 

0.00 

12 

13514 

Dec.  18 

Decided. 

Heavy,  brown. 

0.27 

31.80 

23.60 

8.20 

5.08 

1 

0.80 

6.20 
4.50 

8.60 

13 

Av. 

0.60 

25.76 

20.72 

6.61 

2.11 

1 

Odor,  offentive.-— The  tamplet  were  collected  from  the  river  above  Millbury  and  below  the  point 
where  the  effluent  from  the  Worcetter  Precipitation  Workt  entert  the  river.  No.  13155  waa  collected 
on  Wednetday  and  the  remaining  tamplet  on  Tueeday.  The  tamplet  were  collected  at  variont  hourt 
between  8.80  a.m.  and  8.25  p.m. 
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BIiACKSTONX  BIVSB. 

Brook  Channel  and  the  Woreeater  Sewage  Preeipitation  Works. 

[Paru  par  100,000.] 


AXMOIIIA. 

i 

NlTBOOBX  AS 

IXOK. 

i 

^^ 

ALBUMIMOID 

. 

i 

• 

1 

1 

1 

1 

1 

i 

A"' 

a 

Itra 

§ 

1 

1 

1 

u* 

k* 

A 

00 

^     1 

% 

9^ 

P 

£ 

n 

.2660 

.1040 

.0040 

.1000 

1.41 

.0160 

.0002 

1.1400 

.1300 

2.0 

1 

.1280 

.0790 

.0400 

.0300  , 

1.24 

.0450 

.0008 

.8200 

.I960 

2.6 

8 

.0800 

.0590 

.0320 

.0200  < 

.80 

.0300 

.0009 

.4900 

.2800 

1.7 

8 

.0480 

.0570 

.0230 

.0840 

.83 

1   .0250 

.0008 

1   .7300 

.3600 

1.7 

.0160 

.0370 

.0110 

.0200 

.70 

.0200 

.0001 

2.0800 

1.8600 

5.9 

.0520 

.0200 

.0170 

.0120  : 

.00 

.0030 

.0001 

8.8900 

6.0000 

10.1 

.0384 

.0370 

.0214 

.0156 

.61 

.0060 

.0009 

.8200 

.1350 

1.9 

.1200 

.0760 

.0530 

.0230  , 

.49 

.0050 

.0004 

.7000 

.2000 

2.2 

.0868 

.0304 

.0168 

.0136  ' 

.60 

.0050 

.0004 

.4700 

.0660 

8.1 

.0480 

.0250 

.0100 

.0060  ; 

1.15 

.0200 

.0006 

.4400 

.8600 

6.4 

10 

.0836  1 

.0308 

.0146 

.0162 

.61 

.0300 

.0009 

.9000 

.2700 

8.0 

11 

.0304 

.0872 

.0236 

.0136  1 

1 

1.25 

.0300 

.0011 

.9200 

.4800 

3.6 

IS 

.0739 

i 

.0570 

.0304 

.02M 

.88 

.0195 

.0006 

1.5838 

.8197 

8.7 

18 

Microscopical  Examination. 

No.  12560.    No  orgmnlsms. 

No.  13348.    DlAtomacMD,  Syrudra,  60.    InfatorU,  JToium,  60.    Hlic«U«n6oafl,  Zo^gUmi,  10,800. 
Total,  10,900. 

The  other  Munplee  were  not  examined. 

River  below  the  Worcester  Sewage  PrecipilcUton  Works. 

[Parte  per  100,000.] 


AmfONiA. 

hloriae. 

NiTBOOKN  AS 

iROll. 

1 

8 

-~- 

ALBTTMIKOID 

. 

• 

1 

J 
1 

e 

1 

• 

1 

■ 

1 
i1 

1 

h 

H 

Q 

IB 

o 

^ 

K 

D 

c 

GO 

.4400 

.2000 

.1160 

.0840 

1 

2.43 

.0820 

.0025 

.6400 

.1900 

6.4 

.2280 

.0810 

.0450 

.0860 

1.40 

.05i)0 

.0018 

.7800 

.1260 

4.6 

.1160 

.0560 

.0290 

.0270 

1.07 

.0200 

.0014 

1.9600 

1.0000 

4.6 

.0920 

.0600 

.0820 

.0280 

1.11 

.0370 

.0015 

.7600 

.3800 

8.1 

.1560 

.0560 

.0280 

.0280 

l.U 

.0300 

.0022 

1  1.4800 

.3200 

4.9 

.2720 

.0900 

.0640 

.0360 

1.82 

.0100 

.0008 

.6650 

.0500 

6.4 

.1376 

.0570 

.0320 

.0244 

1.26 

.0000 

.0000 

.8000 

.0540 

4.0 

1.8080 

.3410 

.3050 

.0360 

4.60 

.0100 

.0300 

■   .1500 

.0080 

14.2 

.4800 

.1270 

.0780 

.0490 

3.44 

.0020 

.0000 

.1600 

.0400 

11.1 

.6800 

.1280 

.1180 

.0100 

3.02 

.0370 

.0080 

.1740 

.0260  ' 

17.9 

10 

.3360 

.0910 

.0800 

.0110 

1.05  ' 

.0680 

.0042 

.4200 

.1200  1 

10.3 

11 

.3280 

.2840 

.2180 

.0660 

2.56  , 

2.13 

1 

.0780 

.0050 

1.2400 

.0800  1 

8.7 

12 

.4228 

.1300 

.0946 

.0863 

.0316 

.0047 

.7091 

.1995 

7.9 

18 

Microscopical  ExamincUion. 

"So.  1S349.    lofDftoria,  Ciliated  injktiorian,  100;  Mona$,  100;  Hltcellarcoat,  Zoog/aa,  3,200.    Total, 


9,m 


Tbe  other  Bsmplen  were  not  examtoed. 
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BLACK8TONX  BITBB. 

Chemical  Examiruiiton  oj  Water  from  Blackttone  Siver  at  Uxbndge. 

[ParU  par  100,000.] 


Iron,  delennlnsd  uller  ittMt  bad  b«D  mtend  ihroDib  Bller-piper,  .OSM.    Odor,  (entrmll;  maM;, 

occulonBlIy  dliBgnnble  ot  offenitiB, The  umplH  wan  eollesLed  trom  Iba  uoal  leading  frain  Ihg 

uppar  dam  of  tba  Calumal  Woolan  Compaor  to  :he  mill,  Joat  bafon  tba  waMr  paaaed  the  acreoDa. 


^tCTWCOpfuirf  Examination. 

led  Irom  ISti  lo  3,U0  par  CBbie  ««DI1ine(or,  >Dd 


No.  34.] 
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BI.ACE8TONB  BTVXB. 

CAem*ea{  Examination  of  Water  from  Blackalone  River  at  MillviUe,  Blackstone. 

[Paru  par  100,000.] 


Date  of  Collection. 

APPBABAKOa. 

RK8ID 
EVAF 

TIC 

UK  ON 
OKA- 

,1 

AmiOMIA. 

j 

NlTROOBM 
AK 

■ 

8 

1 

9 

Sediment 

■ 

^ 

i 

Albuminoid. 

• 

f 

• 

1 

a 

• 

1 

•^1 

QQ 

1 

1 

ISM. 

11652  :  Jut.  18 

DlsUnet. 

Slight 

0.60 

6.30 

1.10 

.0680 

.0100 

.0060 

.0040 

.59 

.0180 

.0004 

.4345   2.7 

1 
11776   Feb.  15 

milky. 
Diatinet, 

Cone., 

0.50 

6.30 

1.80 

.1280 

.0470 

.0340 

1, 
.0130     .69 

.0220 

.0005 

.4240 

2.6 

11899.  Mar.  15 

milky. 
Slight, 

rnety. 
V.  aUgbt 

0.65, 

4.80 

1.40 

.0344 

.0192 

.0174  .0018 

.40 

.0180 

.0005 

.4480 

1.6 

12074 

Apr.  19 

!      milky. 
Diatinot. 

Cona. 

0.63 

5.00 

1.60 

.0384 

.0222 

.0190 

.0032 

.46! 

.0250 

.0003 

.8978 

1.7 

12237 

May  17  j^  Diatinot. 

Cona. 

0.08 

5.80 

2.00 

.0268 

.0192 

.0186 

.0056 

.52 

.0170 

.0008 

.8861 

1.9 

12412 

Jane  21 

Slight. 

Slight. 

0.65 

7.90 

2.10 

.0540 

.0210 

.0160  .0060 

.76 

.0450 

.0080 

.8012 

2.9 

12587 

July  19 , 

milky. 
DlftUnct. 

ruety. 
Slight, 

0.30 

7.20 

3.10 

.0056 

.0184 

.0162 

.0032 

.74 

.0200 

.0004 

.8080 

2.2 

1 
12768   Aug.  16 

Slight. 

yellow. 
Slight. 

0.48 

7.70 

1.60 

.0042 

.0188 

.0154 

.0084 

.83 

.0300 

.0005 

.3234 

2.4 

19005  ,  Sept.  20 

milky. 
Slight. 

Slight. 

1 
0.45 

7.80 

1.75 

.0296 

.0150 

.0136 

.0014 

.89 

.0320 

.0013 

.3849 

2.7 

1                1      milky. 
13171    Oot.  18  .  Slight. 

Slight. 

0.28 

9.40 

1.80 

.1120 

.0210 

.0160 

.0050 

1.10 

.0200 

.0014 

1 
.8566 

8.2 

13357   Not.  21 

milky. 
Dietinct. 

Slight. 

0.65 

;I0.60 

2.60 

.1440 

.0260 

.0200 

.0060 

1 
1.04 

.0170 

.0007 

.4992 

3.6 

13535   Deo.  20, 

Dietinct, 

Slight. 

0.63    7.80 

2.00 

.1320 

.0420 

.0340,  .008o' 

.72 

.0160 

.0003 

.6300 

2.0 

I 

milky. 

1 

1 

1 

At. 

' 

0.49  1   A-37 

1.90 

.0647 

.0283 

.0183 

.0060     t^ 

.0282 

.0008 

.4085 

2.5 

t        1 

Iron,  determined  after  water  had  been  filtered  through  fllter.paper,  .0506.    Odor,  musty  and  oeoa- 

alonally  disagreeable  or  offenalTO. The  samples  were  collected  from  the  river  Just  above  the  dam  in 

the  Tillage  of  Millville. 


Microscopical  Examination, 

The  number  of  organisms  found  in  these  samples  varied  from  119  to  1,602  per  cubic  centimeter  and 
averaged  550,  Zooglcea  beln§;  generally  the  most  abundant  and  averaging  248* 
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CHABIiES  BIVIBB. 

Charles  River. 

Chemical  Examination  of  Water  from  the  Charles  River  at  South  Natiek, 

[ParU  per  100,000.] 


9^ 


11679 
11728 
11880 
12164 
12240 
12306 
12465 
12660 
12881 
18040 
18247 
18424 


Av. 


1M4. 

Jan.  24 

Feb.  7 
Mar.  1 
May   3 

May  16 
Jane  4 
Jnly  2 
Aug.  6 
Sept.  4 
Oct.  1 
Nov.  1 
Dec.  3 


Appiaxahob. 


t 


i 


a 


y .  slight. 

SUght. 

SUght. 

V.  slight. 

Slight. 

V.  slight. 

None. 

V.  slight. 

Slight. 

Slight. 

Slight. 

V.  slight. 


V.  slight. 

Slight. 

Blight. 

Slight. 

Slight. 

Slight. 

Slight. 

V.  slight. 

Slight. 

Slight. 

V.  slight. 

V.  slight. 


0.80 
0.75 
0.85 
1.20 
1.20 
1.55 
0.85 
0.60 
0.50 
0.45 
1.20 
1.25 


0.98 


Rksiditk  on 

EVAPOIA- 

noir. 


e 


.be 


3 


4.76 
4.85 
4.80 
4.80 
3.05 
4.75 
4.15 
4.85 
5.65 
5.26 
6.15 
5.66 


4.84 


1.65 
1.60 
1.60 
2.20 
1.95 
2.45 
1.86 
1.50 
2.00 
1.55 
3.10 

2.40 : 


AjUfONXA. 


Albaminold. 

• 

• 

i 

i 

i1 

4§ 
0  a 

^ 

H 

Q 

CO 

1.99 


.0004 
.0026 
.0006 
.0008 
.0010 
.0014 
.0004 
.0016 
.0000 
.0000 
.0012 
.0004 


.0009 


.0124 
.0210 
.0174 
.0288 
.0220 
.0296 
.0280 
.0214 
.0208 
.0194 
.0294 
.0194 


.0216 


.0110 
.0186 
.0156 
.0206 
.0202 
.0280 
.0212 
.0192 
.0200 
.0164 
.0272 
.0172 


.0196 


.0014 
.0024 
.0018 
.0082: 
.0018 
.0016 
.0018 
.0022 
.0008 
.0080 
.0022 
.0022 


,0020, 


B 
1 


.40 
.41 
.36 
.36 
.31 
.28 
.33 
.40 
.48 
.60 
.71 
.48 

.43 


Nrboobv 


9^ 


.0090 
.0120 
.0050 
.0000 
.0000 
.0080 
.0000 
.0040 
.0000 
.0000 
.0080 
.0070 


.0086 


.0000 

.0001 

.0000 
.0000 
.0000 

I 

.0000 

I 

.0000 
.0000 

.0001 
.0000 
.0000 

.0000 


.0000 


I 

a 

g 

M 

o 


n 


.7450 

.7640 

.7984 

.98760 

.7426 

1.2074 
.7084 
.5605 
.4607 
.4858 

1.0164 
.0586 


.7820 


1.4 
1.3 
1.8 
.9 
1.3 
1.8 
1.6 
1.1 
1.4 
1.8 
1.8 
1.7 


1.4 


Odor,  Tegetable  and  frequently  also  mouldy. The  samples  were  collected  from  the  riyer  above 

the  dam  at  South  Natiek.    The  samples  were  collected  in  connection  with  an  investigaUon  for  a  metro- 
politan water  supply  for  Boston  and  its  suburbs. 

Microscopical  Examination. 

Average  number  of  organisms,  70  per  cubic  centimeter. 


Deerfield  River. 

The  reply  of  the  State  Board  of  Health  to  the  town  of  Deerfield 
with  reference  to  the  pollution  of  the  Green  River,  a  tributary  of 
the  Deerfield  River  in  that  town,  may  be  found  on  pages  63  and  64 
of  this  volume.  The  results  of  examinations  of  samples  of  water 
collected  from  the  Deerfield  and  Green  Rivers  in  connection  with 
the  investigation  of  the  pollution  of  the  latter  stream  are  given  in 
tables  on  pages  381  and  382. 

The  results  of  examinations  of  the  Deerfield  River  at  Shelburne 
Falls  made  in  connection  with  the  investigations  for  a  metropolitan 
water  supply  for  Boston  and  its  suburbs  are  given  below. 


No.  34.] 
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DJUUtFIBLD  BTVIEB. 

CSIemiool  ExamtiuUion  of  Water  from  the  LeerJMd  Biver  above  Shelbume  Fallt. 

[PWU  pw  100,000.] 


• 

a 


I 


a 
o 

1 

s 


Appbaxavcb. 


11080  JftD.  12  None. 


1182» 
13186 
12444 
U480 
19870 
12876 
13283 
134M 


I 


Mar.  1,'Dtotlnet. 

'I 

MaylO.ISllRht. 


Av. 


JaneSS  ,  Nooe. 
July  6i  V.aUght. 
Aag.  6    v.  •light 

I 

8n»t'  *\  V.sHght. 


Not.    7,  v.  slight. 
Dm.  6    y.  slight 


Odor,  faintly  Tegetable  or  none,  becoming  eomewhat  stronger  on  heating.  —  The  samples  were  col- 
lected from  the  riyer,  abont  a  mile  abore  the  bridge  in  the  Tillage  of  Shelbame  Falls,  In  connection  with 
an  InToetlgation  for  a  metrc^Mlitan  water  snpply  for  Boston  and  ill  suburbs. 


MicroseopiccU  ExamincUion, 

Average  number  of  organisms,  66  per  enbio  centimeter. 


Chemic€U  Examination  of  WaUrJrom  the  Deerfleld  River  at  Deerfield. 

[Parte  per  100,000.] 


a 


S 

8 
I 


1904. 

8ept.lO 

Sept.lO 


AFFKAKAVOa. 


1 

o 


I 

I 


6 


V.sUght. 
V.  slight. 


V.sUght. 

V.  slight, 
brown. 


Bssinna  on 

Btapora- 

noM. 


a 


a 
o 

2& 


5" 


0.18    4.06 
0.10    6.60 


1.16 
1.85 


AinfOKU. 


Albuminoid. 


.0012 
.0078 


£ 


.0096 
.0102 


is 


.0076 
.0088 


I 

00 


.  i 


.0020  .10 

I' 
.0014  .20 

:i 


NlTBOOIlf 

▲s 


I 

.0030.0000 

I 
.0030  .0010 


IS 
a 
S 

e 

8 

& 
O 


.1617   2.7 

I 

.1468   2.0 


Odor,  none. The  first  sample  was  eollected  from  the  Deerfleld  River  Just  above  the  month  of 

the  Green  River;  the  seoond  from  the  Deerfleld  River  below  the  Green  River,  under  the  bridge  of  the 
Gonneeticat  River  Railroad. 

Microscopical  Examination. 

No.  12B82.  Dlatomaoen,  Cymbella,2;  Pinnularia,2;  5yn«<fra,  12;  TabellaHot  1.  Cyanopbyo<'9, 
MicroeifatU,  1.  Algae,  ffyalothtca,  8;  Jfephrocytium,  2.  Fungi,  Ortnolhrlx,  8;  Jfoldt,  2.  Infusoria, 
JPttridinium^  8.    Miscellaneous,  ZoSglaa,  56.    Total,  07. 

No.  12083.  Diatomaoes,  (^fmMla,  7;  Ifavleuta,  1;  Synedra,  1.  Alga,  /V^<a«<rum,  1;  Scenedtt- 
m««,  2.    Fangl,  OenoMHs,  100.   Infusoria,  iVIdintum,  5;  rrocA^tomonas,  1.    Total,  118. 
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DBBRFIELD  BITXIt. 

Chemieat  Exatmnalion  of  Water  from  the  Oreen  Siver  in  (ireenfleld  and  Deerfitld. 


Microscopical  Examination. 


i.lMM.    mt.lomicem,(^m&ella, 

4;  Dlalofna, 

I;  Pinnularla.a;  Sipitdra.V. 

M.    Total,  fll. 

:  12M1.     DllIainseoB,  Ootcoaill, 

X;  S^tdra.ax  Ta 

.  a.    AlgB,  P^dlailnm.  »;  Scf, 

udMmu*.  «; 

.aUr<i,  410.    ahti 

Amaba,  i.    lafuKiili,  Kitglena,  1 

I;  JTonai,  1. 

HOOBAO  RiVEB. 

Regular  monthly  examinations  of  the  water  of  this  river  have  been 
made  during  the  year  1894  with  a  view  to  determining  the  extent  to 
which  it  13  polluted  by  sewage  and  manufacturing  wastes  from  the 
towns  and  villages  on  its  water-shed.  The  samples  were  collected 
at  Williamstown  about  five  miles  below  North  Adams,  the  largest 
town  on  the  water-shed.  Regular  monthly  examinations  of  the  river 
were  made  in  the  years  1887  to  1889,  and  the  average  results  ob- 
tained in  those  years  are  given  in  the  table  of  averages  by  years  fol- 
lowing the  analyses  of  1894. 
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HOOSAC  BIVEB. 

Chemieal  Examination  of  Wakrfrom  the  Hoo8<tc  River  at  Williamstown. 

[Parte  per  100.000.] 


a 

a 


g 

i 

s 

6 

o 
S 

5 


Appbarakos. 


11671 
11738 
11875 
12048 
122ie 
12881 
1SS48 
12758 
129T0 
13147 
13316 
13510 

At. 


5> 

5 

a 


3 
CO 


§ 


18»4. 

Jan.  28 

Feb.  10 
Mar.  12 
Apr.  16 
Mayli 

JtllMiS 

July  15 
Aag.14  ■ 
Bept.l8 
Oet.  17 
Nov.  20 
Deo.  18 


DUtioet. 

Dtotlnct, 

milky. 

DUtinct. 

V.  slight. 

SUgbt. 

Decided. 

DladDot. 

Dtetlnct. 

SUgbt, 

milky. 
SUgbt. 

DUtlnot. 

SUgbt 


Cone., 

wbite. 
Com , 

gray. 
Cone., 

gray. 
Cods. 

Cons. 

Cons. 

Cooa., 

browD. 
Cons.t 

brown. 
Cons., 

gray. 
Slight, 

gray. 
Heavy, 

gray. 
Cons., 
white. 


0.02 
0.05 
0.10 
0.12 

I 

0.20 
0.30 
0.80 
0.85 
0.45 
0.60 
0.30 
0.12 


Rksiduk  ok 
Etapoba- 

TIOW. 


o 
H 


0.28 


10.45 

10.70 

4.00 

6.00 

0.00 

13.00 

16.90 

17.55 

15.00 

111.00 

8.00 

6.90 

10.77 


S 


1.70 
1.46 
0.00 
1.20 
1.70 
2.26 
4.00 
2.55 
8.40 
2.65 
1.60 
2.20 


AKMOiriA. 


Albuminoid. 

• 

j 

i 

^1 

h 

^ 

Q 

«3** 

.0026 
.0004 
.0022 
.0062 
.0164 
.0124 
.0221 
.0850 
.0228 
.0004 
.0070 
.0052 


2.18 


.0111 


.0108 
.0304 
.0152 
.0128 
.0184 
.0400 
.0880 
.0888 
.0886 
.0268 
.0860 
.0188 


.0265 


.0076 
.0162 
.0130 
.0074 
.0130 
.0250 
.0266 
.0278 
.0242 
.0106 
.0114 
.0106 


.0160 


.0032 
.0142 
.0022 
.0054 
.0054 
.0240 
.0064 
.0054 
.0144 
.0072 
.0246 
.0082 


.0006 


i 


.28 
.87 
.08 
.17 
.20 
.40 
.64 
.69 
.72 
.30 
.24 
.17 


.85 


NiTBOOBV 


.0800 
.0800 
.0120 
.0120 
.0150 
.0070 
.0060 
.0100 
.0050 
.0100 
.0210 
.0280 


.0157 


.0002 
.0000 
.0002 
.0004 
.0005 
.0016 
.0016 
.0008 
.0080 
.0018 
.0004 
.0001 


% 


a 

6 

a 


i 


.0009 


.3278 
.2744 
.2560 
.1020 
.2801 
.3704 
.4166 
.8784 
.4081 
.6488 
.8276 

9fU0 

.3421 


7.6 

7.4 

8.2 

4.2 

6.0 

8.7 

10.8 

11.6 

10.6 

7.1 

5.7 

4.2 

7.3 


Averages  by  Tears. 


1887* 

- 

- 

0.21 

11.60 

1 
1.28  1 

1 

.0057 

.0178 

- 

- 

.22 

.0239 

- 

- 

1888 

- 

- 

0.10 

10.21 

1.65 

.0040 

.0187 

.0143 

.0044 

.24 

.0806 

.0010 

- 

18801 

- 

- 

0.08 

8.74 

1 

1.18 

.0071 

.0102 

.0104 

.0058 

.18  , 

.0254 

.0006 

- 

1804 

- 

- 

0.23 

10.77 

2.13 

.0111 

.0266 

.0169 

.0096 

.35 

.0157 

.0009 

.8421 

7.8 


*  Jane  to  Deeember. 


t  Janoary  to  May. 


NoTB  to  analyaee  of  1804:  Odor,  generally  decidedly  mnsty,  frequently  also  disagreeable.— -The 
samples  were  ooUeeted  from  the  river  at  the  bridge  near  the  WUliamstown  station  on  the  Fltehburg 
Ballroad. 


Microsoopical  Examination. 

The  average  number  of  organisms  per  euble  centimeter  found  In  theae  samples  was  688  and  con. 
listed  in  most  eases  chiefly  of  ZodgUxa.  The  highest  number  found  Ui  an^  one  month  was  4,242  \n  0«tg, 
ber,  consisting  almost  wholly  of  Crenoihri^^ 
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Hous ATONIC  River. 

(Jhemical  ExamincUion  of  Water  from  the  Housatonic  River  at  New  Lenox. 

[Parts  per  100,000.] 


a 


g 

I 

e 
CI 


11680 
11803 
11921 
12075 
12275 
12430 
12016 
12797 
18036 
13200 
18998 
13515 


ISM. 

Jao.  24 

Feb.  22 
Mar.  19 
Apr.19 
lla7  22 
JnDe25 
July  25 
Aug.2I 
8ept.27 
Got.  23 
Nov.  27 
Deo.  18 


APPKAlAaOB. 


• 

3 


« 

GO 


!  rssidukom 
Evapora- 
tion. 


o 
o 

O 


Av. 
Ay. 


1894 
1893* 


Blight, 

milky. 
Distinct. 

Slight. 

Distinct. 

Distinct. 

Slight. 

Slight. 

Slight. 

Distinct. 

Distinct, 
milky. 

Distinct, 
milky. 

Slight. 


Cons. 

OODS. 

Cons. 

Cons. 

Cons. 

Slight, 

brown. 
Slight. 

Slight. 

Cons., 

brown. 
Slight. 

gray. 
^  t. 

Cons., 
gray. 


I 


e 

4 


Ammoxxa. 


Albuminoid. 


o 
H 


> 
J5  « 


0.10    10.30    1.85 


0.10.   9.70 


0.15 

I 

0.22 
0.25 

o.4o: 

0.20 

I 

0.83 
0.40 
0.45 
0.30 


8.10 
9.75 
10.50 
12.00 
11.35 
14.45 
14.00 
14.70 
11.35 


0.40    10.20 


0.27 

0.30 

I 


1.25 
1.85 
1.75 
1.80 
2.50 
2.25 
2.75 
2.50 
2.90 
1.95 
2.20 


•o    I  • 

«  a 

"2  !'  "C 

I   B   ii  O 
I 


.0028  .0074  .0050  .0024  .18 
.0042.0160.0118.0042  .17 

'        i        I        " 

.(3042  .0144  .0094!. 0050  '.16 


NiTROOKK 
AS 


t 


V     I 


'A 


•a 
« 

S 


B 

6 

H 

o 


« 
a 
■q 


l| 


1 


.0014  .0296 
'.0132.0194 


.0486.0172 


.0160.0136 


.19 


.0150  .0044  .17 


.0280 

I 

.0200 
I 

.0200 

1.0120 
.0120 


.0005  .2686  8.0 
.0003  .26S0  7.4 
.0004  .3239,  6.3 


.0148.0024  .16 


.0016  .0168  .0160  .0008  ..32 


2.13 
2.21 


.0166  .0186 
.0178  .0258 
.0256  .0194 


1.0146.0186.0146 

I    i    I 
.0062  .0166  .0148 


.0131 


.0160.0026  .48 

.0224.0034  1.42 

I 

.0174.0020  1.33 
.24 
.17 

.25 
.16 


.0040 
.0018 


.0183.0144.0089 


.0058  .0174. 0134  .0040 

I    I    I 


.0003  .3003  7.4 

.0008  .2847'  8.0 
I 
.0050  .0025  1.2095  8.9 

I 
.0200  .0067. 3888:  8.3 

I 

.0300  .0125  .3426  10.4 

I 
.0400.0018  .6744 

I 

.0050  .0025  .4479 

:       1 

.0280.0008  .4182 


.0300 


.0204 


.0002  .3773 


.0024 


.0175  .0014 


.3512 
.4180 


lO.O 

10.9 

8.7 

7.7 


8.5 
7.0 


*  March  to  December. 


Odor,  deddedly  mnsty.  — The  samples  were  collected  from  the  river. 


MicroscopiccU  Examination,  , 

The  average  number  of  organisms  per  cnbic  centimeter  found  in  these  samples  was  371,  consisting 
chiefly  of  Oretiothrlx  and  Zoogiaa.  The  highest  number  found  was  1,035  in  June  and  consisted  chiefly 
of  Zodglcea. 


Merrimack  River. 

The  usual  monthly  examinations  of  the  water  of  this  river  opposite 
the  intakes  of  the  Lowell  and  the  Lawrence  Water  Works  have  been 
continued  during  1894.  the  detailed  results  of  which  may  be  found 
on  pages  190  and  202  of  this  volume.  A  comparison  of  the  analyses 
made  at  these  two  places  during  the  year  is  given  in  the  following 
table :  — 
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MSBBIMACK  BTTEB. 

Table  comparing  the  Analyses  above  Lowell  with  those  above  Lawrence^  1894, 

[PnrU  per  100,000.] 


Color. 

KaeiocB  on 

EVAPOBA- 

Tioir. 

i 

Ammonia. 

1 

Chlorine. 

NZTBOOBV 
AS 

• 

1 

• 

1 

1 

Albuminoid. 

1 

H 

■ 

1 

12 

^1 
12 

i 

Number  of  determliuilloDS  com- 
pared,        12 

12 

1 
12  ' 

■      12 

12 

12 

12 

12 

12 

Mean  of  analyees  aboye  Lowell,    0.35 
Hean  of  analyaea  abore  Law*            ! 
rence, 0.87' 

:  S.66 

!  s.70 

1.26 
1.30 

.0034 
.0062 

.0135 
.0167 

.0109 
.0141 

.0026  1 
.0026 

;  .178 
.227 

.0003 
.0063 

.0001 
.0001 

;1.1 
1.3 

Inereaea,       ....    0.02 

1         1 

0.16 

0.04 

.0028 

.0032 

.0082 

.0000 

.049 

1 

.0000  i.oooo 

1 

0.1 

1 

In  order  to  compare  these  results  with  similar  ones  obtained  in 
previous  years,  another  table  is  presented,  which  contains  the  in- 
crease in  impurities  as  the  water  passes  from  a  point  above  Lowell 
to  Lawrence,  as  given  in  the  last  line  of  the  above  table,  and  the 
corresponding  increase  in  previous  years :  — 

Increase  in  the  Amount  of  Impurities  in  the  Merrimack  River  Water ^  from  a  Point 
above  Lowell  to  Lawrence,  as  determined  by  the  Regular  Monthly  Examinations 
of  Different  Tears, 

[Paru  per  100,000.] 


Color. 

ubsidlk  oh 
Etapoba- 

TIOM. 

Ammokia. 

S      Chlorine. 

KlTBOOBV 
AS 

DATE. 

1 

• 

a 

J 

.0007 

Albuminoid. 

1 

9^ 

.0027 

1 
2^ 

Sus- 
pended. 

Increaae,  1887-1880,      . 

0.01 

0.23 

0.09 

.0017 

.0009 

.0003* 

.0000 

iDcrenae,  1890, 

0.05 

0.62 

0.22* 

0016 

.0023 

.0017 

.0006 

.028  1 

.0020* 

.0000 

0.3 

Iticreaee,  1801,      . 

0.02*; 

0.20 

0.07 

.0021 

.0023 

.0021 

.0002 

.035 

.0030* 

.0000 

1  0-1 

locreaae,  1892, 

0.06 

0.48 

0.12 

.0019 

.0037 

.0037 

.0000 

.030 

.0013* 

.0000 

0.0 

Increaee,  1893,       . 

0.09 

0.47 

0.80 

.0031 

.0032 

.0021 

.0011 

.035 

'  .0002* 

.0001 

0.0 

Inereaae,  1804, 

0.02 

0.16 

0.04 

.0028 

.0032 

.0032 

.0000 

.049 

.0000 

.0000 

0.1 

*  Decrease. 

The  ayerage  flow  of  the  riyer  at  Lawrence,  per  twenty-four  houn,  daring  the  days  on  which  aamples 
were  collected,  was  for  the  above  perloda,  reapecUyely,  at  the  rate  of  9,146,  9,948,  7,931,  5,483,  8,126  and 
6,450  cnbie  feet  per  eecond. 

In  the  following  tables  are  given  the  results  of  chemical  and 
bacterial  examinations  of  samples  of  water  collected  from  the  Merri* 
mack  River  between  Lowell  and  Lawrence  on  a  holiday  following  a 
Sunday.  They  are  interesting  as  showing  a  condition  which  may 
exist  in  the  river. 
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MEBBIMACK  RIVER. 

Chemical  Examination  of  Water  from  the  Merrimack  River  at  Various  Points 

between  LoweU  and  Latorence. 

[Parts  per  100,000.] 


Date  of 

Collection. 

APPKAIAKCJC. 

i 
S 

Amvovia. 

• 

a 
.44 

NITSOOKV 
AS 

Oxygen 

Consumed.* 

• 

3 

* 
e 

1 

S3 

Bacteria  per  Cu- 
bic Centimeter. 

• 

1 

• 

1 

1 

• 

1 

Alba- 
minold. 

■ 

1 
1 

• 

1 

1994. 

Sept.   3 

V.  alight. 

Dedded. 

.89 

Blight. 

.0824 

.0200 

.0088 

.0006 

.2600 

2.2 

22,600 

3 

Sept.    3 

v.  alight. 

Decided. 

.32 

V.  slight. 

.0284 

.0260 

.39 

.0092 

.0002 

.2600 

2.2 

24,300 

8 

Sept.   3 

V.  alight. 

Decided. 

.27 

V.  alight. 

.0154 

.0204 

.88 

.0088 

.0002 

.2400 

2.0 

0,500 

4 

Sept.    3 

V.  alight. 

Decided. 

.20 

y.  alight. 

.0128 

.0200 

.86 

.0076 

.0002 

.2400 

2.0 

1,000 

*  Determined  after  boiling  for  two  minutes  only. 

The  aamplea  were  collected  aa  follows :  No.  1  at  the  foot  of  Hnnt*s  Palls,  0  miles  above  the  pamplng 
staUon  of  the  Lawrence  water  works;  No.  2,  opposite  the  mouth  of  Trull  Brook,  5.5  miles  above  the 
Lawrence  pumping atatlon;  No.  8,  just  below  "The  Narrows,'* 4.5  miles  above  the  Lawrence  pnmping 
ataiion ;  No.  4,  opposile  the  Lawrence  pamplog  atatlon. 

Bacterial  Examination  of  Water  from  the  Merrimack  River  at  Various  Points 

between  Lowell  and  Lawrence. 


Placb  ov  Collkotioh. 


Depth 

tMlOW 

Surface. 


At  foot  of  Hanl'a  Falla,  9  milea  above  Lawrence  pump- 1 
ing  atatlon i 

Oppoaile  month  of  Tnall  Brook,  5.5  mllea  above  Law-  ( 
rence  pumping  ataUon, i 

Just  below  "  The  Narrows,"  4.5  miles  above  Lawrence  i 
pnmping  atatlon, i 

Above  Pine  Island,  8.5  miles  above  Lawrence  pamplng  ( 
atatlon i 


Opposite  pumping  station  of  Lawrence  water  worka,    . 


6  inches. 
8  feet. 

6  Inches. 
8  feet. 

6  inches. 
8  feet. 

6  Inches. 

8  feet. 

6  inohea. 
8  feet. 


Bactbhia  pkb  Cubic  Cbmtimbtkb. 


Middle  of 

South  Half 

of  River. 


Middle  of 
Klver. 


Middle  of 

North  Half 

of  Blver. 


89,200 
42,000 

28,700 
16,000 

0,600 
5,600 

5,600 
4,900 

1,400 
2,900 


22,600 
12,700 

24,800 
18,600 

6,600 
9,800 

6,400 
6,600 

1,600 
1,100 


20,700 
24,600 

81,000 
28,200 

6,000 
7,500 

8,000 
7,000 

1,900 
1,800 


Lake  Winnipiseogee. 

Id  connection  with  the  investigations  for  a  metropolitan  water 
supply  for  Boston  and  its  suburbs  examinations  were  made  of  the 
water  of  this  lake  at  several  places,  and  of  the  Merrymeeting  River, 
one  of  its  principal  tributaries,  the  water-shed  of  which  comprises 
about  one-eighth  of  the  land  surface  draining  into  the  lake.  The 
first  table  given  below  contains  the  results  of  analyses  of  samples 
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liATTR  WINNIPISBOGEE. 

of  water  from  the  Merrymeeting  River,  which  enters  an  arm 
of  the  lake  known  as  Alton  Bay,  from  Alton  Bay,  and  from 
the  main  portion  of  the  lake,  three-fourths  of  a  mile  from  Alton 
Bay.  The  results  of  the  analysis  of  the  sample  of  water  from  the 
Merrymeeting  River,  together  with  other  investigations,  show  that 
while  some  of  the  streams  which  enter  the  lake  contain  water  which 
is  far  inferior  to  the  water  taken  from  the  lake  itself,  yet  the  ex- 
cellent opportunity  which  the  water  has  in  this  great  lake  for 
bleaching  and  otherwise  becoming  purified  by  storage  produces  a 
water  which  is  practically  colorless,  very  soft  and  contains  only  a 
small  amount  of  organic  matter. 

With  a  view  to  learning  whether  in  the  deeper  portions  of  the 
lake  there  was  any  accumulation  of  decomposing  organic  matter, 
such  as  has  been  found  in  some  cases  at  the  bottom  of  large  lakes 
and  storage  reservoirs  during  the  period  of  stagnation  in  summer, 
samples  of  water  were  collected,  at  intervals  of  10  feet  from  the 
surface  to  the  bottom,  at  a  place  where  the  lake  was  110  feet  in 
depth,  and  the  results,  given  in  the  table  on  page  388,  show  that 
the  water  is  of  practically  the  same  character  at  the  bottom  as  at  the 
surface.  The  temperature  at  the  surface  at  the  time  the  samples 
were  collected  wiis  70.5^  F.,  while  the  temperature  at  the  bottom 
was  51. 6^  F. 


Chemical  Examination  of  Water  from  the  Merrymeeting  River  and  Lake  Winni" 

piseogee^  New  Hampshire. 

[Parte  per  100,000.] 


1 

ArPKARAVCB. 

KK8IDCB  OV 

EVAPORA- 

TIOM. 

1 
1 

Ammokia. 

NiTBOOSR 
AS 

i 

1 

o 

.4861 
.2348 

.1116 

t 

^ 

1 

"'I 

• 

% 

a 

r 

1 
1 

1 

.00(i2 
.0002 
.0000 

Albuminoid.     | 

1 

1 

• 

1 

1 

• 

1 

i 

• 

1 

i 

1 

.10 
.10 
.08 

1 

12781 
12779 
12780 

1894. 

Aiig.l8 

ADg.l8 
Atig.l8 

V.illght. 
V.sUght. 
v.  slight. 

Blight. 

Blight, 

white. 
V.sUght. 

0.86 
0.18 
0.04 

8.06 
2.80 

.  2.86 

1 

1.60 
1.00 
0.76 

.0166 
.0106 
.0008 

.0146 
.0086 
.0068 

.0010 
.0020 

.0000 

i 

.0000 

.0000 
.0000 

1 

.0000 
.0000 
.0000 

1.1 
0.7 
0.6 

Odor,  of  the  first  sample,  distinctly  vegetable;  of  the  second,  faintlv  Tegetable;  of  the  last,  none. 

The  first  sample  was  collected  from  the  Merrymeeting  River  at  the  bridge  nearest  the  lake ;  the  second 

from  Lake  Winnipiseogee  at  Alton  Bay  in  the  middle  of  the  channel  opposite  the  ice  houses ;  the  third 
from  the  lake  aboat  8]  miles  from  the  head  of  Alton  Bay  and  abont  |  of  a  mile  beyond  Gerrish's  Point. 

Microscopical  Examination. 

No.  12781.  Total  number  of  organisms,  129. 
No.  12779.  Total  number  of  organisms,  166. 
No.  12780.    Total  number  of  organisms,  66. 
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ChemiccU  ExamiruUion  of  WaUrfrom  Lake  Winnipiseogee  at  Lakeport^ 

Hampshire^  collected  at  Varioua  Depths. 

[Pftrta  per  100,000.] 


New 


I 

9 


=3 


10901 
10902 
10903 
10904 
10906 
10906 
10907 
10906 
10909 
10910 
10911 
10913 


18M. 

Aag.28 

Aag.28 
Aug.28 
Ang.28 
Aag.28 
Aag.28 
Aag.28 
Aog.28 
Ang.28 
Ang.28 
Ang.28 
Ang.28 


Appsaxamcs. 


V.  alight. 

V.  slight. 

BUght. 

Slight. 

BUght. 

V.aUght. 

V.  slight. 

Slight. 

V.  slight. 

Slight. 

BUght. 

Distinct. 


a 

a> 


a 


V.  slight. 

y.  slight, 

wmte. 
BUght. 

white. 
BUght, 

white. 
Slight, 

white. 
V.  slight. 

y.  slight. 

BUght, 

white, 
y.  slight. 

Slight. 

white. 
Blight, 

white. 
BUght, 

white. 


0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.08 


Rbbidub  om 

Etapora- 

noM. 


Ammomxa. 


2.15 
2.10 
2.10 
2.25 
1.95 
2.50 
2.65 
1.90 
2.10 
2.86 
2.85 
2.05 


0.55 
0.T5 
0.90 
1.00 
0.55 
1.15 
1.65 
0.85 
0.90 
1.00 
1.85 
1.10 


I 


Aibnmlnold. 


I 

1^ 


•o 


0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


.0084 
.0074 
.0088 
.0082 
.0076 
.0072 
.0078 
.0088 
.0064 
.0098 
.0116 
.0078 


.0072 
.0062 


a 
o 


.0012 
.0012 


.GOGS  .0020 


.0064 
.0060 
.0044 
.0042 
.0058 
.0044 
.0048 
.0058 
.0062 


.0018 
.0016 
.0028 
.0036 
.0030 
.0020 
.0060 
.0068 
.0016 


.100 
.100 
.102 
.104 
.106 
.100 
.100 
.104 
.104 
.108 
.106 
.104 


Snaoamv 

AS 


I 


s 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0020 


B 

B 
m 

i 

a 

I 

o 


• 

i 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


.1580 
.1738 
.1659 
.1659 
.1690 
.1650 
.1650 
.1788 
.1817 
.1986 
.1856 
.1935 


0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 


Odor,  none. The  samples  were  collected  In  the  order  of  their  numbers,  at  the  foUowlng  depths. 

In  feet,  beneath  the  surface :  0, 10, 20, 80, 40,  60,  60,  70,  80,  90, 100  and  110. 

Microscopical  ExamifKUion  of  Water  from  Lake  Winnipiseogee^  Lakeport,  New 

Hampshire,  at  Various  Depths. 

[Number  of  organisms  per  cubic  centimeter.] 


, 

ISOS. 

Aug. 

Ang. 

Aug. 

Aug. 

Ang. 

Aug. 

Aug. 

Ang. 

Aug. 

Aug. 

Ang. 

Ang. 

Day  of  examination,  . 
Number  of  sample,    • 

30 
10901 

80 
10902 

80 
10908 

30 
10904 

80 
10905 

80 
10006 

80 
10907 

80 
10908 

30 
10909 

80 
10910 

80 
10911 

30 
10912 

PLANTS. 
DlatomaceflB, 

AsterloneUa, 

GycloteUa,    . 

FragUaria,    . 

Melosira, 

Btephanodlscns,  . 

Synedra, 

Tabellaria,    .       .       . 

Oyanopbyceee,   . 

CoBlosphnrinm,    . 
Microcystis, . 
Nostoc, 
Rlvularla,     . 

88 

8 
1 
0 
5 
3 
4 
42 

184 

2 

pr. 

12 

120 

107 

17 

4 

10 

10 

1 

12 
44 

7 

3 
0 

4 
0 

107 

12 

4 

0 

1 

2 

16 

72 

8 

2 
0 
1 
0 

89 

14 

10 

0 

2 

pr. 

42 
1 

1 
0 

76 

18 

4 
20 
0 
2 
4 
28 

0 

0 
0 
0 
0 

54 

4 

10 
7 
0 
0 
1 

32 

1 

pr. 
1 
0 
0 

48 

2 
2 

15 
0 
0 
1 

26 

1 

0 
1 
0 
0 

71 

16 

10 
1 

16 
0 
2 

26 

t 

0 

1 
1 
0 

80 

3 
8 
0 
5 
0 
pr. 
19 

pr. 

0 

0 

40 

5 
2 
0 

10 
0 
0 

26 

1 

0 
pr. 

0 

76 

0 
5 
7 

14 
0 
0 

60 

pr. 
0 

0 

88 

3 
2 
0 

13 
0 
0 

20 

1 

0 
0 

1 
0 
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I.AKE  WrN'NTPISEOGEE. 

Microscopical  ExamincUion  of  Water  from  Lake  Winnipiseogee,  Lakeport,  New 

Hampshire^  ai  Various  Depths —  Concluded. 

[Kamber  of  orgaDlsmfl  p«r  cable  centlroeter.] 


Ang. 

1« 

Aug. 

»s. 

Ang. 

Ang. 

Aug. 

Aug. 

Ang. 

Ang. 

Aug. 

Aug. 

Ang. 

Ang. 

PLANT3  — Con. 

S 

t 

4 

9 

2 

0 

1 

t 

0 

8 

t 

0 

i^bloroeoccas, 
GlueocyAiU,  . 
Btaurastrum, 

2 

1 
0 

1 
pr. 

0 
2 
2 

0 
6 
8 

2 
0 
0 

0 
0 
0 

0 
0 

1 

0 

1 
1 

0 
0 
0 

8 

0 

pr. 

0 
0 
2 

0 
0 
0 

Funffl,  Molds, 

4 

2 

1 

0 

pr. 

0 

6 

0 

pr. 

0 

0 

0 

ANIMALS. 

Hhlaopoda,  Difflugla,  . 

0 

0 

0 

0 

pr. 

0 

pr. 

0 

pr. 

0 

0 

0 

Inf^Borla, 

2 

4 

2 

5 

t 

2 

4 

1 

pr. 

0 

0 

0 

Dinobryon  cases, 
Feridioium, 

0 
2 

8 

1 

1 
1 

2 
3 

2 
pr. 

2 

0 

3 
1 

0 

1 

0 
pr. 

0 
0 

0 

0 

0 

0 

JilsceUaneotUf  Zooglcea,   . 

3 

« 

4 

pr. 

6 

pr. 

16 

8 

18 

8 

14 

92 

14 

■                                                1 
Total,  .... 

204  ; 

124 

121 

84 

80 

67 

78  [ 

79 

^  . 

66 

63 

Miller's  River. 

Chemical  Examinaiion  of  Water  from  MilUr^s  River  at  Aihol  and  Orange. 

[ParU  per  100,000.] 


• 

B 
O 

e 

5 

Appbabavob. 

,  Rksidcbon 

|!     EVAPOBA- 

Tiojr. 

Amuovia. 

1 

1 
1 

« 

e 

1  ! 

.21 
.23 

1 

NlTBOOBS 
AS 

1 

a 
§ 

1 

.8295 
.8571 

1 

a 

1 

1 

1 

1 

Lost  on 
Ignition. 

1 

Albuminoid. 

• 

1 

as 

i 

1 

a 

H 

Sus- 
pended 

i 

o 

1 

3] 

13176 
13176 

Oct.  2")  1 
Oct.  20 

V.eligbl. 
dllgbt. 

Cons. 

CODB. 

0.90 
1.00 

1 

4.05 
4.80 

2.10 
1.00 

.0004  .0104 
.0038  .0214 

.0176.0018 
.0198  .0016 

1          ! 

1         1 
.0000.0000 
.OOoO.OOOO 

0.9 
0.9 

Odor,  faintly  \*eget«ble. Tbe  firat  sample  was  collected  from  the  river  at  a  hlghwav  bridse  aboat 

a  mile  and  a  half  bvlow  Athol  and  three  miles  above  Orange;  the  last  from  the  river  ]u«t  above  the 
bridge  in  the  village  of  Orange. 

The  samples  were  collected  daring  an  Investigation  of  a  complaint  of  a  dlfagreeable  odor  from  the 
river  bed  and  banks  in  the  village  of  Orange  at  times  when  the  mlll-pood  was  drawn  down. 

Microscopical  Examinaiion, 

Ko.  18176.  Dlatoroaoe»,  NavictUa^  1;  Sj/nedra,  10.  Algas,  C%>«7naWtfm,  1.  Fungi,  Orfnothrix,  116. 
Miscetlaileoiis,  ZoogUxa^  812.    Total,  440. 

No.  13176.  DiatomacesB,  Z>Milonui,  1;  l/«to«<ro,  3;  5^tf(/rer,  2.  Fungi,  0«no<Ar)x,  40.  Infusoria, 
Tradulomonat,  1.    Miscellaoeous,  ZodgUxa,  84.    Total,  131. 

Nashua  River. 

Regular  monthly  examinations  of  water  from  the  North  Branch 
of  the  Nashua  River  below  Fitchburg  have  been  continued  as  in  the 
previous  year.  Weekly  examinations  of  the  North  Brunch  just 
above  its  confluence  with  the  South  Branch  at  Lancaster  were  begun 
in  July  and  continued  until  December. 
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KASHUA  mVEB. 

A  large  number  of  examinations  of  water  from  various  brooks 
and  ponds  in  the  water-sheds  of  the  Stillwater  and  Quinepoxet 
rivers,  which  unite  at  West  Boylston  to  form  the  South  Branch  of 
the  Nashua  River,  have  been  made  during  the  past  two  years,  and 
the  results  are  given  in  the  tables  which  follow,  together  with  the 
results  of  the  regular  monthly  examinations  of  the  Quinepoxet  and 
Stillwater  rivers,  and  of  the  Nashua  River  above  Clinton.  These 
examinations  were  made  in  connection  with  the  investigations  for  a 
metropolitan  water  supply  for  Boston  and  its  suburbs. 

Weekly  examinations  have  been  made  of  the  water  of  the  South 
Branch  of  the  Nashua  River  just  above  its  confluence  with  the  North 
Branch  at  Lancaster  corresponding  to  the  examinations  of  the  North 
Branch  at  this  point. 

Chemical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  River 

below  FUchburg, 

[Parte  per  100,000.] 


i 

a 

a 


11638 
11744 
11874 
12061 
12217 
12897 
12546 
12769 
12998 
18146 
13847 
18617 


§ 


I 

o 


Av. 
Av. 


18»4. 

Jan. 15 

Feb. 12 
Mar.  12 
Apr.16 
May  14 
JanelS 
July  16 
Ang.l6 
8ept.l9 
Oct.  16 
Nov.20 
Dec.  17 


1894 
1898 


Appkabakcb. 


a 


s 

s 


Decided. 

Decided, 
milky. 
Slight. 

DUtloct. 

Slight. 

Dlatinet. 

Distinct. 

Slight. 

V.  slight, 
milky. 
Distinci. 

Diatinct. 

Decided. 


Cons.,       0.50 

gray 
Cons., 

gray 
Cons., 

Cons., 

«    «™y 

Cons. 


Heavy, 

gray. 
Cons., 

brown. 
Cons., 

brown. 
Cons. 


0.88 
0.45 
0.40 
0.58 
0.75 
0.70 
0.75 
0.65 
0.55 
0.55 


Cons., 

gray 
Cons., 

Cons.,       0.45 
gray 


0.56 
0.67 


KKSIDDK  02f 
EVAPORA- 

TlOif. 

H 

Lots  on 
Ignition. 

7.90 

2.60 

6.20 

1.80 

8.00 

0.95 

8.40 

1.80 

6.96 

2.10 

9.50 

2.10 

9.20 

2.70 

0.65 

1.66 

9.05 

2.40 

9.20 

2.46 

7.60 

2.00 

6.10 

1.90 

7.89 

2.00 

7.46 

2.16 

Amkonia. 


Albamlnofd. 

i 

i 

1 

1 

S8 

3| 

h. 

H 

a 

«^ 

.0604 
.0602 
.0048 
.0064 
.0406 
.1440 
.1844 
.1650 
.0464 
.0640 
.0884 
.0076 


,0684 
.0461 


.0380 
.0198 
.0180 
.0306 
.0890 
.0678 
.0454 
.0410 
.0268 
.0842 
.0896 
.0250 


.0346 
.0360 


.0268 
.0140 
.0126 
.0188 
.0342 
.0332 
.0374 
.0842 
.0236 
.0304 
.0260 
.0166 


.0261 
.0257 


.0112 
.0058 
.0064 
.0068 
.0048 
.0346 
.0080 
.0068 
.0032 
.0038 
.0186 
.0094 


.0095 

.0103 


a 
o 


.67 

.66 

.28 

.80 

.70 

1.11 

1.04 

1.22 

.92 

.97 

.69 

.62 


.76 

.69 


NrrnooBN 

AS 


S 


.0200 
.0260 
.0180 
.0120 
.0160 
.0070 
.0060 
.0080 
.0280 
.0100 
.0210 
.0180 


.0008 


a 

s 

■I 
B 

5 

B 

& 
>* 
K 

o 


a 


.68961 


.0006  .5080 


.0152 
.0118 


.0001 
.0003 
.0011 
.0015 

.0020 

I 

.0040 
.0110 
.0014 


.4824 
.4440 
.6444 

.6568 
.6822 
.6737 
.6390 
.6517 


.0007  .65681 


.0008 


.0020 
.0018 


.6082 


.5822 


1.9 
1.7 
0.9 
0.8 
1.8 
2.6 
2.5 
2.6 
2.1 
2.5 
2.1 
1.7 


1.9 


.6927.  2.0 


Note  to  analyses  of  1894:  Odor,  musty  and  frequently  disagreeable. The  samples  were  coK 

lected  from  the  river  aboat  half  a  mile  below  the  point  where  water  from  the  tail-race  of  the  Falol^ 
Paper  Company  enters  the  stream. 

Microscopical  Examination. 

The  average  nnmber  of  organisms  per  cubic  centimeter  found  in  these  samples  was  1,112,  consisting 
chiefly  of  Zodgloa, 
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NASHUA.  RIVER. 

(Siemical  Examination  of  Water  Jrom  the  North  Branch  of  the  Nashua  Bivtr,  jutl 
above  its  Confluence  with  the  South  Brands  at  Lancatter. 

[ParU  p«  100,000.] 


-3 

I 

A»-.^»>.. 

"i;;sivf 

1 

f 

1 

1 

Si 

■mn, 

1*757 
JMSl 

uioa 

13187 
13301 

Juljffl 
July  so 

Au,.  e 

Aag.m 

Z' 

Bept.l2 

8.PI.M 
Ort.  11 

Oet.W 
Oct.  Bl 

.v„.. 

Not.  13 
Xo^.ao 
Nov.  27 

IS?' 

Slight. 

Slight. 

aiigbi. 

SllgU. 
Slight. 

Slight. 

svr 

DKiliici. 
eUny. 

"Si'i,. 

SIL»h.. 

Dl«ll«.' 
milk  J, 

DIMlnet! 
DLlloct. 

D^ijig; 

Com., 

an«ht. 

■Sir 

COD>„ 

Con""' 

CODI., 

Con*., 

ConT"' 
nddbh. 

enjlh't. 

Cm.. 

Slight. 
Slight 
Slight^' 

cor."'- 

eii.hT'' 

sv 

Coi^''' 

9.40 

1 

D.to 
».« 

0.30 

e.oo' 

i 

».« 
».« 

1.06 

>:•» 

t.u 

o.» 
o.u 

T.IO 
I.« 

t.oe 

O.M 

1 

i 

a 

00 
36 

to 

TO 
•( 
M 
OD 
00 

«o 

.0 

.0 

.0(00 

.0310 

.OMO 

.0031 

'.ly 

.10 
.M 

.0» 

.oiio'.ooaa'UwR 
.oj-jo.ownUsso 

.(>i.v..'«Hi   ,61» 

l.t 
l.t 

t.l 

«M' 

».>3 

.nil 

Average*  by  Yeart. 


\ 

m., 

IMOI 

3 

I 

: 

0.60  {  7.41 
0.8«'  9.  IT 
0.40   10. « 
0.4g     O.TO 

•■"(  •■" 

,.„  ..,,.1.™ 

a.l»     .0I17.,0«M 

i.m  .:o3ii:o»46 

-OMl 

!0O3^ 
.004< 

I,| 
!ot 

.o»- 

.031. 

'.<su- 

iwiJ 

-    jTo 

.4«M  i.t 

•  nnwre  more  IhiiB  one  nmpl*  vi 
b«D  need  Id  mmklni  tha  iTrrBn. 

I  Fin  Minpln  Id  Joly  ■nd  Augnil. 


Id  ■  moDth  Ihs  BTenga  iDiilrala  for  tlul  moDlh  bM 

iPour  umplei  OD  B«ptaDib«r  IT. 
AngtMtiDdOctDbac. 
July  loDfnDbat. 

Hon  to  mnalyiM  ol  1W4:  Odor,  mnitr  or  monldT  uid  trrqapntlj  dlHgrwibl*. Tha  HmplM 

racoltacttd  trom  ibe  ilTerM  Ibo  nllroad  bridge,  m  ibort  dliiaDo*  abon  lu  mouth. 


Mierotcopieal  Examination. 


and  In  Ihaaa  lamplaa  ■•*  HO,  eaadatlng 
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NASHTJA  RIVER. 

Chemical  Examination  of  Water  Jrom  Variottg  Sources  viilhinlhe  WaUr-thed  of  the 

Slillwaler  River. 

[Pkrti  per  llM,Dm.1 


1 

Socic* 

■3 

1 

' 

lOTTS 
1OT78 
lOHB 

ior-« 

Oullet   of   Bui    Waoabunm 
l-ond.  Slerllnr- 

Pond.  BlarllDg. 
Bllllwiier  Klver,  beto*  Rockj 

Brook.  Slerl  la  R. 
Bocty  Brook,  ooa  mile  *bOT* 

Ju.tl«.  Bro^k.  m»ltns 
Junilcc  Brook.  )ail  »Mivo  Jqoc- 

llDiiwllbKe)MBr<;DkilJlae 

BiUMk    Brook,  iboie    Eut 
WnebuMjll  Brook.  Prionloo 

E<i»  WKbo«.Il  Brook,  below 
B«biock  Brook.  Princrlon. 

l«'y|JtaSii.'  "            '   "" 

Aug.  V 

Am.  e 
Am.  10 

Aaj.lO 
Am.  10 

Aii(.  10 
Aug.  10 

Am- 10 

V..lf(ht 

V.*ll|bi. 
DlellDct. 
Sllglil. 
v.. light. 

Slight. 

Sllgbl. 

Bllghl. 

eiight, 

flbroue. 
V.  Blight, 

Cor..., 

Bltgbt. 

V.  .light. 

Cou. 

Con.. 
Slight. 

0.B6 

Non.. 

F.lolly 
tcg.ubl., 

Dl.ilnctir 

tfgeUbl.. 

NOOB. 

DKllDO'lT 
Tvg<.l.bl.. 

Soul' 

DLl'lT  TM. 

FalDdy 

^.^egvUblO. 

[Pirtt 

perlOO,OOO.J 

E"v:r 

"tioI 

A--0..., 

„.oo.x„l| 

1 

J 

1 

1 
f 

Alb 

tmlnold. 

1 

i 

1 

1 

1 

i 

1^ 

il 

» 

lOTftl 

J.IO 

o.u    1 

D009 

OlM 

om 

.0030 

.» 

oooo 

oooo  . 

I04S       0 

113 

loiu 

2M 

l.M 

0002 

OlM 

011B 

.oosi 

.18 

0030 

0001 

««       0 

IM 

Win 

s.ie 

].»     \ 

oooo 

0180 

OlM 

.0033 

.10    j 

oooo 

oooo 

«at7      0 

303 

vnu 

AM 

1.10 

0010 

Olio 

oooo 

.OOiO 

.13 

oooo 

oooo 

2»1       0 

161 

lOTTS 

3.M 

1,70     j 

0000 

OJM 

OIW 

.00« 

.10 

0030 

ooot 

7107       0 

13 

IDT7J 

1.40 

O.Tl 

0000 

one 

OOM 

.oon 

.IT 

oooo 

oooo  ! 

UBS       0 

r.» 

lOTie 

3.B5 

a.ai 

0000 

O3O0 

024B 

•oosj 

.12 

0030 

0001  : 

7«S       0 

asj 

lOTTT 

S.SO 

I.OO 

0000 

0318 

ozoo 

.0061 

.07 

"!l 

ooooj. 

0U3       0 

" 

Tbe  Mmple*  w*r«  cOllMtnl  dnrlDf  m  InreMlgillim  (or  a  moliopoIli.D  kiIot  iuppty  (or  Boalon  and 
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Chemical  Examination  of  Water  from  the  Slillioater  Biver  in  Sterling. 

[Part*  per  100,000.] 


* 

.„^^..     jiVssr 

..„,.. 

i 

Kit»oa»i. 

1 

^ 

j 

1 

1 

1 

1 

J- 

J 

.0001 

i 

TM 

1 

1 

1 

11702 
1!1M 

mw 

12M3 

lasrs 

I>Wl 

IM3. 

D«.*t 

)«M. 

Pch.   1 

Uir.  I 
Uu.SI 

::: 

Ao».  S 
8.pt.4 

D«.  * 

Nou. 

V.  .light. 

v..nght. 

v.. light. 

7.*llghL. 

Slight. 
V.  .light. 
Slight. 

BUght. 
V.  .light. 
Slight. 
V  .light. 

V..llghl. 

V.tllght, 
Slight. 

Slight. 
Slight. 
Blight 
Slight. 
Slight. 
Slight. 
Cod.. 
Slight, 
v.. light. 

:: 

1.40 

:: 

I 
I 

7 

00 

w 

10 

w 

40 

w 

TO 

DO 
It 

M 
U 

la 

am 

OOTO 

mi 

011« 
OlOJ 

E 

0100 

...» 

00S4 

ooai 

z 

am 

am 

I 

-1- 

0010  .11 

oow'.io 

OOM   .« 

OOUj.18 
OOM.IO 

.00  JO 

.0030 

.0000 

.0000 
.0000 
.0050 
.0000 

.0000 

.0030 

00 

1     1     1 

il       1 

Average*  by  Tearg, 


1«»  .1 

. 

1 

8.U 

1.18 

.«»,|.. 

3i.oio«].oom''.is 

'.»J.»»i 

-   !•■• 

- 

1»3- 

- 

-  u 

3.45 

1.U 

.««|.. 

41  Lorn  .OOSI  .18 

.0022.0001 

.4M10.T 

18M 

- 

.         0.4. 

a.» 

1.14 

.0008.0 

1 

'V""r'",.'" 

^™,|^ 

.«.!... 

*  AngMt  Is  D«*mb«r. 
t'  Odor,  Tcgelihle, 


ea  BlerllDg  ind  Whi  BojUton. 


MicTOieopical  Examination. 
Tha  avenge  numbCT  d(  tuguilim.  p.r  sublo  MDllm«ur  found  In  Ibi 
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NASHUA  BITKB. 


Chemical  Examinalion  of  Water  from  Various  Sources 

[Parte  per  100,000.] 


.• 

fiOCKCB. 

Collection. 

Appkakance. 

Odor. 

s 

-a 

1 

g 

o 

2 

i 

i 

Cold. 

Hot 

a 

1 

1 

1 

IMS. 

1 

10791 

Trout  Brook,  West  Boylaton. 

Aug.l4 

V.Bllgbt. 

V.  slight. 

0.95 

Very  faint 
or  none. 

Faintly 
vegetable. 

2 

10779 

ChaiBo's  Pond,  Bolden. 

Aug.ll 
18S4. 

V.  Blight. 

Slight. 

1.80 

Distinctly 
vegetable. 

Distinctly 
vegetable. 

3 

13188* 

Chaffio's  Pond,  Holden. 

Oct.  23 
1A9S. 

Slight. 

Slight. 

1.40 

Distiuctty 
veirotable 
and  mouldy. 

Distinctly 
veg'iable  and 
unpleasant. 

4 

10780 

Dawaon'a  MllUpond,  Holden. 

Aug.ll 
1894. 

V.  Blight. 

Slight. 

0.66 

Faintly 
vegetable. 

Faintly 

vegetable 
and  mouldy. 

6 

13191 

Pine  Hill  Reaervotr,  Holden. 

Oct.  23 

Diatinot. 

Cons., 
green. 

0.30 

Decidedly 
veg* table  and 
unpleasant. 

Decidedly 
veg'table  and 
disagreeable. 

0 

13190*  EttglevUle  Reaervoir,  Holden. 

Oct.  28 

Distinct. 

Cons., 

0.43 

DUUoctly 

Di>*iinctly 

green. 

vegetable 

veg*table  and 
grassy. 

189S. 

7 

10782 

AsnebumskU    Brook    below 
KaifU'ville  Kexirvolr,  Holden. 

Aug.ll 

Slight. 

Cons., 
floe. 

0.70 

Faintly 
vegetable. 

Distinctly 
vegetable. 

8  10702 

AanebumHkU    Hrook    below 

Aug.l5 

• 

- 

0.8& 

. 

. 

mills   at   Jefferaouvllle    in 

Holden. 

9 

10787 

Ml  lip  Olid  at   RuralvIUe,  on 
Quioepozet  Uiver,  Holden 

Aug.ll 
1894. 

Slight. 

SliKht. 
tibrous. 

0.50 

Faintly 
vegetable. 

Distinctly 
vegeuble. 

10 

13189*  Stream  below  Kendall  Reaer- 

Oct.  '£i 

V.  alight. 

Slight. 

0.60 

Distinctly 

Distinctly 

voir,  Holden. 

189S. 

vegetable. 

veg'titble  and 
sweetish. 

11 

10781 

Lower    Asnebumskit     Pond, 
Pazion. 

Aug.ll 

V.  slight. 

Slight. 

0.90 

FHlntly 
vegetable. 

Distinctly 
vegetable 
and  mouldy. 

12 

10788 

MuBchopaugue  Pond,  Rutland. 

Aug.ll 

Slight. 

Cons., 
earthy. 

0.25 

None. 

None. 

*  Samples  marked  with  an  asterisk  were  collected  while  making  an  examination  of  possible  sources 
metropolitan  water  supply  for  Boston  and  its  suburbs. 
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NASHITA  BtVXB. 


lotihin  the  Watershed  of  the  Quinq>oxet  Biver. 

[Put*  par  100,000.] 


EVAfUilATlOX. 

AMMOmA. 
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e 
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i 
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o 

Lots  on 

Ig  Dillon. 

ALBI7MIVOID. 

1 

S 

» 

• 

1 

■ 

1 

Sus- 
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4.55 

1.90 

.0004 
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.0028 
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.0000 
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0.6 

86 

1 

4.25 

2.00 

.0000 
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.0274 

.0060 
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.0000 

.0001 

1.0349 

0.4 

130 

2 

6.90 

2.70 

.0010 
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.0026 

.33 

.0030 
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1.2719 

0.6 

93 

8 

2.55 

1.05 

.0010 

.0228 

.0192 
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.14 

.0000 

.0000 

.6952 

0.2 

124 

4.75 

1.76 

.0004 

.0260 

.0190 

.0070 

.27  i 

.0060 

.0002 

.5056 

1.6 

2,142 

3.00 

1.25 

.0002 

.023S 

.0186 

.0052 

.21 

.0030 

.0000 

.6633 

0.8 

906 

S.OO 

1.00 

.0000 

.0290 

.0228 

.0062 

.16  ; 

1          ' 

.0000 

.0000 

.6383 

1.1 

1^4 

- 

- 

- 

- 

- 

.16 

- 

- 

- 

- 

- 

S.05 

1.65 

.0046 

.0250 

.0190 

.0060 

.12  . 

1 
1 

.0000 

.0000 

.5253 

0.5 

536 

9 

3.45 

1.30 

.0002 

.0114 

.0096 

.0018 

1 

.17 

1 

.0000 

.0000 

.4063 

0.8 

47 

10 

2.00 

1.70 

.0000 

.0308 

.0206 

.0102 

.12 

.0000 

.0000 

.6791 

0.2 

62 

11 

3.90 

1.46 

1 

.0016 

.0060 

.0044 

.0016 

.11 

.0000 

.0000 

.2212 

0.6 

1,040 

12 

of  water  eapply  for  the  city  of  Worceeter,  and  the  remainiog  lamples  dnrlog  an  Invefttlgallon  for  a 
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NASHUA  BIVER. 

Chemical  Examination  of  Water  from  the  Quintpoxet  River  in  Bolden. 

[PuU  par  100,000.] 
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.oor 

.SSMO.T 

KoT*  toanslyKi  of  1804:  Odor,  vegetibie,  »mellineiDOna. The  nnpiei  wen  soli ecled  rroni 

the  river  at  Smltli'i  WooiieD  Mill  In  Holdeo,  lod  Doe  Ihounnd  tett  from  Uu  line  heCwsen  Holden  aod 
Well  Boyliton. 


Microscopical  Examination. 
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NASHUA  BIVER. 

Chemical  Examinalion  of  Water  from  the  SotUh  Branch  of  the  Noishua  Eiver 

above  Clititon, 

[ParU  per  100,000.] 


a 

3 

55 


e 
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Art*BABA»C>. 


t 
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1H94. I 

11902   Jan.   2 

11700    Peb.   1 

11819    Mar.  1 

11083  'Apr.  2 

12157    May    4 1 

122M   JoDe  1 

I 
12IS4   Jaly   6 

nee* '  Aug.  e 

12880   Sept.  4 

I 
13081    Oct.    3 


13250 


Not.   1 


13429  I  Dee.   3 


Av. 


Slight. 

Slight, 

clayey. 
Distinct, 

clayey. 
Slight. 

Slight. 

Slight. 

Slight. 

Diitlnet. 

Slight. 

Slight. 

V.  Blight. 

Slight. 


Slight. 

Slight. 

Cona  , 

tibroua. 
Slight. 

Slight. 

Cons. 

Slight. 

Slight. 

Slight. 

Slight. 

Slight. 

V.  alight. 


KR8IDUK  OM 

EVAPORA- 

TIO«. 


& 


0.55  '  4.10 


0.33;  3.65 

I 

0.50!  3.75 

0.45  3.20 


0.60 
0.85 
0.45 
0.47 
0.30 
0.15 
0.20 
0.48 


0.44 


3.85 
3.40 
3.40 
3.50 
4.50 
8.85 
4.25 
4.85 


3.81 


§1 
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1.35 

1.20 

1.20 

1.35 

1.80 

1.00  I 

1.25 

1.00 

1.60 

1.80 

1.85 

1.45 


Ammonia. 


Albuminoid. 
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► 

'a 

I 

1 

•1 

si 

»b 

H 

fi 

00 

.0012 


.0016.0120 


.0028 


.0100 


1.27 


.0000  .0130 
.0006'.  0126 


.0046 


.0218 


.0008  .0158 


.0000 
.0014 
.0018 
.0014 
.0006 


.0014 


.0102 
.0138 
.0120 
.0120 
.0210 


.0154 


.0004 
.0144 
.0110 
.0002 
.0164 
.0126 
.0162 
.0110 
.0002 
.0000 
.0192 


.0132  .0106.. 0026 

I 
.0026 

.0046 

.0030 

.0034 


4) 

B 

_  _l 


.22 
.27 
.27 
.19 
.17 


.0064  .17 

II 

.0032  .28 
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.0030.1.28 

.0028  .29 

.0028 '.16 

.0030  .30 

.0018  .88 


.0128  .0031 
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a 
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.0070 
.0030 
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.0030 
.0000 
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.0020 
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.0070 
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I 
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I 
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I 
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.5499 
.4029 
.5080 
.4335 
.5440 
.6622 


0.9 
1.3 
0.6 
0.0 
0.9 
0.8 


.0000  |. 8684:  0.9 


.0000  1. 3310  1.0 


.0000 

.0000 

.0000 

0001 


.2079  1.3 

.2409  1.8 

.2783|  1.6 

.4913.  1.7 


.0042  .0000. 4174 

I 


1.1 


Averages  by  Tears. 


-. 

1887* 

- 

- 

0.58 

4.14 

1.24  .0015 

1.06  1  .0008 

|l 

.0216 

- 

- 

1 

.21 

.0077 

«» 

1  - 

1 

- 

— 

1888 

- 

- 

0.32 

3.53 

.0151 

- 

" 

.18 

1 

.0097 

.0001  1  . 

«» 

- 

18801 

- 

- 

0.24 

2.96 

0.87 

.0004 

.0163 

.0133 

.0030 

,.18 

.0002 

.0002 

«» 

- 

- 

1893t 

- 

- 

0.41 

3.99 

1.42 

.0006 

.0158 

.0120' .0020 

.28 

.0020 

.0001 

1 

.4623'  1.4 

- 

1894 

- 

- 

0.44 

3.81 

1.27 

.0014 

1 

.0154 

.0123 

.0031 

.25 

.0042 

.0000 

.4174 

1.1 

*  Jooe  to  December. 


t  January  to  May. 


X  Aaguat  to  December. 


NoTK  to  annlyace  of  1804:  Odor,  vegetable,  somctiniea  mouldy. The  eamples  were  collected 

from  the  river  above  the  dam  of  the  Lancaaler  MaDufaciuring  Company. 


Microscopical  Examination, 

The  average  number  of  organiams  per  cubic  centimeter  found  In  these  samples  was  128. 
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NASHUA  RIVER. 

Chemical  Examination  of  Water  from  the  South  Branch  of  the  Kashua  River ^  just 
above  its  Confluence  with  the  North  Branch  at  Lancaster, 

[P»rUi  perlOOfOOO.] 


• 

1 

1 

Appbaiahob. 

Ubsiduk  ox 

UVAPOSA- 
TIOM. 

Amvokia. 

• 

NiTSOoax 

AS 

• 

1 

0 

e 

6 

■ 

Albuminoid. 

.• 

>; 

«J 

^s 

• 

^ 
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^ 
§ 
0 

i 
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1 

I 

1 

i 

H 

1 

1 

t 

I 

i 

i 

i 

a 
ft 

s 

1 

a 

1H94. 

12592  .  July  23 1 

DeeidiHl, 

Cons., 

0.60 

6.75 

2.80 

.0960 

.0300 

.0260 

.0060 

.02 

.0160 

.0040 

.5361 

1.7 

milky. 

dark. 

I 

12625 

July  30 

V.slf«ht, 
milky. 

8llgh^ 
yellow. 

0.50 

5.00 

1.80 

.0880 

.0236 

.0220 

.0016 

.68 

.0080 

.0022 

.8927 

1.9 

12652 

Aug.  1 

Distinct. 

Cons., 
brown. 

0.85 

5.05 

1.50 

.0200 

.0286 

.0180 

.0056 

.46 

.0060 

.0015 

.42ao 

S.O 

12666 

Aug.  6 

Blight. 

Cons., 
brown. 

0.48 

4.90 

1.45 

.0384 

.0236 

.0190 

.0046 

.42 

.0050 

.0020 

.3011 

1.4 

12746 

Aug.l4 

SUght. 

Cons., 
fibrous. 

0.40 

5.65 

1.05 

.0174 

.0274 

.0212 

.0062 

.40 

.0180 

.0007 

.4058 

1.1 

12788 

Aug.20 

Slight. 

Cons., 
brown. 

0.50 

6.20 

2.10 

.0560 

.0164 

.0094 

.0070 

.63 

.0160 

.0013 

.2887 

1 

1.7 

12S42 

Ang.28 

Slight. 

Cons., 
brown. 

0.40 

8.80 

2.25 

.0052 

.0226 

.0194 

.0082 

'l.l2 

.0480 

.0012 

.4312 

2.ft 

1288B 

Sept.  5 

Distinct. 

SllKht, 
fibrous. 

0.45 

7.65 

1.95 

.1440 

.0206 

.0224 

.0072 

.74 

.0080 

.0020 

.8696 

1.9 

12942 

Sept.12 

Slight. 

Slight, 

0.45 

6.80 

2.60 

.1040 

.0710 

.0640 

.0070 

.44 

.0080  .0012 

.3773   l.S 

fibrous. 

18006 

8cpt.20 

Distinct. 

Cons., 

0.90 

8.95 

2.40 

.1600 

.0450 

.0340 

.0110 

.72 

.0020.0007 

.6391 

l.« 

rusty. 

13033 

Sept  .26 

Slight. 

Sliffht. 

0.40 

6.35 

2.00 

.0440 

.0290 

.0180 

.0110 

.56 

.0070 

.003^' 

'.4196 

1.8 

13073 

Oct.    8 

Slight, 
milky. 

Slight. 

0.40 

6.75 

2.15 

.0480 

.0200 

.0190 

.0100 

.64 

.0040 

.0065 

,.4061 

1.9 

13121 

Oct.  11 

Distinct, 

clayey. 

Distinct, 

Slight, 
gniy- 

0.50 

7.25 
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.0868 

.0316 
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.0040 
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.0070 
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.5434 

1.9 

13162 
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SUght. 

0.40 

1  6.50 
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1 

13208 

Oct.  24 
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milky. 

Cons., 
brown. 

0.50 

7.15 
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.0244 

.0104 

.63 

.0080 

.0015 

.6253   l.S 

13233 

Oct.  31 
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Cons., 

0.42 
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2.10 

.0400 

.0316 

.0264 

.0052 
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.0060 

.0013.58901  2.S 

milky. 

earthy. 

18266 

Nov.  6 

Disiioct, 
milky. 

Cons., 
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.0200.0864 

.0154 
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.0006 

.4S50 

1.9 

13301 

Nov.  13 

DlstlDCt. 

• 

Cons., 
green. 
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5.45 

1 

1.65 
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.0044 

.18 
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.0004 
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1.7 
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Nov.  20 
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.0168  .0244 
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.6656   1.9 
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Nov.  27 
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Slight. 
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Slight. 
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1.8 

Averages  by  Tears, 
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4.91 
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« 

0.80 

4.68 

1.85 

1891 

• 
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0.45 

6.01 
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18941T 
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. 

0.43 

5.68 

1.65 
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• 
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6.31 

1.91 
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I 
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.89 

.0*214 
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.0104  .0003 
.0093  .0003| 
.0150.0006; 
.0095.00171 


.4768 


1.7 
1.6 
1.8 
1.8 


*  Where  more  than  one  sample  was  ooUeoted  in  a  month  the  mean  analysis  for  that  month  baa  been 
used  In  making  the  average.  t  Four  samples  on  September  17. 

I  Pour  samples  in  July  and  Auanst.  J  August  and  October. 


II  August,  October  aud  November. 


July  to  December. 


Note  to  analyses  of  1894 :  Odor,  musty  and  frequently  disagreeable. The  samples  were  ooUectcd 

from  the  river  at  the  Atherton  bridge,  a  short  distance  above  its  mouth. 


Microscopical  Examination. 

The  average  number  of  organisms  per  cubic  centimeter  found  in  these  samples  was  414. 
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SHAWSHSEN  BIYER. 


Shawsheen  Riyer. 


ChemiccU  ExamincUion  of  Water  Jrom  the  Shawsheen  River  at  Wilmington, 

[ParU  p«r  100,000.] 


Date  of  Collection. 
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1U45   Dec.  6 
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2.10 

.0006  .0108 

.0179*. 0019 

1 

.6686 

l.T 

1 

Odor,  generally  Togetable. The  aamplea  were  collected  from  the  riTerat  the  point  where  it  la 

ercMned  by  tbe  old  Mlddk'Box  Canal,  between  Wilmington  and  BiUeriea,  during  an  inTeatlgatlon  for  a 
metropoliuui  water  aopply  for  Boaton  and  Ita  subnrba. 


Microscopical  Examination, 

Th«  aTcrage  number  of  organiama  per  cubic  centimeter  found  In  theaa  aamplee  waa  46. 


Chemical  ExamincUion  of  Water  from  Lubber  Brooke  Wilmington. 

[Pnrta  per  100,000.] 
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Oct.  17, 
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Slight, 
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. 

.0012  .0308 

• 

• 

.60 

.ooso 

.0000 

„ 

2.6 

1 

yellow. 

1 

Odor,  Tery  faintly  regetable. The  tample  waa  collected  from  the  brook  at  a  highway  crosaing 

near  Silver  Lake  ttaUon  on  the  aouthern  dlvlaiun  of  the  Boaton  and  Maine  Ruilroad. 
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T£X  MILE  mVEB, 


Ten  Mile  River. 


Chemical  Examination  of  Water  from  the  Ten  Mile  Biver,  at  AUkborough, 

[Parts  per  100,000.] 


Date  of  CoIlectloD. 

Appbakabob. 

Kbsidub  on 

EVAPOKA- 
TION. 

AmronA. 

• 

e 

i 

NiVBOOBK 
AS 

• 

a 

3 

c 

a 

o 

• 

^ 

o 

5 

Loss  on 
Ignition. 

1 

Albuminoid. 

e 

e 

• 

• 

■c 
a 

1 

& 

1 

i 

OD 

a 

1K94. 

126S2 

July  16 

DIetlDct. 

Slight, 

0.50 

4.15 

1.15 

.0016 

.0174  .0146 

.0028 

.42 

.0000.0003 

.3118 

1.7 

12531 

July  16 

Blight. 

rusty. 
Blight. 

0.50 

5.65 

1.75 

.0118 

.0276  .0202 

.0074 

.78 

.0200.0006 

.3688 

1.7 

Odor,  of  the  first  sample,  distinctly  vegetsble  and  mouldy  and  faintly  disagret^nble;  of  th*>  second, 

decidedly  dii<ngrt>eable,  b4*eorolng  decidedly  vegetable  and  musty  on  heating. The  first  sample  was 

collected  from  the  Ten  Mile  River,  about  200  feet  below  the  mouth  of  the  Bungay  River;  at  the  time 
the  sample  was  collected  the  water  in  the  Ten  Mile  Uiver  came  almost  wholly  from  the  Bungay  River. 
The  second  sample  was  collectid  from  the  Ten  Mile  River  about  500  feet  below  the  railroad  bridge  on 
the  main  line  of  the  Boston  &  Providence  Railrond. 

Microscopical  Examination, 

No.  12532.  DiatoraacesB,  OycIotelUi^i;  Plnnularia,  I;  Synedrat  36;  TabellaHat  2.  Algss,  Proto- 
eocata,  15.    Fungi,  Orenothrix,  248.    Total,  806. 

No.  12531.  DiatomacesB,  MelowirQt  2;  yiaviada,  2;  Pinnulariat  1;  Synedra,  104;  Tabellaria,  2. 
AlgSB,  ChlorococcM,  10;  Clo»terium^  1;  Protococcmt,  10;  Rnphidlum^  88;  8cenede»mwtt  20;  iformUrum^ 
7;  Stfturogenia^A.  Fungi,  Orenothrixtl  Infusoria,  Monaa,  3;  /^idin<«m,.l;  Phacu9,  1;  TracAeio- 
monatt  1.    Miscellaneous,  Zodglaa,  20.    Total,  278. 


Ware  River. 

Chemical  Examination  of  Water  from  Ware  River  at  Cold  Brook  Station,  Barre, 

[Parte  per  100,000.] 


§ 

S 

m 

Appbarahck. 

Kesiduk  cm 

EVAPORA- 
TIO* 

AVMOmA. 

• 

C 

i 

JS 

NlTBOUKll 
A8 

<6 

a 

B 

M 
M 

• 

i 

1 

1 

a 

1 

1 

i 

Albuminoid. 

• 

1 

• 

■c 

•J 

1 

• 

1 

is 

ill 

i 
1 

^ 

O 

H 

OQ 

o 

H 

h 

H 

a 

OQ 

O 

SQ 

'A 

o 

a 

1894. 

11560 

Jan.    1 

Slight. 

Slight. 

0.73 

3.90 

1.55 

.0004 

.0166  .0148 

.0018 

.17 

.0080.0000 

.7215 

0.6 

11600 

Feb.  1 

Slight. 

Slight. 

0.60 

8.50 

1.50 

.0016 

.0116.0006 

.0020 

.18 

.0070  .0000 

.57R3 

0.8 

11820 

Mar.   1 

!V.  Blight. 

Slight. 

0.76 

8.55 

1.25 

.0006 

.0166!. 0122 

.0044 

.14 

.0030.0000 

.6760 

0.8 

11084 

Apr.   2 

V.  slight. 

Slight. 

0.70 

2.90 

1.80 

.0004 

.0132.0112 

.0020 

.18 

'  .0030  .0000 

.5505 

0.2 

12128 

May   1 

Slight. 

Slight. 

0.05 

2.90 

1.75 

.0000 

.0184  .0168 

.0016  .13 

;.oooo  .0000 

.8620 

0.2 

12324 

June  6 

Slight. 

Slight. 

1.30 

3.70 

1.70 

.0010 

.0246  .0226 

.0020  .08 

,.0050  .ouou 

.9471 

0.3 

12471 

July  5 

V.  slight. 

Slight. 

0.85 

3.60 

1.45 

.0008.0100.0172 

.0018 

.10 

.0000  .0000 

.5644 

0.8 

12658 

Aug.  6 

Slight. 

Blight, 
rusty. 

0.70 

8.36 

1.50 

.0000 

.0178  .0164 

.0014 

.10 

.0000  .0000  .5082 

1 

1.4 

12R57 

Bept.  4 

Slight. 

Slight. 

0.63 

8.25 

1.25 

.0006 

.0222  .0164 

.0068 

.14 

.0000.0001   .4004 

0.9 

18104 

Oct.   0 

Slight. 

Slight. 

0.45 

8.15 

1.05 

.0000 

.0170  .0152 

.0018 

.15 

.0000.0000 

.4180 

0.6 

18235 

Nov.  1 

Slight. 

Slight. 

0.50 

3.50 

1.40 

.0004 

.0174  .0150 

.0024  .13 

.0000  .0000 

.47.59 

1.1 

13407 

Dec.  3 

V.  Blight. 

V.  slight. 

0.70 
0.74 

5.85 

2.00 

.0008 
.0005 

.0206.0184 
.0179  .Ol&ft 

.0022 
.0024 

.21 

1 
1 

.14 

.0070 
.0023 

.0000 
.0000 

.8393 
.6276 

1.4 

Av. 

3.55 

1.47 

0.8 

1 

1 

i" 

Odor,  generally  distinctly  vegetable,  rarely  mouldy  or  unpleasant. -~— The  samples  were  collected 
from  the  river,  at  the  railroad  bridge  near  Cold  J3rook  sutlun,  in  the  southeasterly  part  of  the  tuwu  of 
Barre. 

Microscopical  Examination, 

The  average  namber  of  organisms  per  cuble  centimeter  found  in  these  samples  was  126. 


No.  34.] 


EXAMINATION  OF  RIVERS. 
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C^emtcoZ  ExamincUian  of  Walerfrom  Various  Sources  within  the  Water-shed  of  the 

Ware  River, 

[ParlB  per  100,000.] 


SOUBCB. 

• 

i 

ArPKAtANCS. 

1 

s 

1 

1 

10T85 
10031 
10018 
10032 
10040 
10038 
10080 
10780 
10037 
10030 
10018 
10017 

Asneeoniek  Pond  at  outlet,  HnbbardBton. 

East  Branch  of  Ware  River  above  the  village  of  New  Boston, 

Kutliind. 
Ijong  Fund,  RuUand. 

Long  Meadow  Brook  Jaat  above  Ware  River,  Rutland. 

East  Branch  Ware  River  above  Barre  Falls,  Barre. 

West  Branch  Ware  River  above  Barre  Falls,  Barre. 

Ware  River  ImIow  Junction  of  East  and  West  Branches,  Barre. 

Ware  River  just  above  the  village  of  Bmlthvllle,  Barre. 

Bumshirt  River  altove  Caoeeto  Brook,  Barre. 

Oaneeto  Brook  altove  Barnshirt  Rtver,  Barre. 

Muddy  Fond,  Oakham. 

Sulphur  and  iron  springs  at  Cold  Brook,  Oakham.* 

ISOS. 

Aog.l2 

Ang.80 

Aug.80 

Aug.80 

Ang.81 

Aug.31 

Aug.Sl 

Aug.l2 

Ang.81 ' 

AugJl 

AugJO 

Aug.80 

Slight. 

Distinct, 

1      green. 

V.  slight. 

Blight. 

Slight, 

brown. 
V.  Blight. 

Slight. 

Blight. 

V.  slight. 

Blight, 

green. 
Slight. 

Decided, 
iron 
oxide. 

Slight, 
ibrvmds. 
Slight, 

btown. 
Slight, 

brown. 
Sliffbt, 

fibrous. 
Slight. 

Slight. 

Slight 

CODB., 

white. 
V.  Blight. 

Slight. 

brown. 
Slight. 

Hesvy, 
iron 
oxide. 

0.03 
1.00 
0.30 
1.10 
0.06 
1.20 
1.15 
0.50 
0.75 
0.00 
0.70 
0.18 

Rksidub  OJf 
Evaporation. 

Ammovia. 

S 

6 

NiTBOOKM  AS 

1 

1 

« 

■ 

B 

1 

1 

ALBCMIXOID. 

1 

e 

1 

m 

• 

'5 

• 

«  V 

II 

O 

1.85 

0.45 

.0000 

.0102 

.0060 

.0018 

.12 

.0000 

1 

.0001 

.1777 

0.0 

140 

8.80 

S.15 

.0000 

.0348 

.0282 

.0008 

.13 

.0000 

.0000 

.0008 

0.5 

847 

2.88 

1.80 

.0018 

.0308 

.0178 

.0028 

.15 

.0000 

.0000 

.4810 

0.3 

138 

5.00 

S.25 

.0004 

.0254 

.0234 

.0090 

.10 

.0000 

.0000 

.0124 

1.1 

125 

8.86 

i.eo 

.0000 

.0288 

.0250 

.0088 

.14 

.0000 

.0000 

.8611 

0.6 

105 

4.70 

s.oo 

.0000 

.0378 

.0258 

.0020 

.12 

.0000 

.0000 

1.0230 

0.6 

405 

4.18 

8.05 

.0004 

.0274 

.0254 

.0090 

.18 

.0000 

.0000 

1.0100 

0.6 

165 

8.60 

1.85 

.0008 

.0170 

.0148 

.0024 

.14 

.0000 

.0000 

.4288 

0.6 

274 

4.90 

i.eo 

.0000 

.0178 

.0158 

.0022 

.18 

.0000 

.0000 

.7023 

0.6 

28 

8.S6 

1.70 

.0000 

.0214 

.0178 

.0088 

.11 

.0000 

.0000 

.0241 

0.5 

230 

8.60 

1.80 

.0004 

.0104 

.0064 

.0090 

.15 

.0000 

.0000 

.8555 

0.8 

132 

6.50 

- 

.0228 

.0184 

.0102 

.0032 

.14 

.0090 

.0001 

.1264 

0.0 

:(,583 

•  Iron  in  this  sample,  unaltered,  .2200;  Altered,  .1800. 

Odor,  of  the  flrat  sample,  none;  of  the  Ust,  neealiar,  becoming  very  faintly  earthy  on  heating;  of 
the  othere.  vegetable  and  swoetish. The  samples  were  collected  during  an  investigation  for  a  metro- 
politan water  supply  f6r  Boston  and  its  suburbs. 


SUMMARY 


OF 


ABATER  SUPPLY  STATISTICS; 


ALSO 


RECORDS  OF  RAINFALL  AND  FLOW  OF  STREAMS. 


[«»] 


SUMMARY  OF  WATER  SUPPLY  STATISTICS. 


At  the  end  of  1894  the  State  coDtained  31  cities  and  322  towns, 
an  increase  of  one  in  the  number  of  cities,  while  the  number  of 
towns  remains  the  same  as  in  the  previous  year.  The  town  of 
Beverly  became  a  city  March  23,  1894;  and  on  June  1,  1894,  a 
part  of  Longmeadow  was  set  off  and  incorporated  as  the  town 
of  East  Longmeadow. 

A  public  water  supply  was  introduced  during  this  year  for  the 
first  time  into  the  towns  of  Fairhaven  and  Ipswich  and  into  the 
portion  of  Wareham  known  as  Onset,  increasing  the  total  number 
of  places  supplied  in  the  State  to  149. 

In  addition  to  new  supplies  in  the  places  above  mentioned,  n^w 
works  have  been  constructed  in  the  town  of  Methuen,  a  limited 
portion  of  which  was  formerly  supplied  from  a  neighboring  munici- 
pality, and  in  many  other  places  additional  works  of  less  importance 
have  been  constructed  to  increase  the  capacity  of  existing  sources 
of  supply. 

The  following  table  gives  the  classification  by  population  of  cities 
and  towns  having  and  not  having  public  water  supplies  Dec.  31, 
1894.     The  populations  are  taken  from  the  census  of  1890 :  — 


POPCLATIOM 

(ItIM). 


Nanber  of    | 
Plaev*  of  Given 

Population 
hATliiir  a  Pub- 
lic Water 
8upplj. 


Total 
PopulaUoa  of 

Placet 

In  Preceding 

Column. 


Number  of 

Places  of  Ol  Ten 

Population 

not  having  a 

Public 
Water  Supply. 


Total 
Population  of 

Placet 

In  Preceding 

Column. 


Under  600,  . 
500-1,000, 
1,000-1,600, 
1,500-2,000^ 
2,000-2,500, 
2,500-S,000, 
S,O0OS,6O0, 
8,500-4,000, 
4,000-4,500, 
Above  4,500, 

Totals, 


0 

28 

4,5M 

04 

7,249 

43 

18.857 

28 

19.987 

18 

22,582 

17 

29,461 

28»828 

12 

61,840 

85 

1,784,504 

140 

1,980,204 

201 

9,772 
48,740 
52,810 
40,992 
28,118 
48,343 
12,448 

7,392 
16,028 

6,138 


278,679 
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From  the  totals  given  in  the  table  it  will  be  seen  that,  although 
but  forty-two  per  cent,  of  the  cities  and  towns  in  the  State  have  a 
public  water  supply,  yet  the  total  population  of  places  supplied 
represents  87.6  per  cent,  of  the  whole  population  of  the  State.  In 
this  estimate  of  the  total  population  of  municipalities  supplied  all  of 
the  inhabitants  in  them  are  included,  and  it  consequently  includes 
rather  more  than  the  actual  number  of  persons  to  whom  a  public 
water  supply  is  available ;  the  difference,  however,  is  not  large. 

There  are  now  but  7  towns  having,  by  the  census  of  1890,  a  pop- 
ulation exceeding  3,500,  which  are  not  provided  with  a  public  water 
supply.     These  are  given  in  the  following  table  :  — 


Towss 


Blackstone,. 


Millbnry,*   . 
Wlooheodon, 


Bockport,* 


PopuUilon  in 


6,188 
4,428 

4,aoo 

4,087 


Towais. 


BarnsUble,  • 
North  Andover, 
Mooaon,*  . 


Populstinn  In 


4,023 
3,742 
8.650 


*  Works  for  ihe  supply  of  the  towns  of  MUlbury,  Bockport  and  Monson  were  nearly  completed  at 
the  end  of  1894. 

In  the  following  table  the  various  water  supplies  are  classified 
according  to  the  dates  when  a  fairly  complete  system  of  supply  was 
first  introduced  into  a  city  or  town  :  — 


Tbais. 


Kumber  of 

Places 
Soppllcd. 


Previous  to  1850, 
1850-1859,  InclnsWe,  . 
1860-1809,  Inclaslve,  . 
1870-1879,  inclusive,  . 
1880-1889,  inclusive,  . 
1890,     .... 


6 

4 

10 

44 

68 
6 


Tbabs. 


Number  of 

Places 
Sopptled. 


1891,  . 

1892,  . 
1898,  . 
1894,  . 

Total, 


6 
1 
3 
8 


149 


Of  the  31  cities  in  the  Commonwealth,  29,  having  a  total  population 
in  1890  of  1,366,670,  own  their  water  works  ;  while  2,  having  a  total 
population  of  38,598,  are  wholly  supplied  by  private  companies.  Of 
the  118  towns  having  public  water  supplies,  70,  with  a  total  popu- 
lation of  356,079,  are  supplied  from  their  own  works,  while  48,  with 
a  total  population  of  198,917,  are  supplied  by  private  companies. 
'The  total  population  in  both  cities  and  towns  owning  their  works  is 
1,722,749,  against  237,515  in  those  supplied  by  private  companies. 


No.  34.] 


WATER  SUPPLY  STATISTICS. 


The  following  table  givea  statistics  with  regard  to  the  coDsumption 
of  water  in  many  of  the  cities  and  towns  in  this  State.  The  daily 
coDsuroptioD  per  inhabitant,  olttained  by  dividing  the  average  daily 
con^mmption  by  the  total  population  of  the  city  or  town,  in  1894, 
is  lees  than  the  amount  per  consumer,  because  there  are  some  in  all 
cities  and  towns  who  do  not  use  the  public  water  supply.  This  dif- 
ference between  the  number  of  inhabitants  and  consumers  accounts 
to  a  large  extent  for  the  low  rate,  per  inhabitant,  in  some  towns 
where  works  have  been  in  operation  only  a  short  time,  and  in  con- 
sequence water  bae  not  been  generally  introduced ;  also,  in  towns 
where  there  are  villages  to  which  the  public  water  supply  has  not 
been  extended  ;  but,  after  making  all  due  allowance  for  the  varying 
proportion  of  water  takers,  there  is  still  a  very  great  difference  in 
the  amount  of  water  used  per  person  in  different  places,  which  it 
is  very  difficult  to  account  for. 
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Kainfall. 

The  rainfall  for  the  year  1894  was  8.84  inches  less  than  the 
normal.  The  greatest  deficiency  occurred  in  March  and  August,  and 
there  was  a  very  marked  deficiency  also  in  June  and  July.  There 
was  an  excess  in  only  three  of  the  months,  May,  October  and  De- 
cember, and  the  excess  for  May  was  very  slight.  The  efiect  of  this 
distribution  was  to  cause  the  flow  in  the  streams  to  be  less  than  nor- 
mal in  every  month  of  the  year. 

The  average  annual  rainfall  *  in  Massachusetts,  as  deduced  from 
long-continued  observations  in  various  parts  of  the  State,  is  45.14 
inches.  In  the  following  table  is  given  the  normal  rainfall  for  each 
month  in  the  year,  the  rainfall  for  each  month  in  1894,  and  the  de- 
partures from  the  normal. f 


Normal 
Rainfall. 

Inches. 

Rainfall, 
Inchee. 

Excess  or 
Deflclency 

Inches. 

i 

Normal 
Rainfall. 

Inches. 

RslnfalU 
19M. 

Inches. 

Excess  or 

DtflciCDCJ. 

Inches. 

li 

January, 
Febmarj 
March,  , 
April,     . 
May,      , 

8.00 
8.74 
4.05 
8.82 
8.78 
8.30 
8.88 

8.80 
8.21 
1.20 
2.68 
8.84 
1.22 
2.82 

—0.60 
-0.58 
-2.76 
-0.44 
+0.11 
—2.08 
—1.56 

1994. 

August, 

September,  . 
October, 
November,   . 
December,    . 

Totals,   . 

4.42 
8.31 
8.87 
8.96 
8.57 

1.62 
8.23 
5.37 
8.60 
4.38 

—2.80 
—0.08 
+1.50 
—0.27 
+0.76 

June, 
July,      . 

45.14 

86.30 

-8.84 

To  enable  the  condition  preceding  the  collection  of  samples  of 
water  in  any  part  of  the  State  to  be  understood,  the  following  tables 
are  presented,  which  give  the  daily  rainfall  in  inches  at  nine  stations 
scattered  about  the  State. 


*  Including  melted  snow. 

t  This  and  subsequent  tables  of  rainfall  have  been  prepared  from  the  reoords  of  the  New  England 
Weather  Service. 
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Daily  BtdnfaU  in  Inches  at  Nine  Plaeea  in  MaasaehuaeU*,  Oeographieally  sekeUd, 


J«BB»i7f  ISM. 

Febraary,  1994. 

DAT 

or 

BfOSTB. 

1 

a 

-< 

1 

• 

■ 

S 

^ 

1 

■ 

a 

1 

• 

1 

1 

DAT 

or 

MOMTB. 

i 

3 

1 

1 

• 

a 

s 

a 

1 

1 

1 

• 

1 

a 

1 

• 

1,    .       . 

^ 

- 

- 

- 

- 

- 

- 

- 

- 

1..    . 

0.10     - 

- 

0.08 

- 

- 

- 

-   0.05 

2.    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

».    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4,    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4,.       . 

* 

• 

0.04 

0.28 

• 

• 

• 

0.20 

• 

5,    .        . 

o.oa 

0.05 

0.10 

0.05 

0.02 

• 

« 

- 

0.02 

»..       . 

0.80 

0.03 

0.10 

- 

0.23 

0.20 

0.18 

- 

0.29 

•*    .        . 

0.06 

• 

0.03 

0.08 

0.04 

0.22*0.06 

- 

« 

«..       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7.    .        . 

0.07 

0.18 

- 

- 

0.020.04 

0.07 

7..       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8.    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,.       . 

- 

- 

0.01 

- 

- 

0.02 

- 

- 

- 

8,    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

0,  .      . 

0.82 

• 

0.80 

* 

* 

* 

• 

* 

• 

10.    .        . 

0.11 

• 

0.12 

• 

0.17 

• 

* 

* 

* 

10,.       . 

0.83 

0.40 

0.71 

0.73 

0.88 

• 

0.80 

0.55 

0.56 

11,    .        . 

0.05 

0.25 

0.04 

0.14 

- 

0.150.23 

0.100.07 

11,.       . 

• 

- 

- 

- 

- 

o.eo 

- 

- 

- 

12,    .        . 

- 

- 

- 

0.05 

- 

0.04 

0.08 

0.150.20 

12,  .       . 

0.10 

« 

0.85 

« 

* 

• 

• 

0.30 

• 

13,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,.       . 

0.10 

0.03 

0.81 

1.43 

1.20 

0.80 

0.56 

0.00 

0.00 

14,    .        . 

- 

- 

0.01 

0.02 

- 

- 

- 

- 

- 

14,.       . 

• 

• 

- 

* 

- 

- 

- 

• 

* 

1*.    .        . 

• 

« 

- 

• 

• 

• 

- 

• 

* 

15..       . 

0.45 

0.84 

0.00 

0.80 

0.05 

1.11 

0.00 

0.66 

1.18 

18,    .        . 

0.28 

0.20 

0.00 

0.23 

0.80 

0.28 

0.29 

0.80 

0.28 

18,  .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17,    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

17..        . 

- 

• 

- 

- 

- 

- 

- 

- 

- 

18,    .        . 

- 

0.12 

- 

- 

* 

- 

- 

- 

- 

18,.        . 

0.18 

0.13 

0.32 

0.29 

0.36 

0.18 

0.14 

0.41 

0.58 

19.    .        . 

0.12 

- 

0.12 

0.18 

0.14 

0.14 

0.12 

0.17  0.21 

10,.       . 

0.18 

- 

- 

• 

* 

0.04 

• 

* 

• 

»,    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20,.        . 

- 

- 

- 

0.21 

0.85 

0.16 

0.34 

0.44 

21,    .        . 

0.02 

- 

- 

- 

- 

- 

- 

- 

- 

21..        . 

- 

- 

- 

- 

0.02 

- 

- 

0.08 

22,    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22..       . 

- 

- 

- 

- 

- 

- 

- 

^ 

- 

».    .        - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28.  .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24.    .        . 

0.10 

0.800.25 

0.45 

♦ 

« 

* 

• 

• 

24..        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

«,    .        . 

0.88 

- 

0.00 

- 

0.43 

0.24 

0.85 

0.40 

0.55 

25..        . 

- 

- 

- 

- 

- 

- 

- 

- 

28.    .        . 

• 

« 

- 

* 

• 

• 

* 

• 

- 

28,.        . 

0.06 

- 

0.14 

0.04 

- 

- 

0.80 

« 

27.    .        . 

0.28 

0.58 

0.85 

1.281 

1.80 

0.85 

0.78 

1.80 

2.28 

27..        . 

- 

- 

- 

- 

- 

- 

- 

- 

0.88 

28.    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28..       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

»•    .        . 

0.15 

• 

0.80 

0.05 

• 

• 

0.00 

0.10 

• 

80.    .        . 

0.70 

0.88 

1.40 

0.82 

1.50 

1.28 

0.47 

0.10 

1.45 

81,    .        . 

- 

- 

- 

- 

- 

- 

- 

2.82 

5.18 

TOTAU. 

rs? 

ro2 

8.88 

3.01 

3.81 

3.10 

Totals, 

2.82 

2.60'2.90 

4.23:8.0Q| 

8.00 

3.43 

2.04*4.16 

1 

4.49 

*  Fredpltation  Inoluded  in  that  of  following  day. 
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Mareli,  1S94. 

A»rU,  1994. 

DAT 

OF 

BfOKTH. 

• 

1 

a 
•J 

• 

e 

1 

» 

1 

• 

a 

i 

S 

i 

1 

1 

1 

e 
a 

* 

0.02 

* 
0.05 

0.18 

* 

0.18 

« 

0.20 
0.49 

• 
0.21 

* 

■ 

0.60 
1.88 

DAT 

OF 

MOXTH. 

1 

1 

1 

1 

1 

• 

B 

m 

1 

• 

5 

n 

S 
I 

4 
i 

5 

• 

§ 

• 

1 

s 

0 

<a 

• 

-z 

a 

1 

1,  .          . 

2.  .       . 
8,    .       . 
4.    .       . 
8,    .       . 

6,  .       . 

7,  .       . 

8,  .        . 

9,  .        . 

10,  .        . 

11,  .        , 

12,  .        . 

13,  . 

14,  .        . 

15,  .        . 

16,  . 

17,  .        . 

18,  . 

19,  .        . 

20,  .        . 

21,  .        . 

22,  .        . 

23,  .        . 

24,  .        . 

25,  .        . 

26,  .        . 

27,  .        . 

28,  .        . 

29,  . 

80.  .        . 

81,  .        . 
Totals, 

0.10 
0.05 
0.27 

0.10 
0.10 
0.30 

0.05 
0.05 

0.10 

1.12 

0.01 

0.11 
0.19 

0.08 

* 

1.00 
1.45 

* 

0.08 
0.02 

0.01 
0.01 
0.64 

0.01 
0.01 

0.03 

0.81 

0.02 

0.08 

• 
0.10 
0.16 

0.05 

• 

0.88 

* 
0.05 

0.17 

1.41 

0.12 
0.15 

0.04 

« 

0.57 

* 
0.04 

0.22 

1.14 

• 
0.17 
0.07 

0.04 

« 

0.67 

• 
0.21 

>m 
* 

0.08 
1.14 

0.01 

* 

0.01 
0.16 
0.08 

0.05 

* 

0.60 

• 
0.05 

0.16 
1.07 

0.06 
0.10 

0.10 

* 

0.46 

* 
0.12 

0.42 

1.26 

1,.          . 

2,  .        . 
8,.       . 

4,.       . 
6..       . 
6,.       . 
T.  .       . 
8,.       . 
0.  .      . 

10,  .        . 
11,.        . 
12,.        . 
18,  .        . 
14..        . 

15,  .        . 

16,  . 

17,.        . 
18,  .       . 
19,.       . 
20,  .        . 
21,.        . 
22,  .        . 
28,  .        . 
24,  .        . 
26.  .        . 
26,.        . 
2T.  .        . 
28,  .       . 
29,.        . 
80,.        . 

Totals, 

0.20 
0.10 
0.10 
0.10 
0.60 

0.10 
0.05 
0.05 

0.05 
0.25 
0.20 

0.10 
0.10 
2.00 

0.25 

* 
0.63 

* 
0.16 

• 
* 
* 

0.60 
0.04 
1.58 

0.26 
0.08 
0.79 

0.23 
0.55 

0.80 
0.82 

0.27 
2.76 

0.88 

• 
• 
• 

0.90 

• 

* 

1.42 

0.20 
0.01 

0.37 
3.28 

0.48 

0.02 

• 
• 

1.06 

* 
* 
• 

1.41 

0.08 
0.22 

8.24 

• 

0.29 

* 
0.61 

* 

• 

* 

0.72 

0.05 
0.07 

0.28 
2.02 

• 
0.88 
0.02 

• 
0.07 

* 
* 
* 

1.06 

0.02 
0.03 

• 
0.21 

mm 

2.69 

1.80 

! 

0.12' 

1 

0.80 

1 

0.06 

• 
0.70 
0.06 
0.28 

0.03 
0.14 

0.16 
0.06 
8.70 

1.80 
0.06 

0.67 

« 

1.10 

• 

0.88 

* 

0.06 

• 

0.18 

0.80 
0.40 

0.20 

5.11 

1 

*  Precipitation  Incladcd  in  that  of  followiog  day. 
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Daily  BainfaU  in  Inches  at  Nine  Placet  in  Massachutelta,  OeographicaUy  aeUcled 

—  Continued. 


Maj,  ISM. 

Jwie,  1S»4. 

DAT 

or 

MOITR. 

1 

5 

1 

a 

< 

1 

• 

i 

a 

1 

1 

• 

1 

e 

D 

1 

2 

DAT 

or 

MOVTR. 

1 

1 
f 

< 

1 

< 

j 

«• 

\ 

• 

1 

i 

• 

1 

e 
a 

1 

I 

'A 

1.  .      . 

3,  .       . 
8,   .       . 

4.  .       . 
».   .       . 
«,   .       . 
T.  .       . 
8.   .       . 
».   .       . 

10,  .       . 

11,  .       . 

13.  .       . 
M.    .       . 

14,  .       . 
1*.   .       . 

le.  .     . 

IT,  .      . 

18,  .       . 

19,  .       . 

ao,  .     . 

31,  .      . 
23,    .       . 
28,    .       . 

34,    .       . 

2*.    .       . 

26.  .       . 

27,  .       . 

28,  .       . 

29.  .       . 

80,  .       . 

81,  .       . 

0.12 

0.08 

0.26 
0.07 

O.OS 

0.06 
0.56 
0.15 

0.42 
0.88 
0.16 

• 
0.62 

0.88 

• 

0.22 
0.30 
0.03 

0.11 

1.22 
0.85 

0.07 

0.14 
0.81 
0.08 

0.03 

O.OS 
0.40 
0.08 
0.04 

0.06 
t.OO 
0.14 

0.80 
0.40 

0.11 

0.80 
0.01 

0.08 

• 

0.78 

• 

0.81 

• 

0.08 
0.06 
0.03 

1.62 
0.46 

0.26 

• 

0.80 

0.65 

• 

0.07 

• 
0.05 
0.05 

1.17 
0.88 

• 
0.84 
0.17 

0.83 
0.05 

1.82 

0.80 

1 

• 

0.24 
0.50 

0.01 

0.88 

• 

0.23 

0.08 

• 

1.71 

0.40 
0.78 

0.00 

0.02 

0.27 
0.06 

• 
0.18 
0.15 

• 

l.OO 
0.10 
0.28 

0.55 
1. 14 

0.01 

0.28 
0.07 

0.02, 
0.42' 
0.02. 

1 

• 

1.05 

0.78 
1.06 

I,.       . 
8.  .       . 
8,.       . 

4,.       . 

6.  .       . 
6,.       . 

7..       . 
8..       . 
0.  .      . 

10,  .        . 
11,.        . 
13,  .       . 
18,.       . 
14,.        . 
16,  . 

16,  .       . 
17,.        . 
18,  . 

10,.       . 
30..       . 
21,.        . 
22,.        . 
28,.        . 
24.  .        . 
26,.        . 

26,  .        . 

27.  .       . 
28,.        . 
20.  .        . 
30,.        . 

Totals, 

0.20 
0.10 
0.06 

0.01 

0.06 
0.12 

1.46 
2.01 

0.68 

0.16 
1.28 

0.08 
0.81 

0.02 
0.02 

0.16 
0.01 

0.26 
0.47 

0.02 
0.88 

• 
0.82 

0.20 

0.56 
0.04 

• 
0.16 

O.OS 

• 
0.64 

• 
0.18 

0.02 
0.26 

•» 

0.16 

0.10 

• 
0.10 
0.18 
0.10 

0.10 
0.15 

0.23 

• 

0.08 
0.01 
0.01 
0.06 
0.06 

• 
0.01 

• 
0.04 

0.01 

0.08 

• 

0.80 

TOTAU, 

8.29 

8.50 

4.06 

4.87 

4.27j4.00 

4.78 

3.83 

4.60 

1 

2.52 

1.68 

1.11 

0.20 

0.54 

0.62 

1 

0.78 

0.77 

*  PraclpltBtloB  Ineladed  In  that  of  following  diiy. 
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Daily  SainfaU  in  Inches  at  Nine  PUuxa  in  Matsachtaetta,  QeographicdUy  seleefed 

—  Concluded. 


Movenaker,  19M. 

D^eenaber,  im4. 

• 

- 

N 

•< 

Q 

i 

5 

-< 

1 

S 

• 

e 

1 

■ 

9 

e 

1 

• 
o 

a 

• 

• 

1 

• 

1 

a 

• 

1 

i 

1 

1 

•a 

t 

a 

•< 

s 
1 

• 

9 

a 
1 

s 

1 

• 

s 

5 

1 

• 

B 
0 

•a 
•• 

a 

1 

• 

1,    . 

- 

• 

• 

• 

- 

- 

- 

- 

- 

1,   . 

* 

* 

- 

- 

- 

- 

- 

• 

2.    . 

- 

- 

- 

. 

- 

- 

- 

- 

- 

2,   . 

0.58 

0.69 

0.36 

0.52 

0.47 

« 

* 

- 

• 

s,  . 

I.IO 

1.18 

1.07 

0.00 

0.60 

0.44 

0.82 

0.45 

0.62 

3,  . 

- 

- 

- 

- 

- 

0.44 

0.45 

- 

0.74 

4,    . 

- 

• 

- 

- 

- 

- 

- 

- 

- 

4,   . 

- 

- 

- 

- 

- 

- 

- 

- 

5,    . 

1.08 

1.05 

1.20 

* 

• 

• 

- 

* 

* 

5,   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

«,    . 

0.82 

- 

0.29 

1.26 

1.43 

1.12 

1.98 

1.86 

2.05' 

6,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7.    . 

0.00 

- 

- 

- 

- 

- 

- 

- 

7,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8.    . 

- 

• 

0.28 

0.88 

0.87 

* 

* 

0.84 

« 

8,  . 

* 

• 

0.10 

* 

* 

* 

• 

* 

* 

9,    . 

- 

• 

- 

• 

• 

0.230.81 

0.05 

• 

».  . 

0.72 

0.55 

0.75 

• 

0.78 

*  0.02 

0.46 

* 

10,    . 

0.80 

0.62 

0.29 

0.28 

0.80 

0.28  0.06  0.45 

0.61 

10,  . 

- 

- 

0.02 

0.02 

- 

0.52       . 

* 

0.64 

11.    . 

- 

- 

- 

- 

- 

- 

0.47 

- 

11.  . 

* 

- 

0.14       ♦ 

* 

• 

• 

0.06 

• 

12,   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12.   . 

1.24 

1.27 

0.55  0.90 

0.94 

0.38 

* 

0.75 

0.36 

18,    . 

- 

* 

0.04 

• 

- 

* 

* 

0.02 

0.05 

18,   . 

- 

- 

- 

- 

- 

- 

0.78 

- 

- 

M,    . 

0.04 

0.05 

^ 

0.16 

0.17 

0.12 

0.020.17 

0.12 

14,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15.    . 

- 

- 

- 

- 

- 

- 

0.08     - 

- 

15,   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1«.  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17,    . 

0.08 

- 

0.05 

0.08 

0.11 

0.02 

0.11 

0.29 

0.30 

17,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19,    . 

0.12 

- 

0.12 

- 

- 

0.07 

- 

- 

0.09 

19.  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20,    . 

- 

- 

- 

0.41 

- 

- 

- 

- 

- 

20,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21,    . 

0.17 

0.24 

0.80 

- 

0.21 

* 

* 

0.83 

0.29 

21,   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22,    . 

- 

- 

- 

- 

- 

0.83 

O.ll 

- 

- 

22,  . 

- 

0.06 

- 

- 

- 

- 

- 

- 

- 

23,    . 

0.06 

• 

0.01 

- 

- 

• 

- 

0.07 

0.02 

23.  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24.    . 

- 

- 

- 

- 

- 

0.03 

- 

- 

0.04 

24,   . 

• 

0.14 

- 

* 

- 

- 

♦ 

- 

25.    . 

0.08 

- 

- 

0.16 

0.12 

0.08 

0.14 

0.11 

0.05 

25,  . 

0.22 

- 

0.03 

0.24 

0.22 

- 

0.15 

0.37 

0.78 

20,    . 

- 

- 

- 

- 

- 

- 

- 

~ 

- 

26,  . 

* 

* 

• 

* 

* 

0.04 

- 

• 

• 

27,    . 

- 

- 

- 

- 

- 

- 

- 

0.08 

0.01 

27,  . 

1.20 

1.34 

1.83 

2.53 

1.65 

1.77 

2.36 

2.75 

3.07 

28,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1  28,   . 

- 

- 

- 

mm 

- 

- 

- 

- 

29,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29.  . 

- 

- 

- 

- 

- 

- 

- 

- 

0.08 

ao.  • 

0.07 

- 

0.05 

O.IO 

0.10 

0.06 

0.08 

" 

0.10 

80,  . 
31,  . 

. 

^ 

3.28 

4.81 

4.06 

8.15 

4.31 

" 

Tot., 

4.07!3.O4'8.68 

1        1 

8.43|3.4l|2.73 

3.68  3.72*4.25 

1        1 

Tot., 

3.91   4.05 

4.39   5.57 

Totals  fob  the  Ybab,    .... 

• 

31.4131.09  33.13 

40.29 

1 
38.17  31.35 

35.57  39.16 

i 

45.12 

*  PreolpitBlion  Inolnded  In  that  of  following  day. 

t  Estimated  from  records  of  Adjacent  stations;  no  dally  dlstribatlon  given  for  Ludlow. 
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Flow  op  Streams. 

The  records  of  the  flow  of  the  Sudbury  River  for  1894  indicate 
that  the  flow  of  the  streams  of  the  State  was  slightly  less  than  for 
the  year  1892,  and  was,  with  two  exceptions,  the  least  during  the 
past  twenty  years,  the  flow  for  the  year  being  73  per  cent,  of  the 
ayerage.  The  drier  years  were  1880  and  1883,  and  the  correspond- 
ing percentages  were  respectively  55  and  50.  The  flow  was  below 
the  average  in  every  month  of  the  year,  the  deficiency  being  most 
marked  in  the  first  five  months.  The  conditions  resembled  strongly 
those  existing  in  1892,  in  that  the  flow  of  the  streams  was  nearly  the 
same,  and  in  each  case  the  last  seven  months  of  the  preceding  year 
were  very  dry. 

The  eflfect  upon  communities  which  derive  their  supplies  from 
large  ponds  fed  by  small  water-sheds  was  much  the  same  as  in  1892, 
and  the  ponds  were  drawn  in  many  cases  to  a  lower  level  than  ever 
before ;  but  much  greater  inconvenience  was  caused  than  in  1892  to 
those  communities  which  derive  their  supply  from  large  water-sheds 
with  comparatively  small  storage,  from  which  water  usually  runs  to 
waste  in  the  spring,  and  which  are  to  a  considerable  degree  de- 
pendent for  their  supplies  upon  the  summer  flow  of  the  streams,  owing 
to  the  small  flow  during  the  summer  months.  The  flow  of  the  Sud- 
bury River  for  the  four  months  from  June  to  September,  1894,  was 
very  nearly  the  same  as  that  for  the  corresponding  months  of  1893. 

TMe  shounng  the  Average  Monthly  Flow  of  Sudbury  River  for  the  Year  1894,  in 
Cubic  Feet  per  Second  per  Square  Mile  oj  Drainage  Area,  also  Departures 
from  the  Normal  Flow. 


MONTH. 


Nouf  AL  Flow. 

Cubic  Feet  per 

Becond  p«r 

Bquare  Mile. 


Actual  Flow 

IK  ia»4. 

Cubic  Feet  per 

Second  per 

Square  Mile. 


EZCKM  OB  Dk- 
flCIKKCT. 

Cubic  Feet  per 

Hecond  per 

Square  Mile. 


Jananry 

February,       ....... 

Marcti. 

April, 

May 

June 

July, 

August,  ........ 

September, •       • 

October •       • 

NoTembier, 

l>6cemt>er,      ....... 

Atsbags.       .       .       .       .       .       • 


1.888 

2.eu 

4.403 
8.141 
l.Slfl 
0.7&5 
0.286 
0.447 
0.3S3 
0.778 
1.820 
1.648 


1.687 


1.072 
1.68S 
8.403 
2.638 
1.290 
0.648 
0.240 
0.824 
0.231 
0.670 
1.203 
1.106 


1.192 


—0.816 
— 1.4i2 
—0.940 
—0.603 
—0.617 
—0.107 
—0.037 
—0. 123 
—0.162 
—0.190 
> 0.036 
—0.440 


—0.446 


This  table  has  been  prepared  in  order  to  show  the  relation  be- 
tween the  flow  of  the  Sudbury  River  during  each  month  of  1894 
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and  the  normal  flow  of  the  same  river  as  deduced  from  twenty  years' 
observations,  from  1875  to  1894  inclusive.  The  area  of  the  water- 
shed of  the  Sudbury  River  above  the  point  of  measurement  is  75.2 
square  miles. 

The  next  table  shows  the  weekly  fluctuations,  during  1894,  in  the 
flow  of  the  two  streams  most  carefully  measured,  namely,  the  Sud- 
bury and  the  Merrimack.  The  flow  of  these  streams,  particularly 
the  Sudbury,  will  serve  to  indicate  the  condition  of  other  streams  in 
eastern  Massachusetts :  — 

Table  showing  the  Average  Weekly  Flow  of  (he  Sudbury  and  Merrimack  Rivers^  in 
Cubic  Feet  per  Second  per  Square  Mile  of  Drainage  Area,  for  the  Year  1894. 


SUDBUST 

Kivxa. 

Mkrximack 

KlVBB. 

RUDBDKT 

Kivaa. 

Mbbbimack 

KlVKB. 

Wkkk  BKDDra  Sumdat  — 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Cubic  Feet 

per 

Second 

per  8qaare 

Mile. 

Wbkx  kkdixo  Suxdat— 

Cubic  Feet 

per 

Second 

per  8quare 

Mile. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Jan.    7,    . 

1.240 

0.858 

July    8,    . 

• 

0.198 

0.583 

14.    .       . 

0.006 

0.999 

15,    .       . 

• 

0.009 

0.511 

21,    .        , 

0.047 

0.820 

22.    .       , 

• 

0.111 

0.453 

28,    . 

1.151 

0.066 

29,    .       . 

t 

0.424 

0.461 

Feb.    4,    . 

1.143 

0.845 

Ang.   5,    . 

• 

» 

0.418 

0.408 

11,    .       . 

1.134 

0.029 

12,    .       . 

1 

0.174 

o.aoo 

18,    . 

1.514 

1.142 

19,    .        . 

a 

0.085 

0.867 

25,    .       . 

2.851 

1.560 

26,    .       . 

1 

0.826 

0.836 

Har.    4,    . 

2.192 

1.296 

Sept.  2.    . 

< 

0.045 

0.8S9 

11,    .       , 

7.145 

8.900 

9,    .       . 

)            « 

0.073 

0.266 

18,    .        . 

8.089 

8.768 

16,    .       . 

1            « 

--0.114 

0.894 

25.    .        , 

2.480 

8.864 

28,    . 

►            1 

0.429 

0.504 

Apr.    1,    . 

1.804 

2.836 

80.    .       , 

a 

0.004 

0.480 

8.    .       . 

1.586 

1.869 

Oct.    7,    . 

• 

0.094 

0.890 

15,    .       , 

8.7ie 

2.025 

14,    .        . 

»            i 

0.656 

0.464 

22.    .        . 

8.888 

2.480 

21,    .       , 

*            1 

0.254 

0.581 

29,    . 

2.110 

8.886 

28.    .        , 

1                  4 

0.764 

0.450 

May    6,    . 

1.220 

1.798 

Not.    4,    • 

• 

0.980 

0.57V 

13,    . 

0.786 

1.868 

11.    .       . 

•                  < 

1.747 

1.000 

20.    .        , 

0.740 

0.810 

18,    . 

• 

1.279 

0.718 

27,    . 

1.812 

1.680 

26,    . 

» 

1.106 

0.750 

June   8,    . 

2.449 

2.703 

Dec.    S,    • 

t 

0.963 

0.598 

10,    . 

0.828 

2.249 

».    . 

• 

0.754 

0.541 

17.    . 

0.301 

1.012 

16,    . 

* 

1.647 

0.731 

24,    . 

0.418 

0.792 

23,    . 

• 

1.603 

0.864 

Jnly    1,    . 

0.200 

0.715 

80,    . 

■ 

1.081 

0.560 
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In  the  annual  report  of  the  State  Board  of  Health  for  the  year 
1890  (pages  338  to  340)  a  table  was  printed  giving  records  of  the 
rainfall  upon  the  Sudbury  River  water-shed  and  its  yield,  expressed 
in  inches  in  depth  upon  the  water-shed  (inches  of  rainfall  collected) , 
for  the  sixteen  years  from  1875  to  1890  inclusive.  The  correspond- 
ing records  for  the  years  1&91  and  1892,  as  taken  from  the  annual 
reports  of  the  Boston  Water  Board,  were  given  in  the  annual  report 
for  1892,  and  the  record  for  the  year  1893  in  the  annual  report  for  that 
year.  In  the  following  table  is  given  the  record  for  1894,  together 
with  the  average  of  the  records  for  the  whole  twenty  yeara :  — 


Rainfail  Received  and  Collected 

on  the  Suddury  River  Watershed 

■ 

ISM. 

MmAW  voB  90  Ybarc, 
1975-18»4. 

MONTH. 

lUlBfall. 

BalnfkU 
CoUeoted. 

Per  Cent 
Collected. 

!  lUlnlUL 

1 

BainfaU 
Collected. 

Per  CenL 

CoUected. 

J*niifti7,  • 

>               •              a 

•            •            ■ 

4.000 

1.280 

80.23 

4.888 

2.177 

60.18 

Febraary, 

8.010 

1.6M 

40.82 

4.278 

8.104 

72.64 

March.      .       < 

1.485 

8.002 

378.10 

4.446 

6.076 

114.20 

AprU, 

8.4U 

2.832 

82.93 

8.244 

8.606 

108.06 

May. .       . 

4.236 

1.408 

86.37 

8.48ft 

3.093 

60.06 

Jon«, 

1.166 

0.T23 

02.60 

2.801 

0.843 

29.13 

July..       .       . 

8.266 

0.287 

8.82 

8.700 

0.880 

89.19 

August, 

2.080 

0.878 

18.87 

4.212 

0.616 

12.28 

Bcpftember, 

2.086 

0.268 

9.79 

8.066 

0.427 

18.98 

October,    . 

6.846 

0.068 

12.60 

4.260 

0.897 

21.11 

Kovember. 

8.426 

1.443 

42.10 

4.011 

1.488 

86.97 

I>eoemb«r, 

1            • 

4.810 

1.277 

26.66 

8.692 

1.786 

48.86 

TOTAI^  AUk 

[D  A 

rmKA 

exs. 

89.740 

16.182 

40.72 

46.606 

22.284 

48.76 

The  Sudbury  River  records  are  particularly  valuable  as  a  basis  for 
estimating  the  yield  of  other  water-sheds  in  Massachusetts,  both  on 
account  of  the  accuracy  with  which  the  measurements  have  been 
made  during  the  whole  twenty  years,  and  the  absence  of  abnormal 
conditions  which  would  unfavorably  affect  the  results.  It  is  there- 
fore thought  advisable  to  publish  in  the  following  table  those  por- 
tions of  the  records  relating  to  the  yield  of  this  water-shed  for  each 
of  the  twenty  years ;  and  in  doing  so  the  flow  from  the  water-shed 
is  expressed  in  gallons  per  day  per  square  mile,  instead  of  inches  in 
depth  of  rainfall  collected,  in  order  to  render  the  table  more  con- 
venient for  use  in  estimating  the  probable  yield  of  water-sheds  used 
as  sources  of  water  supply. 
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Tield  of  the  Sudbury  River  Watershed  in  OaUona  Per  Day  Per  Square  Mile.* 


MONTH. 

1979. 

1979. 

1977. 

1979. 

1979. 

1980. 

1991. 

January 

108.000 

643,000 

658,000 

1.810,000 

700,000 

1,121,000 

416,000 

February, . 

1.406.000 

1.368,000 

949.000 

2,465.000 

1,711.000 

1.787.000 

1.648.000 

March, 

1,604,000 

4,436.000 

4,813,000 

8.507,000 

2.330,000 

1,874,000 

4.004,000 

April, 

8,049,000 

3,292,000 

2,394,000 

1,626,000 

3,116,000 

1,168,000 

1,646.000 

May,  . 

1,188,000 

1,139,000 

1,391.000 

1,894.000 

1,114.000 

614,000 

965.000 

June,  • 

870,000 

222,000 

697.000 

606,000 

413,000 

176,000 

1.S3S.OO0 

July, . 

821,000 

183,000 

202.000 

128,000 

168.000 

177.000 

276.000 

August,     . 

896,000 

405,000 

121.000 

475.000 

805,000 

119.000 

148.000 

September, 

207,000 

.164,000 

60.000 

160.000 

141,000 

80,000 

197.000 

October,    . 

646.000 

234,000 

632.U00 

616,000 

71,000 

101.000 

186,000 

November, 

1,302,000 

1,088,000 

1,418.000 

1.693.000 

206,000 

206.000 

806,000 

December, 

684.000 

464,000 

1,289,000 

3,177,000 

462,000 

175.000 

775,000 

Average  for  whole  year. 

972,000 

1,136,000 

1,214,000 

1,452,000 

894,000 

678,000 

979,000 

Av'ge  for  driest  six  montha. 

674,000 

884,000 

602,000 

682,000 

280,000 

143,000 

830,000 

MONTH. 

199S. 

199S. 

1994. 

1999. 

1999. 

1997. 

1998. 

January,    . 
February, . 
March, 
April, 
May,  .       . 
June, . 
July,  . 
August,     . 
September, 
October,    . 
November, 
December, 

1,241,000 

2,403,000 

2.839.000 

867.000 

1,202.000 

529.000 

86.000 

65,000 

806,000 

299.000 

210,000 

314,000 

336,000 

1,033,000 

1,611,000 

1,360,000 

938,000 

800,000 

116,000 

78,000 

91.000 

186,000 

205,000 

198,000 

995,000 

2,842,000 

3,785,000 

2.853,000 

1,030,000 

417,000 

224.000 

257,000 

44,000 

83,000 

175,000 

025,000 

1,236,000 

1,364,000 

1,672.000 

1,816.000 

1,338.000 

426.000 

62.000 

240.000 

121,000 

336,000 

1,178,000 

1,174,000 

1,461.000 

4,800,000 

2.050.000 

1,947,000 

720,000 

203,000 

115.000 

04,000 

118,000 

148.000 

673.000 

1.020,000 

2,589.000 

2,829,000 

2,86^,000 

2,620.000 

1,009,000 

414,000 

114,000 

214.000 

111,000 

190.000 

868,000 

643,000 

1,068,000 

1,951,000 

3.237.000 

2,645,000 

1.632.000 

422,000 

117.000 

380.000 

1,156,000 

1.999,000 

2,758.000 

3,043,000 

Average  for  ¥ 
Av'ge  for  drlc 

rhole 

iStSi 

yeai 
X  mo 

Dths, 

862,000 
211,000 

683,000 
146,000 

1,129,000 
200,000 

901,000 
391,000 

1,087,000 
228,000 

1,164,000 
234,000 

1,697.000 
063,000 

MONTH. 

1999. 

1990. 

1991. 

1999. 

1999. 

1994. 

Moan  for  SO 

Years, 
1975-1994, 

Inclusive. 

January,   . 
February, . 
March, 
April, 
May,  .       . 
June, . 
July, . 
August,     . 
September, 
October,    , 
November, 
December, 

'       * 

2,782,000 

1,195,000 

1,339,000 

1,410,000 

880,000 

653,000 

633,000 

1,432,000 

824,000 

1,230,000 

1.941,000 

2,241,000 

1,264.000 

1,529.000 

3.643,000 

1,875,000 

1,368,000 

668.000 

108,000 

132,000 

458,000 

2.272,000 

1,215,000 

997,000 

3,018,000 

3,486,000 

4.453.000 

2,397,000 

682.000 

414,000 

149.000 

163.000 

203,000 

210.000 

305.000 

644,000 

1,816,000 

280,000 

1,870,000 
943.000 

1,955.000 
871,000 

1,259.000 
428,000 
214.000 
280.000 
229.000 
126.000 
697,000 
485,000 

781,000 

827,000 

433,000 

1.642.000 

8,245,000 

2,125,000 

2,883,000 

440,000 

168,000 

181.000 

108,000 

221.000 

319,000 

797,000 

1,037,000 

287,000 

098,000 
991,000 
2.238.000 
1,640,000 
840,000 
419,000 
161,000 
209.000 
150.000; 
874.000' 
836.000 
716,000 

1,220,000 

1.910.000 

2.845,000 

2,030,000 

1,174,000 

488.000 

185,000 

289.000 

247,000 

503,000 

869.000 

1,000,000 

Average  for  v 
Av'ge  for  dri< 

rhole 
MtsI 

tyea 
zmo 

Dths, 

1,383,000 
944,000 

1,285,000 
747,000 

770,000 
866,000 

1,068,000 
306,000 

*  The  area  of  the  Sudbury  River  water-shed  used  in  making  up  these  records  included  water  aar> 
faces  amounting  to  about  one  per  cent,  of  the  whole  area,  from  1876  to  1878  Inclusive,  and  subsequently 
increasing  by  the  conatrnction  of  storage  reservoirs  to  about  three  per  cent,  in  1886.  The  water-shed 
also  contains  extensive  areas  of  swampy  land,  which,  though  covered  with  water  at  tlmea,  are  not 
Included  in  the  above  percentages  of  water  sarfacea. 
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THE  GOMPOSraON  OF  THE  WATER  OF  DEEP  WELLS  IN 

BOSTON  AND  VICINITY. 


By  Thomas  M.  Drown,  M.D.,  Chemist  of  the  Board. 


There  are  a  great  many  wells  in  and  around  Boston  of  private 
ownership,  mostly  in  connection  with  factories,  the  waters  of  which 
are  variously  used  for  drinking  or  manufacturing  purposes.  The 
wells  vary  in  depth  from  comparatively  shallow  wells  of  80  to  100 
feet  to  deep  wells  of  over  1,000  feet. 

It  was  thought  desirable  to  ascertain  the  composition  of  these 
waters,  not  only  with  reference  to  their  sanitary  quality,  but  also  as 
regards  their  minieral  contents. 

The  consent  of  all  the  owners  of  these  wells  was  cheerfully  given 
to  collect  samples  for  analysis,  and  information  was  also  furnished 
regarding  the  depth  of  the  wells,  but  other  details,  such  as  the 
character  of  the  soils  or  rocks  through  which  the  wells  were  sunk, 
were  not  generally  known.  The  results  of  the  analyses  and  the 
depths  of  the  wells  are  given  in  tables  which  follow. 

In  the  area  embracing  these  wells  there  are  two  important  rock 
formations,  —  the  conglomerate,  which  is  limited  to  the  Highland 
district  in  Koxbury,  and  the  slate,  which  underlies  Boston  proper. 
South  Boston,  Charlestown,  Cambridge,  etc.  The  conglomerate  is 
found  at  most  points  quite  near  the  surface,  while  the  slate,  being 
more  deeply  eroded,  is  usually  covered  by  from  50  to  200  or  more 
feet  of  drift,  chiefly  stratified  clay.  The  character  of  the  strata 
passed  through  in  sinking  the  wells  in  the  slate  region  is  not  cer- 
tainly known,  but  it  is  not  unlikely  that  the  two  1,200-foot  wells  in 
South  Boston  pass  through  the  slate  into  the  underlying  conglom- 
erate.* 


•  I  am  indebted  to  Prof.  W.  O  Ciosbj,  of  tbe  Mastachasetts  Inttitiite  of  Technology,  for 
the  statement  of  tbe  geology  of  this  region. 
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The  mineral  analyses  include  the  determination  of  silica,  alumina, 
oxide  of  iron,  oxide  of  manganese,  lime,  magnesia  and  sulphuric 
acid.  No  determinations  of  alkalies  were  made.  It  is  probable  that 
sufficient  sodium  is  always  present  in  these  waters  to  combine  with 
all  the  chlorine.  The  sulphuric  acid  may  be  assumed  to  be  entirely 
combined  with  lime,  forming  sulphate  of  lime,  since  it  will  separate 
out  in  this  form  when  the  waters  are  evaporated  in  boilers.  The 
magnesia  and  the  lime,  over  the  amount  needed  to  combine  with  the 
sulphuric  acid,  are  probably  present  as  bicarbonates. 

In  the  use  of  these  waters  for  boilers  the  sulphates  and  carbonates 
of  lime  and  magnesia,  the  oxides  of  iron  and  manganese,  the  alumina 
and  silica  all  contribute  to  the  formation  of  scale,  the  sulphate  of 
lime  being  the  most  objectionable  in  this  respect,  since  it  forms  a 
hard,  stony  scale,  difficult  to  remove  from  the  boiler. 

There  is  a  general  similarity  in  the  waters  from  the  Roxbury  dis- 
trict, notwithstanding  the  fact  that  wells  vary  in  depth  from  28  feet 
to  nearly  800  feet.  Coincident  high  chlorine  and  nitrates  point  to 
considerable  previous  organic  contamination  by  surface  drainage, 
and  the  low  ammonias  and  oxygen  consumed  indicate  that  the  proc- 
esses of  purification  have  been  in  most  cases  nearly  complete. 

Thus  sixteen  out  of  the  twenty-one  wells  examined  in  the  Rox- 
bury district  contained  from  2.10  parts  of  chlorine  per  100,000  to 
5.99  parts,  a  range  commonly  met  with  in  wells  which  have  received 
sewage  or  house  drainage,  and  all  of  these  waters  contained  a  con- 
siderable amount  of  nitrates,  which  confirms  the  theory  that  these 
wells  receive  surface  drainage  of  a  populous  region.  Five  of  the 
wells  of  this  region  have  chlorine  from  13.64  to  50.40  parts  per 
100,000,  with  correspondingly  high  solids  and  hardness.  Without 
definite  knowledge  of  the  origin  of  this  abnormally  large  amount  of 
mineral  matters  in  these  five  wells,  it  may  be  suggested  that  manu- 
facturing wastes  of  some  kind  are  the  cause. 

It  is  fair  to  assume  that  the  analyses  given  of  the  sixteen  wells 
above  mentioned  represent  the  general  character  of  the  water  in 
this  conglomerate.  They  correspond  closely  —  in  solids,  hardness, 
chlorine  and  nitrates  —  with  the  waters  from  many  town  pumps 
and  wells  in  districts  with  large  population,  also  with  under- 
drains  of  sewers  in  populous  districts  before  sewage  has  been 
admitted  to  them,  showing  satisfactorily  that  there  is  in  these  wells 
a  considerable  amount  of  previous  pollution  from  house  drainage  or 
sewage.     Most  of  the  waters,  as  mentioned  above,  show  by  their 
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low  ammonias  and  oxygen  consumed,  that  the  greater  part  of  the 
organic  matter  originally  present  has  been  destroyed  by  oxidation. 

Of  the  wells  in  Cambridge  and  Cbarlestown,  all,  with  one  excep- 
tion, show  a  much  larger  amount  of  chlorine,  solids  and  hardness  than 
can  be  attributed  to  sewage,  and  we  must  assume  that  these  are  due 
to  sea  water,  either  from  direct  infiltration  or  from  fossil  sea  water 
of  high  antiquity  in  the  rocks.  This  view  of  the  origin  of  these 
mineral  matters  is  also  supported  by  the  general  absence  of  nitrates 
in  these  waters. 

The  waters  represented  by  samples  Nos.  12258,  12814, 12201  and 
122'jO  of  the  South  End  group  and  12200  of  the  Back  Bay  group 
have  the  same  general  character  as  those  in  Charlestown,  and  infil- 
tration of  sea  water  is  here,  without  doubt,  the  origin  of  the  high 
solids.     Here,  too,  we  have  the  almost  complete  absence  of  nitrates. 

The  wells  examined  in  Boston  proper,  South  Boston  and  those 
from  which  samples  Nos.  12198,  12199  and  12242  at  the  South  End 
were  collected  showed  an  amount  of  solids  and  chlorine  greater  than 
those  in  the  Koxbury  district,  but  much  less  than  in  the  Back  Bay, 
other  portions  of  the  South  End  and  Charlestown.  The  fact  that 
the  nitrates  are  generally  low  or  absent  in  these  waters  would  point 
to  an  absence  of  sewage  pollution,  unless  it  be  assumed  that  the  ni- 
trates have  been  reduced  to  free  ammonia,  which  is  present  in  all  of 
them.  The  waters  of  many  of  these  wells,  particularly  in  the  Boston 
and  Charlestown  groups,  contain  considerable  iron  in  solution  in  the 
form  of  protoxide.  These  waters  are  clear  and  colorless  as  they 
come  from  the  ground  but  quickly  become  turbid  (milky)  on  ex- 
posure, to  the  air,  and  ultimately  deposit  a  rusty  sediment.  The 
turbidity  as  recorded  in  the  tables  refers  to  the  water  which  has  been 
more  or  less  exposed  to  the  air  for  about  twenty-four  hours. 

For  a  more  satisfactory  discussion  of  these  well  waters  a  special 
investigation  into  the  surroundings  of  each  well  and  of  the  strata 
through  which  it  passes  would  be  necessary.  With  our  present 
limited  knowledge  of  the  subject  the  above  general  considerations 
as  to  the  origin  of  these  waters  must  serve  to  interpret  the  analyses. 

In  connection  with  the  mineral  analyses  of  these  waters  it  will  be 
interesting  to  consult  a  paper  on  **The  Mineral  Contents  of  Some 
Natural  Waters  in  Massachusetts,"  in  the  24th  annual  report  of  the 
Board. 
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GHEMICA.L  Examination  of  Watrb  fbok 
Soxbury  Group. 

[Parte  per  100,000.] 


I 
§ 


I 

I 


1 

12070 

2 

12080 

8 

12082 

4 

12186 

b 

12816 

6 

12812 

7 

12810 

8 

12811 

0 

12086 

10 

12086 

11 

12110 

12 

12117 

13 

12114 

14 

12083 

15 

12116 

16 

12118 

17 

12116 

18 

12818 

10 

12087 

SO 

12084 

21 

12081 

18»4. 

Apr.  28 

Apr.  28 
Apr.  28 
May  10 
Aag.24 
Aug.  24 
Aug.  24 
AQg.24 
Apr.  28 
Apr.  28 
Apr.  80 
Apr.  80 
Apr.  80 
Apr.  28 
Apr.  80 
Apr.  80 
Apr.  80 
Aug.  24 
Apr.  23 
Apr.  23 
Apr.  28 


Appbabavcb. 


! 


o 

i 


y.ailgbt. 
None. 

Oons., 

floo. 
None. 

None. 

V.allght. 

None. 

None. 

None. 

None. 

None. 

None. 

DlsUnet, 
clayey. 
None. 

Cone., 

earthy. 
Slight. 

V.  slight. 

V.allght. 

None. 

None. 

V.ellght. 
milky. 
None. 

None. 
None. 

None. 

None. 

None. 

V.  Blight. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

V.allght. 

Dlatlnet. 

milky. 

V.allght. 

Slight, 

maty. 
Slight, 
earthy. 

o 


0.00 

0.00 

0.00 

0.00 

0.02 

0.00 

0.10 

0.00 

0.00 

0.00» 

0.08 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.02 

0.00* 

0.08 

0.01* 


Odos. 


Cold. 


None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 


Hot 


None. 

None. 

None. 

None. 

None. 

Faint. 

Faintly 

earthy. 
None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

Faint. 

None. 


t 

a 


100.80 
56.60 
26.60 
80.00 
80.60 
84.60 
88.60 
22.00 
27.40 
31.20* 

113.70 
26.10 
32.20 
39.20 
20.80 
27.00 
17.40 
86.60 
84.00* 
88.10 
28.60* 


AMMOnA. 


I 


.0066 

.1020 

.0012 

.0000 

.0000 

.0000 

.0000 

.0000 

.0016* 

.0002* 

.0064 

.0000 

.0004 

.0050 

.0002 

.0018 

.0002 

.0000 

.0014* 

.0048 

.0000* 


o 

a 

1 

9 
< 


a 

r 

o 
U 


.0042 

.0040 

.0014 

.0012 

.0014 

.0020 

.0026 

.0006 

.0014* 

.0010* 

.0006 

.0010 

.0020 

.0068 

.0028 

.0022 

.0000 

.0014 

.0018*  I 

.0066 

.0016* 


88.60 
13.61 
8.U 
24.42 
25.90 
8.70 
8.00 
2.S0 
2.44 
2.84 
50.40 
2.SS 
8.55 
5.00 
2.10 
6.65 
2.24 
8.70 
8.22 
2.36 
2.35 


•  Theee  determlnationa  were  made  on  water  which  had  heen  Altered  through  filter-paper. 
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Dbkp  Wells  in  Boston  and  Vicinitt 

Boxbury  Oroup. 

[PkrUparlOO.WW.] 
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< 

1 

1 

• 

1 

1 

i 

1 
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29.0 
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1.6787 
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10.8180 

4.9100 

6.9790 

98 

1 

.8250 

.0025 

.0814 

21.0 

.0000 

1.4488 

.1000 

.0000 

- 

7.8288 

8.8188 

6.8100 

98 

9 

.6250 
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.0310 

12.6 

.1047 

1.8800 

.0000 

.0286 

- 

4.8888 

2.8880 

9.9880 

86 

8 

.S500 

.0000 

.0807 

86.6 
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1.6060 

.1450 

.0000 

- 
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8.7840 

68 

4 
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.0000 
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18.6 

.0129 

- 

- 

- 

- 

- 

- 

- 

68 

6 
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.0000 
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14.0 

.0080 

1.0180 

- 

- 

.0470 

6.6000 

9.1900 

8.8228 

84 

8 

1.6O0O 

.0005 

.0164 

14.1 

.0080 

1.0000 

- 

- 

.1470 

6.8880 

9.0*77 

8.9466 

70 

T 

.6000 

.0000 

.0077 

0.7 

.0064 

1.8180 

- 

- 

.1660 

8.9600 

1.6666 

2.2883 

101 

8 

.7600 

.0001 

.0668 

18.5 

.0130 

1.4186 

.0400 

.0000 

- 

6.42S8 

2.4810 

4.0940 

180 

9 

.0350 

.0001 

.0610* 

16.0 

.0020 

1.8680 

.0889 

.0000 

- 

8.2880 

2.8583 

8.9580 
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10 

.0600 

.0011 

.0814 

90.0 

.0129 

1.8183 

- 

- 

.1290 

10.7087 

2.8870 

8.9890 

315 

11 

.IBOO 

.0070 

.0824 

14.5 

.0000 

1.6687 

- 

- 

.1088 

8.2787 

2.9888 

8.9870 

400 

19 

1.0000 

.0000 

.0118 

18.0 

.0129 

1.4183 

.0824 

.0000 

- 

6.2800 

9.4987 

8.8800 

401 

18 

.0250 

.0005 

.0750 

17.6 

.0189 

1.7288 

.0880 

.0000 

- 

8.1500 

8.4788 

4.0880 

407 

14 

.2800 

.0075 

.0408 

14.6 

.0908 

1.58-18 

- 

.0171 

8.8600 

1.9110 

9.8930 

480 

16 

.laoo 

.0018 

.0108 

IS.O 

.0000 

1.8787 

.OMO 

.0000 

- 

6.9987 

1.8788 

9.4990 

600 

18 

.2600 

.0004 

.0070 

10.5 

.0000 

1.6087 

- 

.0487 

8.1800 

1.8828 

9.4840 

608 

17 

.6060 

.0010 

.0077 

10.8 

.0821 

1.4800 

- 

- 

.0580 

6.1180 

4.1090 

8.7495 

808 

18 

.6600 

.0007 

.05S8« 

10.0 

.0084 

1.6787 

- 

- 

.0882 

7.0000 

8.9800 

6.0090 

860 

19 

.5760 

.0010 

.0750 

17.6 

.2187 

1.7800 

.9860 

.0000 

- 

8.4787 

8.4600 

4.1800 

860 

90 

.4400 

.0018 

.0408* 

12.6 

.0084 

1.0287 

.1962 

.0000 

- 

4.6888 

9.8266 

9.8000 

780 

91 

*  In  thoae  analyses  In  which  the  manganeae  was  not  determined  directly.  It  haa  been  Included  with 
the  alumina,  but  in  none  of  these  oasea  was  there  any  oonsiderable  amount  of  oxide  of  manganeae. 
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Chemical  Examination  of  Water  fbom 
Cambridge  Oraup. 

[Parts  per  100,000.] 
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1AM. 

1 

12821 

Aug.  25 
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None. 

0.00 

None. 
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.0002 
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1 

12825 

Aug.  25 

V.  slight. 
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rusty. 

0.05 

None. 

None. 

250.50 

.0492 

.0084 

111.20 

8 

12840 

Sept.    4 

None. 
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0.00 

None. 
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85.00 

.0146 

.0018 

20.60 

Charlestown  Oroup. 


12262 
12822 
12261 

May  21, 
Aug.  25 
May  21 

Decided, 
rusty. 

Sllitht, 
milky. 

Slight, 
milky. 

Cons., 

rusty. 
Cons., 

rusty. 
Slight. 

0.00 

0.10* 

0.00 

12823 

Aug.  25 

None. 

None. 

0.15 

12264 

May   21 

None. 

Slight. 

0.04 

12268 

May  21 

Slight. 

Slight. 

0.02 

10 

12824 

Aug.  25 

Slight. 

Slight, 
rusty. 

0.07 

18 


Faint  ornone. 

None. 

None. 

None. 

Faint  ornone. 

Decided, 

gassy. 
None. 


Distinctly 

unpleasant. 
None. 

DIstlnctiT 

di8agree''ble, 

gassy. 

None. 

None. 

Strongly 

gassy. 

None. 


712.60 
777.10 
204.40 

286.00 

46.50 

206.70 

241.00 


.0300 
.0560 
.0224 

.0212 
.0000 
.0064 
.0106 


.0044  808.50 


.0034 
.0024 

.0022 
.0012 
.0004 

.0018 


Boston,  South  End,  Oroup. 


11 

12258 

May   21 

None. 

None. 

0.05 

12 

12814 

Aug.  24 

None. 

None. 

0.04 

18 

12108 

May   14 

None. 

Slight. 

0.06 

14 

12201 

May   14 

None. 

None. 

0.05 

15 

12100 

May   14 

Decided, 

Cons., 

0.00 

16 
17 

12290 
12242 

June    1 
May   19 

rusty. 
Slight, 

milky. 
Slight, 

milky. 

rusty. 
Slight. 

Slight. 

0.08 
0.08 

Faintiv  dls 
agree'ble,llke 
marsh  gas. 
Sulphuretted 
hydrogen. 
None. 

None. 

Dlsagree*ble, 

Sulphuretted 
hydrogen. 
Distinctly 
disagreeable. 
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Faint  ornone. 

Decidedly 

musty. 
None. 

Disllnctly 
unpleasant. 


Boston,  Back  Bay, 


12200 


May  14 


Slight. 


None. 


0.03 


Distinct,  like 
marsh  gas. 


Faint  or  none. 


108.60 


.0090 


.0008 


335.00 
122,00 

121.00 

4.42 

80.90 

09.70 


1 
204.30 

.0480 

.0016 

202.20 

.0484 

.0016 

62.30 

.0120 

.0016 

157.80 

.0102 

.0006 

56.00 

.0506 

.0014 

172.60 

.0700 

.0012 

75.70 

.0400 

.0010 

03.70 

00.25 
16.96 
67.30 
20.60 
77.08 
90.80 


92.80 


•  This  determination  was  made  on  water  which  had  been  filtered  through  fllter.paper. 
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Deep  Wells  in  Boston  and  VicnoTT  —  Continaed. 

Cambridge  Oroup. 

[ParU  p«r  100,000.] 
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.0607 

84.0 
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Chemical  Examination  of  Wateb  from 
Boston  Proper  Oroup, 

[ParU  per  100,000.] 
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WATER  OF  DEEP  WELLS. 


431 


Deep  Wells  in  Boston  and  Vicinity  —  Concluded. 

Boston  Proper  Oroup. 

[PtfU  per  100»000.] 
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ON  THE  BACTERIAL  CONTENTS  OF  CERTAIN  GROUND  WATERS, 

INCLUDING  DEEP  WELLS. 


By  W.  T.  Sedvwiok,  PhJ>.,  Biologist  of  the  Board,  uid  8.  C.  Pmbsoott,  B.B. 


It  is  commonly  held  by  bacteriologists  that  ground  waters  are 
oomparatively  free  from  bacteria,  and  that  the  waters  of  deep  wells 
are  nearly,  if  not  quite,  sterile.  Sternberg,  in  his  well-known 
*' Manual,"  published  in  1892,  expresses  the  prevailing  opinion 
when  he  remarks  (page  553),  *^It  is  only  in  the  water  of  springs 
and  wells  which  come  from  the  deeper  strata  of  the  soil  that  they 
[bacteria]  are  absent.**  Still  more  recently  Abbott  (**  Principles 
of  Bacteriology,"  1894,  page  479)  aflSrms  that  **  all  waters  except 
deep  ground  water  contain  bacteria."  The  Franklands  (**  Micro- 
organisms in  Water,"  1894,  page  107)  are,  however,  much  more 
guarded,  when,  after  quoting  various  results,  they  state  *^  all  these 
investigations  show  what  a  high  degree  of  bacterial  purity  is  pos- 
sessed by  these  deep  wells;  and,  when  the  enormous  depths  of 
porous  strata  are  taken  into  consideration  through  which  the  water 
gaining  access  to  such  wells  has  to  pass,  this  poverty  in  microbial 
life  is  not  to  be  wondered  at." 

In  the  earlier  bacteriological  work  of  the  State  Board  of  Health 
of  Massachusetts  similar  views  were  held  by  those  engaged  in  actual 
analysis ;  but  more  recently,  with  enlarged  experience  and  improved 
technic,  doubt  has  been  thrown  upon  the  validity  of  the  principle 
that  ground  waters  are  normally  free,  or  nearly  free,  from  bacteria. 
We  have  therefore  made  a  careful  and  somewhat  extended  re- 
examination  of  the  subject,  using  the  most  modern  methods  and 
appliances ;  and  from  our  results  are  forced  to  the  conclusion  that 
ground  waters,  even  the  waters  of  deep  wells,  may  not  be  by  any 
means  an  free  from  bacteria  as  has  been  hitherto  supposed. 

We  have  used  the  ordinary  methods,  but  have  paid  special  atten- 
tion to  the  nutrient  gelatin  employed,  in  respect  to  its  composition* 
acidity  and  sterilization.     The  experiments  were  caiTied  on  chiefly 
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during  the  winter  months,  when  the  liability  to  contamination  was 
least,  owing  to  the  cold  and  the  fact  that  the  ground  was  frozen. 

As  far  as  possible  the  determinations  were  made  immediately  after 
collection  of  the  specimen,  thus  avoiding  any  chance  for  multiplica- 
tion before  the  sample  was  planted.  In  a  majority  of  cases  several 
different  varieties  of  gelatin  or  other  media  have  been  used  in  the 
quantitative  determinations,  thus  affording  special  controls  in  addi- 
tion to  the  usual  blank  determinations,  and  in  almost  all  cases 
duplicate  or  triplicate  determinations  were  made  with  the  medium 
chiefly  relied  on.  The  period  of  incubation  was  in  general  from 
three  to  five  days,  or  even  longer ;  and  the  temperature  of  incuba- 
tion 20O  to  220  C. 

For  convenience  we  may  divide  the  ground  waters  into  two  classes, 
namely,  first,  springs  and  open  wells;  and,  second,  <' tubular '' 
wells.  We  have  done  this  because  the  ordinary  springs  and  open 
wells  form  a  group  by  themselves  in  respect  to  the  possibility  of 
aerial  and  surface  contamination ;  while  the  tubular  wells,  whether 
shallow  or  deep,  are  much  less  exposed  in  this  respect. 

Bacteria  in  Springs  and  Open  Wells. 

Under  this  heading  we  have  examined  not  only  springs,  as  they 
occur  in  the  vicinity  of  cities  or  regions  of  considerably  crowded 
population,  but  also  those  found  in  sparsely  settled  neighborhoods 
and  under  conditions  as  nearly  **  normal"  as  possible,  that  is,  not  in 
any  way  exposed  to  house  drainage  or  sewage  of  any  kind. 

A  series  of  springs  situated  in  a  country  district  of  southern  New 
Hampshire  was  first  selected  for  examination.  The  samples  were 
all  planted  on  the  day  of  collection.  External  conditions  were  quite 
favorable,  as  the  ground  was  frozen,  and  covered  with  six  inches  of 
snow.  No  rain  had  fallen  for  several  days,  thus  reducing  the  lia- 
bility to  contamination  from  surface  water  to  a  minimum. 

Open  Spring  No.  i. — Situated  in  a  field  on  edge  of  meadow.  Water 
comes  up  through  a  stratum  of  clay.  Rate,  several  barrels  per  hour. 
Water  clear  and  colorless.  Date  of  analysis,  Nov.  29,  1894.  Bacteria 
per  cubic  centimeter,  on  gelatin,  252,  258;  on  glycerin  agar,  143,  167. 

Open  Spring  No,  2.  —  About  500  feet  from  No.  1.  Conditions  nearly 
the  same,  but  the  bottom  of  the  spring  is  covered  with  a  layer  of  fine  sedi- 
ment. Algae,  etc.,  grow  in  the  water.  Date  of  analysis,  Nov.  29,  1894. 
Bacteria  per  cubic  centimeter,  gelatin,  163,  134;  glycerin  agar,  133,  133. 
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Open  Spring  No,  3.  —  Situated  in  meadow  at  base  of  a  wooded  hill  400 
feet  high.  No  habitation  within  one-half  mile.  Other  conditions  similar 
to  those  in  No.  2.  Date  of  analysis,  Nov.  29,  1894.  Bacteria  per  cubic 
centimeter,  gelatin,  92,  105 ;  glycerin  agar,  72,  79. 

Open  Spring  No.  4.  —  Situated  on  southern  slope  of  hill  mentioned  in 
description  of  No.  3,  about  150  feet  below  the  summit,  in  wooded  region. 
Oak,  birch  and  pine  trees  all  around.  No  cultivated  land  above.  Soil 
gravelly.  Date  of  analysis,  Nov.  29,  1894.  Bacteria  per  cubic  centi- 
meter, gelatin,  95,  106 ;  glycerin  agar,  89,  96. 

Open  Spring  No.  5.  —  Open  land,  near  top  of  a  hill  used  in  summer  for 
pasture.  Soil  gravelly.  Date  of  analysis,  Nov.  29,  1894.  Bacteria  per 
cubic  centimeter,  gelatin,  193,  218 ;  glycerin  agar,  203,  217. 

Open  Spring  No.  6.  —  Low  land  (pasture),  surrounded  by  shrubs  and 
trees.  No  buildings  anywhere  near.  Date  of  analysis,  Nov.  29,  1894. 
Bacteria  per  cubic  centimeter,  gelatin,  100,  43  ;  glycerin  agar,  72,  36. 

A  series  of  wells  was  next  examined.  These  were  mostly  of  a 
depth  varying  from  15  to  40  feet,  and  the  source  of  water  was 
almost  certainly  a  ground  supply.  Here  the  chances  for  con- 
tamination were  also  slight,  but  not  absent. 

Open  Well  No.  1.  —  Close  to  roadside.  Sandy  soil.  Depth  about  15 
feet.  Operates  by  bucket.  Buildings  5  rods  away.  Date  of  analysis, 
Nov.  29,  1894.  Bacteria  per  cubic  centimeter,  gelatin,  509,  525;  glycerin 
agar,  204,  228. 

Open  WeU  No.  2.  —  On  hill  top.  Sandy  soil.  Depth  about  30  feet. 
Operates  by  bucket.  House  2  rods  away.  Date  of  analysis,  Jan.  2,  1895. 
Bacteria  per  cubic  centimeter,  gelatin,  248,  190 ;  glycerin  agar,  140. 

Open  WeU  No.  3.  —  Near  house.  Conditions  not  so  favorable.  Depth  15 
feet.    Bacteria  per  cubic  centimeter,  gelatin,  602,  560 ;  glycerin  agar,  469. 

Open  Well  No.  4.  —  On  hill  top.  Near  house,  but  yet  favorably  situ- 
ated. Soil  sandy  and  gravelly.  Date  of  analysis,  Jan.  2,  1895.  Bacteria 
per  cubic  centimeter,  gelatin,  335,  332 ;  glycerin  agar,  229. 

Open  spring  No.  6  was  again  examined  about  five  weeks  after  the 
first  analysis  (Jan.  2,  1895).  The  result  was  as  follows:  gelatin, 
201,  216 ;  glycerin  agar,  120  bacteria,  per  cubic  centimeter. 
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Four  wells  of  unknown  depth  were  also  tested  for  bacteria.  Of 
these,  three  were  in  Hyde  Park  and  one  was  in  Arlington.  Besults 
(on  gelatin)  per  cubic  centimeter,  Oct.  27,  1894:  — 

Hyde  Park,  No.  1, 2,084  2.064  2,247 

Hyde  Park,  No.  2, 8,905  8,905  8,640 

Hyde  Park,  No.  3 702  910  871 

Arlington 720  712  768 

Two  samples  of  a  spring  water  of  great  chemical  purity,  sold  in 
Boston,  and  taken  from  a  freshly  opened  carboy,  yielded  on  analysis 
the  following  results  :  sample  No.  1,  gelatin,  223,  261 ;  glycerin  agar, 
207,  197  bacteria,  per  cubic  centimeter;  sample  No.  2  (one  day 
later),  gelatin,  165, 157  ;  glycerin  agar,  166, 157  bacteria,  per  cubic 
centimeter. 

A  spring  water  (so  called,  though  it  was  pumped  through  a  pipe) 
from  Lowell  gave  on  analysis  these  results :  gelatin,  229,  252  bac- 
teria per  cubic  centimeter;  glycerin  agar,  246,  235  bacteria  per 
cubic  centimeter.  A  few  daj'^s  later  samples  of  the  same  <<  spring" 
were  again  taken,  and  yielded  on  analysis  with  gelatin,  625,  658 
bacteria  per  cubic  centimeter;  with  glycerin  agar,  558,  527  per 
cubic  centimeter.  This  spring  (or  well)  is  situated  remote  from 
any  habitation,  but  in  a  field  near  cultivated  land.  The  water  is 
sold  in  Lowell  as  a  <^  spring  water,"  and  from  the  chemical  point  of 
view  is  well  purified. 

The  foregoing  results,  taken  together  with  those  of  other  observers, 
suffice  to  show  that  open  springs  and  wells,  even  when  wholly  un- 
polluted and  **  normal,"  may  contain  larger  numbers  of  bacteria  than 
some  surface  waters,  such  as  many  lakes  and  slow  streams. 


Baoteria  in  Tubular  Wells. 

In  the  foregoing  pages  the  bacterial  contents  of  comparatively  pure 
springs  and  open  wells  only  have  been  recorded.  It  now  remains  to 
consider  another  great  division  of  ground  waters,  namely,  those 
derived  from  **  tubular"  wells,  i.  e.,  wells  of  relatively  great  depth 
and  small  diameter  in  which  (ground)  water  is  delivered  at  the 
surface  from  a  pipe  sunk  more  or  less  deeply  into  the  earth.  Such 
a  well,  if  carefully  constructed,  should  ordinarily  be  perfectly  free 
from  all  surface-water  contamination. 
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From  this  brief  statement  of  the  nature  of  tubular  wells  it  will  be 
seen  that  contamiDation  from  air,  or  from  surface  water,  as  such, 
should  be,  ordinarily,  and  except  in  case  of  fissures,  impossible. 
Any  contamination  must,  it  would  seem,  be  the  result  of  infiltration 
through  a  layer  of  soil  of  considerable  depth,  and  in  this  case  the 
contaminating  fluid  is  no  longer  a  surface  water,  but  a  ground 
water  of  more  or  less  purity,  according  to  the  completeness  of  the 
filtration. 

It  is,  however,  possible  that  bacteria  originally  present,  for  any 
reason,  inside  the  driven  pipe,  or  their  descendants,  continue  to  live 
in  moderate  numbers  within  the  pipe  and  thus  render  the  water 
richer  in  bacteria  than  it  would  otherwise  have  been.  And,  again, 
it  most  be  regarded  as  a  possibility  that  cracks  or  other  openings 
may  be  made  in  the  pipe  by  *<  driving;''  or  that  in  some  methods 
of  construction,  or  under  certain  peculiar  conditions,  a  space  may 
remain,  outside  the  tube,  filled  with  water  derived  from  a  point 
comparatively  near  the  surface  but  passing  down  and  into  the  pipe 
when  the  pumps  are  worked. 

Since  all  true  ground  waters  are  really  filtered  surface  waters,  any 
bacteria  which  they  contain  must  come  from  bacteria  living  in  the 
earth,  or  from  the  original  surface  water,  or  from  the  multiplication 
of  bacteria  derived  from  one  or  both  of  these  sources,  or  else  from 
some  such  sources  as  those  indicated  in  the  last  paragraph.  All  that 
we  have  undertaken  to  prove  is  that  such  waters,  drawn  with  all  pos- 
sible precautions,  do  contain  considerable  numbers  of  bacteria. 


Bacteria  in  Deep  Tubulab  Wells. 

In  collecting  samples  of  water  from  deep  wells  for  bacteriological 
analysis  several  conditions  have  been  carefully  sought  after,  and,  in 
general,  fulfilled.  The  samples  have  always  been  taken  when  the 
pumps  were  actively  working,  and,  with  two  exceptions,  after 
several  hours  of  continuous  pumping.  Two  of  the  samples  were 
taken  after  the  pump  had  been  working  but  a  few  minutes. 

The  samples  have  always  been  collected  at  the  point  of  outflow 
nearest  the  well.  In  many  cases  this  was  effected  by  a  petcock  on 
the  pump,  or  a  tap  very  near  the  pump.  In  a  few  cases  the  samples 
were  taken  as  the  water  flowed  out  from  the  pipe  into  a  tank,  but 
before  it  reached  the  tank. 
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We  may  now  record  the  various  results  of  the  examinations :  — 

No.  1,  —  A  sample  from  a  driven  well  in  Cambridge,  depth,  198  feet,  in 
rather  gravelly  soil,  gave  on  analysis  (in  daplicate)  269  and  254  bacteria 
per  cubic  centimeter.  The  gelatin  plates  by  means  of  which  these  deter- 
minations were  made  showed  no  sign  of  liquefaction,  even  six  days  after 
the  sample  had  been  planted.  (This  fact  has  been  repeatedly  noticed  in 
connection  with  the  water  of  deep  wells.) 

No,  2.  —  A  sample  from  a  well  used  for  a  private  snpply,  and  operated 
by  a  hand  pump,  gave  30  bacteria  per  cubic  centimeter.  In  this  case  the 
sample  was  taken  after  several  minutes  of  continuous  pumping.  The 
depth  of  this  well  is  about  100  feet,  and  the  soil  sandy  and  more  compact 
than  in  the  previous  case. 

Two  other  wells  have  been  studied,  both  in  the  same  locality,  and 
the  samples  were  taken  under  the  same  conditions.  Pumps  at  both 
wells  had  been  working  steadily  for  several  hours. 

No.  3.  —  Depth,  454  feet.     Bacteria  per  cubic  centimeter,  206,  214. 

No.  4.  — Depth,  254  feet.     Bacteria  per  cubic  centimeter,  150,  135. 

No.  6.  —  Driven  wells  at  Lowell ;  part  of  the  city  supply.  (Petcock  on 
pump,  Dec.  21,  1894.)  Bacterial  analysis  gave,  with  gelatin,  228  bacteria 
per  cubic  centimeter;  with  glycerin  agar,  178.  The  chemical  analysis 
of  this  water  was  the  following :  — 

[ParU  per  100,000.] 
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No.  6. — Cambridgeport.  Driven  well;  depth,  198  feet;  diameter,  8 
inches.  In  thickly  settled,  level  region,  not  more  than  500  yards  from 
Charles  River  estuary.  Various  samples  from  this  well  have  been  tested. 
Samples  taken  from  pipe  leading  to  tank,  (a)  Bacteria  per  cubic  centi- 
meter, 116  ;  (&)  bacteria  per  cubic  centimeter,  192,  193  ;  (c)  bacteria  per 
cubic  centimeter,  262,  258. 

No.  7.  —  Well  on  Chardon  Street,  in  the  city  of  Boston.  Depth  of  well, 
213  feet.  Bacteria  per  cubic  centimeter,  138, 139, 140, 130.  Sample  taken 
as  water  flows  into  tank  on  roof,  direct  from  pump. 
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Chemical  Analysis. 
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No.  8.  —  Well  on  Hawkins  Street,  Boston,  near  the  preceding.  Depth, 
213  feet.  Sample  taken  as  water  flows  into  tank  on  roof.  Bacteria  per 
cubic  centimeter,  101,  106.  Another  sample,  some  days  later,  gave  408, 
400,  416  bacteria  per  cabic  centimeter. 


Chemical  Analysis. 
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No,  9.  —  Well  on  Fort  Hill  Sqaare,  in  the  city  of  Boston.  Depth  of 
well,  377  feet.  Sample  taken  from  petcock  on  pump.  Bacteria  per  cabic 
centimeter,  48,  54.  Another  (later)  sample  gave,  on  examination,  bacteria 
per  cabic  centimeter,  158,  149. 


Chemical  Analysis, 

[Paiia  per  100,000.] 


APrBABABOS. 

Odob. 

it 

r 

40.00 

AMMOWIA. 

NITBOOBM 
A8 

i 

a 

i 

N4 

1 

Turbidity. 

a 

1 

1 

• 

1 

1 

1 

■ 

I 

.0120 

.1 

OB 
.0004 

1 

s 

1 

12.801 

1 

s 

1 

Oxygen 
Conm 

• 

i 

a 

% 

a 

O 

^  41 

o 

Decided, 

Oona., 

0.20 

Dlatiootly  die- 
agreeable,  like 

Faint  or 

I 
.0000  .00001 

.0704 

6.0 

.6014 

mUky. 

raaty. 

none. 

1 

marah  gas. 

1 

1 
'          1 

442 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


No.  lO.—WeUa  on  Third  Street,  Cambridgeport.  Depth,  227  feet. 
Bacteria  per  cubic  centimeter,  1,240,  1,376.  Another  sample,  aboat  a 
week  later,  gave  per  cubic  centimeter,  486  bacteria.  Chemical  analysis 
not  obtained. 

^o.  ii.  — Well  in  Back  Bay  district  of  Boston.  Depth,  130  feet. 
Sample  taken  from  petcock  on  pump.  Bacteria  per  cubic  centimeter, 
440,  480.     Chemical  analysis  not  obtained. 

^0.  12.— Well  on  Second  Street,  South  Boston.  Depth,  200  feet. 
From  description  of  engineer  it  appears  that  while  the  pipe  extends  only 
to  a  depth  of  a  little  more  than  200  feet,  the  well  was  originally  bored  to 
a  depth  of  over  1,200  feet.     Bacteria  per  cubic  centimeter,  525. 

Without  giving  a  detailed  account,  we  may  simply  state  results 
obtained  from  other  deep  wells  :  — 


Plack. 
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Roxbury, 
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60,67 

165 

88 


It  is  difficult  to  find  deep  wells  in  uninhabited  or  ^^  country"  dis- 
tricts, and  our  results  are  all  derived  from  populous  areas.  It  is 
possible  that  other  results  might  be  obtained  from  wells  driven  in 
uninhabited  regions. 

It  is  plain,  however,  that  water  absolutely  free  from  bacteria  is 
not  ordinarily  obtained  from  even  deep  wells,  and  that  many  deep 
wells  contain  as  numerous  bacteria  as  are  found  in  many  surface 
waters. 

The  reasons  why  these  facts  have  not  before  been  well  known 
have  already  been  suggested.  In  the  first  place,  we  have  had  the 
advantage  of  improved  technic,  and,  especially,  a  most  favorable 
set  of  culture  media,  carefully  prepared  in  respect  to  composi- 
tion and  acidity.  Secondly,  we  have  made  use  of  an  increased 
period  of  incubation.  In  several  cases  with  deep-well  waters  we 
have  had  no  growth  whatever  until  the  third  day,  and  in  such  cases 
the  numbers  did  not  usually  cease  to  grow  larger  until  the  fifth  day 
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of  incubation,  or  even  later.     Bat  this  slow  growth  was  not  always 
a  feature  of  the  bacteria  of  deep  wells. 

Much  attention  has  been  given  to  the  probable  source  of  the  bac- 
teria in  ground  waters  and  to  the  species  present ;  but  a  report  on 
these  parts  of  the  investigation  must  be  reserved  for  another  paper. 
It  may  be  here  stated^  however,  that  the  plates  are  remarkable 
not  only  for  the  slow  growth  of  the  species  present  but,  also,  for 
the  absence  of  liquefying  colonies,  and,  in  many  cases,  for  the 
abundance  of  chromogenic  varieties.  These  facts  are  especially 
important,  as  indicating  the  total  absence  of  contamination  by 
ordinary  surface  water,  and,  as  far  as  they  go,  they  strengthen  the 
confidence  with  which  well-protected  ground  waters  may  be  re- 
garded as  sources  of  public  water  supplies. 
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EXPERIMENTS  UPON  THE  PURIFICATION  OF  SEWAGE  AND 
WATER  AT  THE  LAWRENCE  EXPERIMENT  STATION  * 


By  Geobge  W.  Fullbb,  Biologist  in  Charge. 


The  year  1894  is  the  seventh  that  the  investigations  of  the 
Lawrence  Experiment  Station  have  been  continued.  The  work  has 
been  carried  on  under  the  general  supervision  of  Hiram  F.  Mills, 
A.M.y  C.E.,  a  member  of  the  State  Board  of  Health,  with  the 
writer  in  direct  charge.  Mr.  Harry  W.  Clark  has  been  in  charge 
of  the  chemical  department,  and  Mr.  F.  L.  Fales  has  compiled  the 
records  and  prepared  the  tables  showing  the  results  of  the  work. 
Messrs.  W.  R.  Copeland  and  Louis  Weinberg  have  been  assistant 
biologists,  and  Mr.  F.  6.  Forbes  assistant  chemist.  Professors  T. 
M.  Drown  Imd  W.  T.  Sedgwick  of  the  Massachusetts  Institute  of 
Technology  have  been,  respectively,  consulting  chemist  and  biolo- 
gist, having  a  general  oversight  of  the  chemical  and  biological 
investigations. 

The  chief  features  of  the  present  report  upon  the  purification  of 
sewage  are  :  the  investigations  upon  the  composition  of  sewage ;  the 
influence  of  the  composition  of  sewage  and  of  temperature  upon 
nitrification ;  the  permanency  and  efficiency  of  sewage  filters,  with 
a  summary  of  seven  years'  work ;  the  management  of  sewage  filters 
to  secure  continuous  efficiency ;  the  effect  upon  filtration  of  sewage 
of  winter  weather  in  Massachusetts ;  and  results  of  experiments  upon 
the  rapid  filtration  of  sewage  from  which  sludge  has  been  removed 
by  different  methods. 

With  regard  to  water  filtration,  a  prominent  point  is  the  result  of 
studies  upon  coarser  filters  operated  at  higher  rates  of  filtration, 
together  with  a  detailed  account  of  the  influence  upon  bacterial 

•  A  fall  account  of  the  work  done  at  the  Lawrence  Experiment  Station  for  the  years  1888  and 
18S9  is  contained  in  a  special  report  of  the  State  Board  of  Health  npon  the  Pnrification  of  Sew- 
age and  Water,  1890.  A  similar  account  for  the  years  1890  and  1891  is  contained  in  the  twenty- 
third  annnal  report  of  the  Board  for  the  year  1881.  Sinoe  1891  the  r^folts  have  been  pab]ishe4 
yearly  in  the  annual  reports. 
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efficiency  of  the  various  treatments  met  with  in  actual  practice,  and 
an  outline  of  the  operation  of  the  Lawrence  city  filter  with  the 
results  of  numerous  chemical  and  bacterial  analyses. 

Following  this  is  a  paper  by  Mr.  Clark  upon  the  physical  and 
chemical  properties  of  sand  with  reference  to  their  use  in  filtration. 
The  account  of  the  work  of  the  station  closes  with  a  series  of  papers 
in  which  are  described  some  of  the  improved  bacterial  methods  now 
in  use  in  the  Lawrence  laboratory. 


Filtration  of  Sewage. 

Attention  has  been  repeatedly  drawn  to  the  fact  that  sewage 
varies  widely  in  its  composition,  and  that  when  subjected  to  filtra- 
tion different  sewages  require  different  amounts  of  air  and  different 
periods  of  time  for  the  bacteria  to  effect  thorough  purification.  The 
question  of  the  composition  of  sewage  has,  accordingly,  received 
special  study  during  the  past  year. 


Investigation  upon  the  Composition  or  Sewage,  together 
WITH  Results  op  Analyses  of  Sewage  applied  to  Experi- 
mental Filters. 

The  sewage  used  at  the  experiment  station  is  pumped  through  a 
2.5  inch  pipe,  4,300  feet  long,  from  a  sewer  which  drains  the  streets, 
houses  and  stores  of  the  most  densely  populated  sections  of  the  city 
of  Lawrence.  Over  the  end  of  this  pipe  is  a  cap,  and  the  sewage 
enters  through  a  series  of  perforations  about  three-quarters  of  an 
inch  in  diameter ;  these  perforations  are  freed  from  paper  and  other 
clogging  matter  once  a  week,  and  the  entire  pipe  is  flushed  out  with 
city  water  under  pressure,  several  times  each  year,  as  occasion  re- 
quires. 

Weekly  samples  have  been  collected  on  Saturdays,  of  the  sewage 
from  the  man-hole  where  this  pipe  begins.  This  man-hole  is  on 
Lawrence  Street,  just  below  Essex  Street,  which  is  the  chief  busi- 
ness thoroughfare  of  the  city,  and  above  the  entrance  of  the  wastes 
from  the  large  mills. 

The  samples,  which  have  been  analyzed  with  the  results  in  the 
following  table,  were  collected  about  8.30  a.m.  On  page  477  will 
be  found  monthly  averages  of  chemical  analyses  of  daily  samples  of 
sewage  collected  at  this  man-hole  at  about  1  p.m.,  beginning  in  June. 
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MotUhly  Averages  of  Analyses  of  Sewage  from  the  Lawrence  Street  Sewer. 

[PtrU  par  100,000.] 
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*  In  all  of  tbe  Lawrenee  aoalyaes  tbe  oxygen  coneumed  bae  been  determined  after  boiling  two 
minutes,  nnleas  otherwise  stated. 

It  will  be  seen,  upon  comparing  these  results  with  those  in  subse- 
quent tables,  that  these  sewage  samples  contained  a  larger  quantity 
of  albuminoid  ammonia  than  those  of  sewage  which  has  been 
applied  to  the  filters.  This  is  largely  owing  to  the  fact  that  the 
average  sewage  for  the  day  is  more  dilute  than  that  collected 
at  this  particular  hour.  This  point  is  shown  by  the  table  of 
analyses  of  hourly  samples  taken  in  January,  1894,  and  presented 
in  the  last  annual  report,  page  407,  and  also  by  the  following  series 
of  analyses  of  samples  collected  in  August. 
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In  addition  to  the  marked  variations  during  the  day  in  the  com- 
position of  the  sewage,  and  to  the  presence  of  nitrates,  attention  is 
specially  called  to  the  uniform  presence  of  dissolved  oxygen  in  the 
fresh  sewage  of  the  sewer,  as  was  pointed  out  in  the  last  Report. 
Dissolved  oxygen  in  this  sewage  has  been  uniformly  found  in  quanti- 
ties ranging  from  10  to  60  per  cent,  of  that  necessary  to  saturate 
water  at  the  temperature  when  collected.  After  a  few  hours,  vary- 
ing with  the  temperature  and  other  conditions  affecting  bacterial 
action,  this  oxygen  disappears.  But  before  discussing  the  changes 
in  the  composition  of  sewage,  results  of  numerous  analyses  of  the 
sewage  pumped  at  the  station  and  applied  to  the  experimental  filters 
will  be  presented. 

Analyses  of  Samples  of  Sewage  applied  to  the  Experimental  Filters. 

Samples  of  sewage  after  it  has  been  pumped  through  the  pipe, 
4,300  feet  in  length,  have  been  regularly  collected  for  analyses  as 
follows :  — 

1.  Regular  Sewage.  — On  at  least  four  days  in  a  week  a  gallon 
bottle  has  been  filled  from  a  large  tank  of  sewage.  While  the 
sample  was  intended  to  be  as  far  as  possible  a  representative  one, 
it  necessarily  represented  accurately  only  a  small  fraction  of  the 
total  amount  of  sewage  used ;  and  there  is  also  considerable  diffi- 
culty in  mixing  several  hundred  gallons  of  sewage  so  as  to  get  a 
sample  with  its  proper  share  of  suspended  matter. 

2.  Average  Sewage.  —  On  one  day  each  week  (Tuesday)  a  sample 
has  been  taken  by  collecting  directly  from  the  pump  (without  allow- 
ing any  opportunity  for  sedimentation)  quantities  of  sewage  propor- 
tional to  the  amount  of  each  lot  of  sewage  pumped  during  the  day. 
The  average  results  from  numerous  samples  collected  in  this  manner 
indicate  satisfactorily  the  average  composition  of  all  sewage  applied 
to  the  filters. 

8.  Sewage  for  Filters  Kos.  i,  6  and  9  A.  —  In  order  to  learn  the 
variations  in  strength  of  sewage  at  different  times  of  the  day,  and  to 
obtain  more  accurate  data  upon  the  storage  of  organic  matter  in  the 
filters,  there  have  been  collected  weekly  three  mixed  samples,  repre- 
senting each  dose  applied  during  the  week  to  Filters  Nos.  1,  6  and 
9  A,  respectively.  In  order  to  keep  the  samples  for  one  week  with- 
out putrefaction  and  decomposition,  a  small  amount  of  mercuric 
acetate  has  been  placed  in  the  bottle  at  the  beginning  of  the  week. 
When  this  compound  has  been  used  in  the  proportion  of  1  part  to 


452 


STATE  BOARD  OF  HEALTH.  [Pub.  Doc. 


4,000  it  has  been  found  to  sterilize  effectually  the  sewage.  It  unites 
with  the  organic  matter,  however,  causing  more  or  less  precipitation , 
so  that  the  determination  of  relative  amounts  of  soluble  and  sus- 
pended organic  matters  is  practically  valueless. 


Monthly  Averciges  of  Analyses  of  Regular  Sewage  Samples. 

[Parte  per  100,000.] 


1S94. 


January,    . 
Febmary,  . 
March, 
April, 
May,  . 
Jane, . 
July,  . 
Aagnet, 
September, 
October,     . 
November, 
December, 

Average, 


38 
35 
40 
48 
50 
65 
75 
71 
66 
55 
43 
30 


53 


§ 

S 

a 
«*< 
t 


2.70 
2.83 
2.25 
3.16 
4.62 
3.83 
3.10 
3.60 
3.74 
4.10 
4.26 
3.00 


3.43 


ALBUMINOID  Ammonia. 


.67 
.51 
.53 
.77 
.62 
.50 
.54 
.61 
.56 
.64 
.70 
.87 


.63 


Z 

B 


.80 
.25 
.26 
.28 
.30 
.20 
.22 
.20 
.20 
.31 
.20 
.20 


.26 


mm 

a 


.37 
.26 
.27 
.40 
.32 
.30 
.82 
.41 
.36 
.33 
.41 
.58 


.37 


i: 


a 

0 

as 

n 

M 

o 


6.80 

4.06 

5.25 

8.22 

6.00 

3.01 

7.71 

3.08 

8.71 

2.65 

8.47 

2.35 

0.74 

2.82 

10.70 

8.26 

0.46 

3.68 

0.10 

3.50 

8.07 

4.65 

8.11 

5.31 

8.07 

3.54 

So 

I 


oa 


786,400 

647,200 

540,000 

1,222,900 

1,060,000 

867.000 

1,444,400 

1,788,000 

1,745,000 

1,041,000 

1,005,000 

2,072,600 

1,320,000 


The  above  analyses  represent  four  samples  each  week  taken  from 
the  sewage  tanks,  usually  in  the  mornings  and  the  results  are 
directly  comparable  with  the  analyses  published  for  previous  years. 


Monthly  Averages  of  Analyses  of  Average  Sewage  Samples. 

[Parte  per  100,000.] 


Free 

Ammonia. 

Albuminoid  Ammonia. 

• 

s 

1 

Oxygen 
Consumed. 

1S04. 

• 

1 

• 

2 

s 

i 

January, 
February,    . 
March, 
April,  . 
May,     . 
Jane,    . 
July,    . 
Augnet, 
September, . 
October, 
November, 
December, 

2.88 
3.05 
2.80 
3.40 
3.77 
3.18 
3.44 
4.84 
4.71 
4.85 
4.64 
4.61 

.76 
.60 
.58 
.60 
.90 
.55 
.55 
.76 
.86 
.87 
.70 
.00 

.41 
.34 
.82 
.85 
.30 
.20 
.21 
.82 
.80 
.36 
.35 
.42 

.85 
.26 
.26 
.84 
.20 
.85 
.84 
.44 
.56 
.51 
.35 
.48 

6.48 

5.00 

6.31 

7.26 

8.31 

8.58 

0.02 

10.08 

10.00 

10.76 

7.55 

10.12 

4.58 
4.22 
8.02 
3.81 
2.70 
2.63 
3.76 
8.82 
4.37 
8.08 
4.02 
5.27 

6.0 
4.6 
3.6 
4.6 
6.3 
3.7 
4.5 
4.7 
1.7 
4.0 
3.2 
8.2 

Average 

s,     . 

1              1 

1 

»              1 

• 

3.85 

.70 

.32 

.38 

8.51 

S.92 

4.4 

The  above  analyses  represent  average  samples  of  all  the  sewage 
pumped  during  the  day  for  each  Tuesday  of  the  year. 
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Monthly  Averages  of  Mixed  Samplea,  representing  all  of  the  Sewage  applied  to 

Filters  Nos.  1,  6  and  9  A. 

[ParU  p«r  100,000.] 


Fbbb  Amkohia. 

ALBaMIVOID 
AMMONIA. 

OXTOBII 
COVSITMftD. 

Chlobivb. 

18M. 

• 

1 

a 

6 

• 

■ 

o 

1 

• 

< 

• 

1 

« 

1 

i 

•J 

i 

6 
V 

I 
1 

Janoarj, 

8.06 

8.47 

8.06 

.84 

.74 

.01  1 

4.77 

8.80 

4.70 

7.78 

7.68 

7.60 

February, 

3.46 

2.70 

8.22  , 

.76 

.78 

.08 

6.17 

8.66 

8.00 

0.40 

0.67 

6.86 

ICareh,  . 

t 

2.81 

2.27 

2.04 

.71 

.63 

.04 

4.06 

2.80 

8.02 

7.00 

6.80 

0.42 

April,     .        . 

3.00 

8.64 

8.60 

.00 

.01 

.70 

3.70 

8.80 

8.42 

7.80 

0.08 

0.80 

M*y.     . 

8.71 

8.08 

3.26 

.66 

.02 

.48 

2.07 

3.08 

2.18 

8.72 

0.40 

7.78 

Jane,     . 

8.00 

8.74 

8.42 

.46 

.68 

.50 

2.40 

8.82 

2.62 

0.06 

10.80 

0.88 

July,      . 

8.10 

8.21 

8.28 

.84 

1.07 

.68 

4.16 

4.48 

8.07 

11.17 

14.80 

12.10 

Aagoet, 

8.06 

8.02 

8.70 

.64 

.00 

.06 

8.67 

8.00 

8.67 

18.66 

13.06 

11.84 

September,   . 

8.07 

8.80 

4.18 

.74 

.70 

.84 

4.10 

4.22 

4.64 

0.27 

10.16 

7.64 

October. 

4.62 

4.88 

4.82 

.80 

.82 

.80 

4.40 

8.40 

4.60 

8.82 

8.08 

8.81 

November,*  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

December,     . 

4.50 

6.06 

8.06 

.07 

1.11 

.70 

4.82 

0.82 

4.60 

7.60 

7.74 

0.10 

ATcrages, 

»       • 

8.05 

8.00 

8.00 

.72 

.74 

.08 

4.02 

8.81 

8.08 

8.70 

0.22 

8.48 

*  Filters  Nob.  1,  0  BDd  0  A  were  rested  in  November. 


With  regard  to  the  comparison  of  results  with  each  other,  there 
is  this  to  be  mentioned,  that  the  sewage  for  Filter  No.  1  was  all 
pamped  late  in  the  afternoon  daring  the  cold  weather,  January  to 
April  inclasive ;  and  during  the  rest  of  the  year,  excepting  the  last 
week  in  December,  it  was  pumped  one-half  in  the  early  morning  and 
one-half  in  the  afternoon.  Sewage  for  Filter  No.  6  was  regularly 
pumped  in  the  middle  of  the  day.  In  the  case  of  Filter  No.  9  A  the 
sewage  was  pumped  late  in  the  afternoon,  January  to  April  inclusive, 
and  during  the  last  week  in  December ;  while  for  the  remainder  of 
the  year  it  was  pumped  in  the  early  morning.  These  results  are 
fairly  comparable  with  corresponding  results  of  previous  years. 
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MofithJy  Averages  of  Analyses  of  Supernatant  Liquid  from  Sewage  treated  with 

Sulphate  of  Alumina^  for  Filters  Nos,  19  and  32. 

[Parts  per  100,000.] 


1894. 


Janaary, 
February, 
March, 
April,  . 
May,    . 
June,  . 
July,    . 
August, 
September, 
October, 
Noyember, 
December, 
Averages, 


I 


S 

a 

§ 

a 


2.02 
2.31 
2.00 
3.06 
4.67 
8.88 
8.08 
8.47 
4.20 
4.01 
4.02 
8.60 


Albuxiivoid  Ammohia. 


« 

« 

A 

• 

M 
A 

s 

1 

a 

o 

^ 

I 

e 

.27 
.22 
.10 
.26 
.38 
.23 
.22 
.27 
.80 
.81 
.82 
.27 


.21 
.14 

.16 
.18 
.27 
.18 
.13 
.10 
.17 
.21 
.22 
.21 


3.44 


.26 


.18 


.06 
.08 
.04 
.08 
.06 
.10 
.00 
.11 
.18 
.10 
.10 
.06 


.06 


o 

Z 

o 


9 

2 

a 

9 

m 

b^ 

S 

M 

n 

O 

U4 

6.60 

4.81 

6.28 

7.28 

8.86 

0.40 

10.63 

8.83 

13.66 

10.01 

8.01 

0.00 


8^1 


8.00 


2.40 

.4 

1.62 

1.2 

1.27 

1.72 

1.23 

2.0 

1.13 

1.36 

1.67 

2.07 

1.04 

S.62 

2.1 

2.20 

1.76 

.0 

07,700 
10.\5OO 
60.300 
160,700 
803,000 
817,500 
658,000 
1,116,000 
044.QOO 
621,600 
475,000 
271,000 
428,000 


The  above  analyses  represent  the  supernatant  liquid  after  the 
sewage  represented  by  the  regular  samples  has  been  treated  with 
sulphate  of  alumina  in  the  proportion  of  1,000  pounds  to  1,000,000 
gallons  of  sewage,  and  allowed  to  settle  for  four  hours.  Settling 
has  taken  place  in  barrels.  The  supernatant  liquid  has  been  re- 
moved from  a  faucet  half-way  between  the  top  and  bottom  of  the 
sewage,  and  after  its  removal  each  day  the  sludge  has  been  drawn 
off  through  a  faucet  at  the  bottom.  These  results  show  that  59.5 
per  cent,  of  the  organic  matter  (total  albuminoid  ammonia)  and 
67.8  per  cent,  of  the  number  of  bacteria  in  the  sewage  have  been 
removed.  The  removal  of  organic  matter  has  been  greater  than  in 
1893,  but  the  bacterial  removal  has  been  less,  owing,  apparently,  to 
a  more  persistent  growth  of  bacteria  during  the  warmer  months  of 
the  year  upon  the  organic  matter  accumulated  upon  the  sides  of  the 
barrel.  Considerable  attention  has  been  given  to  the  removal  of 
organic  matter  from  the  sides  of  the  barrel,  but  it  has  been  found 
to  be  difficult  to  free  these  surfaces  from  all  bacterial  food. 
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Monthly  Averages  of  Analyset  of  Supernalant  Liquid  from  Settled  Sewage,  for 

FilUrNo.l3A. 

[P>rU  p«r  100,000.] 


"^ 

• 

1 

a 

Albdmixoid  Ammoxia. 

i 

1 

JS 

• 

1 

• 

18M. 

^ 

i 

1 

• 

1 
1 

a 

8^8 

«M 

5 

^m 

O 

o 

h 

January,     ..... 

2.87 

.61 

.88 

.18 

6.79 

8.82 

^ 

668,700 

FebrDary, 

2.47 

.46 

.26 

.20 

4.00 

2.76 

2.0 

446,000 

March. 

3.02 

.84 

.21 

.18 

6.08 

2.87 

1.9 

486,700 

April,  • 

8.06 

.46 

.80 

.16 

7.40 

8.20 

1.0 

806,000 

May,    . 

»             • 

4.67 

.64 

.84 

.20 

8.09 

2.27 

1.8 

976,000 

Jane,   . 

8.80 

.86 

.21 

.14 

8.41 

1.80 

1.0 

677,000 

Joly,    . 

8.04 

.82 

.10 

.18    1 

11.11 

2.12 

l.l 

1,266,000 

Angoet, 

8.20 

.80 

.18 

.12 

9.41 

2.20 

2.2 

1,816,000 

September, 

4.40 

.42 

.24 

.18 

14.27 

2.77 

.4 

1,807,000 

October, 

8.88 

.42 

.26 

.17 

10.69 

2.62 

l.l 

1,622,000 

N^orember, 

4.00 

.68 

.87 

.26 

9.06 

8.80 

1.1 

1,780.000 

December,  . 

8.47 

.63 

.82 

.21 

9.22 

4.00 

6.2 

1,788,000 

Averagt 

m,    , 

»              1 

»             1 

»             1 

1 

8.41 

.44 

.27 

.17 

8.70 

2.81 

1.7 

1,136,800 

The  above  analyses  represent  the  supernatant  liquid  after  the 
sewage  represented  by  the  regular  samples  has  been  allowed  to  settle 
in  barrels  for  four  hours^  after  the  same  manner  as  has  been  just 
described  for  chemically  precipitated  sewage.  These  results  show  a 
removal  of  30  per  cent,  of  the  organic  matter  (total  albuminoid  am- 
monia) and  14.6  per  cent,  of  the  number  of  bacteria  from  the  sewage 
by  sedimentation. 


Monthly  Averages  of  Analyses  of  Sewage,  strained  through  Coke,  for 

FiUer  No.  14  A, 


[Part* 

per  100,000.] 

Free 

Ammonia. 

1    Albuminoid  Ammonia. 

• 

i 

ft.  1 

8.1 

1M4. 

m 

1 

B      1 

^k 

<0 

a 
I 

8 

o 

^4 

1 

S 

Jane, 

3.13 

.80 

.17 

.13 

i    9.74 

1.67 

918,000 

July 

8.02    , 

.25 

.16 

.00 

22.48 

1.42 

1,102,000 

Angaet, 

8.37    1 

.26 

.18 

.08 

12.40 

1.66 

732,000 

September, 

3.26 

.30 

.14 

.16 

1    9.10 

2.20 

470,500 

October, 

4.81 

.33 

.24 

.09 

'  11.44 

2.14 

1,679,000 

November, 

4.11 

.20 

.26 

.03 

1     8.62 

2.12 

801,600 

December, 

8.91 

.39 

.29 

.10    ' 

'    8.72 

8.00 

1,077,500 

ATerages, 

8.69 

.30 

.20 

.10 

1 

10.36    1 

2.03 

969,000 

The  above  analyses,  beginning  June  1,  represent  the  regular 
sewage  after  straining  through  a  layer  of  coke,  supported  by  a  thin 
layer  of  fine  gravel.     The  depth  of  coke  has  varied  as  follows  :  June 
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1  to  October  18,  1.5  inches ;  October  19  to  November  7,  6  inches  ; 
November  8  to  December  31,  8  inches.  These  results  show  a 
removal  of  52.4  per  cent,  of  organic  matter  (total  albuminoid  am- 
monia) and  42.9  per  cent,  of  the  number  of  bacteria  in  the 
unstrained  sewage. 

Further  reference  is  made  to  these  results  beyond. 


Comparison  of  the  Strength  of  Station  Sewage. 

Bringing  together  for  comparison  the  average  results  of  analyses 
of  the  several  series  of  sewage  samples,  we  have ;  — 


[ParU  per  100,000.] 


Free. 
Ammonia. 

Albumivoid  Ammonia. 

Chlorine. 

Oxjgen 

Con- 

■umed. 

1804. 

Total. 

Solable. 

Inaolnble. 

Total 
Nitrogen.t 

BeguUr, ..... 
Average,        .... 
For  Filter  No.  1,   . 
For  Filter  No.  6,   . 
For  Filter  No.  9  A, 

8.43 
8.85 
8.65 
8.66 
8.66 

.68 
.70 
•72 

.74 
.68 

.26 

.82 

.29* 

.80* 

.28» 

.37 
.88 
.48 
.44 
.40 

8.07 
8.51 
8.79 
9.22 
8.48 

8.54 
8.92 
4.02 
3.81 
8.68 

8.86 
4.80 
4.17 
4.22 
4.11 

*  Eatlmated. 

t  Calculated  aa  14  of  the  aom  of  the  free  ammonia  plna  twice  the  albuminoid  ammonia. 

This  table  shows  that  sewage  applied  to  Filter  No,  6,  and  repre- 
senting the  concentrated  morning  sewage  of  the  sewer,  has  con- 
tained more  chlorine,  albuminoid  ammonia  and  total  nitrogen  than 
the  average  sewage  that  has  been  applied  to  Filters  Nos.  1  and  9  A, 
each  of  which  has  been  stronger  in  these  substances  than  the  regular 
sewage.  With  regard  to  the  oxygen  consumed,  the  results  have 
been  less  regular,  but  they  also  indicate  the  regular  sewage  to  have 
been  the  most  dilute  of  all,  as  was  the  case  in  earlier  years. 

Comparison  of  the  Composition  of  the  Station  Sewage^  by  Years. 

In  the  next  table  are  given  the  annual  averages  of  analyses  of 
regular  sewage  for  each  year  since  these  investigations  were  begun, 
together  with  the  amount  of  sewage  pumped  and  the  annual  local 
rainfall.  The  most  striking  feature  of  these  results  is  the  marked 
increase  in  the  free  ammonia  and  total  nitrogen  of  the  sewage.  As 
all  nitrogen  of  the  station  sewage  is  in  an  unnitrified  state,  and  so 
far  as  our  present  knowledge  of  the  process  of  purification  by  filtra- 
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tloD  goes  we  can  best  specify  the  capacity  of  filters  for  purificatioD 
in  units  of  uDoxidized  substances,  we  find  that  the  sewage  is  grad- 
ually becoming  stronger. 

With  regard  to  the  1894  results  we  find  that  the  free  ammonia , 
total  nitrogen  and  bacteria  have  been  higher  than  ever  before ; 
but  the  crude  organic  matter,  indicated  by  the  amount  of  albuminoid 
ammonia  and  oxygen  consumed,  has  been  somewhat  less  than  the 
average  for  the  entire  period. 

The  sludge  for  1894,  as  shown  by  the  insoluble  albuminoid 
ammonia,  however,  is  seen  to  have  been  identical  with  the  average 
results.  It  will  also  be  noticed  that  the  proportion  of  total  nitrogen 
formed  by  free  ammonia  has  largely  increased. 


Comparison^  by  Yeara^  of  the  Composition  oj  *^  Regular  "  Sewage  obtained  at  the  Ez" 
periment  Station^  with  the  Average  Quantities  pumped^  and  the  Local  Annual 
RainJaU. 

[PnrU  p«r  100,000.] 


Arence 

Qoentiiy 
of 

8ewM« 
Filured. 

Oellona 
perDejr. 

Annoal 
lUinfall. 

Indies. 

< 

Albcmivoid 
Ammokia. 

e 
J 

s 

■ 

1 

H 

Tkab. 

• 

I 

i 
1 

1 
1 

6 

1888,                .       . 

2,280 

56.11 

1.55 

.60 

.16 

.53  \ 

5.19 

- 

2.40 

1,000,000 

1889, 

8,410 

47.04 

1.84 

.55       .29 

.26 

;  4.92 

- 

2.41 

708,000 

1800, 

8,300 

51.78 

1.82 

1     .69       .88 

.81 

5.45 

3.25 

2.62 

1,065,000 

1801,       . 

2,730 

40.00 

2.22 

.78  ,     .34 

.39 

7.37 

8.64 

3.02 

608,000 

1802, 

2,500 

84.08 

2.45 

.75       .34 

.41 

8.83 

4.22 

3.24 

809,000 

1803, 

2,850 

41.00 

2.68 

.68       .81 

.32 

1 

8.57 

8.46 

3.23 

923,000 

1804,        . 

2,000 

82.85 

8.43 

.68  ;     .26       .87  1 

8.07 

8.54 

3.85 

1,829,900 

AvengM, 

2,740 

48.40 

2.28 

1 

.67       .30       .87 

6.84 

3.62 

2.97 

036,000 

In  explaining  the  changes  in  the  composition  of  station  sewage 
there  are  three  factors  to  be  taken  into  consideration :  first,  aud 
doubtless  the  most  important,  is  the  fact  that  a  large  number  of 
water-closet  connections  have  been  made  since  1889,  while  the  area 
drained  by  the  sewers  remains  practically  the  same ;  second,  the 
quantity  of  sewage  pumped,  which  determines  in  part  what  portion 
of  the  day's  sewage  is  applied  to  the  filters ;  and,  third,  the  raiufall. 
Comparing  the  total  nitrogen  and  the  chloriue  in  the  sewage  of  the 
last  four  years  with  those  in  the  sewage  of  the  first  three  years,  it  is 
seen  that  the  low  rainfall  coincides  with  the  stronger  sewage.    The 
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line  is  not  sharply  drawn  for  individual  years,  and  this  factor  is 
much  disguised  by  the  first  one  mentioned.  It  may  be  added  that 
in  1894  the  analyses  of  the  mixed  average  samples  of  sewage  for 
Filters  Nos.  1,  6  and  9  A,  presented  in  the  preceding  table,  showed 
that  the  chlorine  reached  its  maximum  in  this  year  of  minimum 
rainfall. 

A  factor  equally  important  with  the  rainfall  is  the  amount  of  sew- 
age pumped.  The  pipe  leading  to  the  station  from  the  sewer  has  a 
capacity  of  about  1,100.  gallons.  The  sewage  has  been  pumped 
between  7  a.m.  and  5  p.m.,  and  the  pipe  has  remained  over  night 
full  of  day  sewage.  In  the  early  forenoon  the  pumps  have  been 
worked  most  regularly,  and  the  small  daily  quantity  within  these 
limits  means  that  there  has  been  a  larger  proportion  of  the  strong 
morning  sewage  admitted  to  the  pipe  and  applied  to  the  filters. 
The  reasons  for  the  diminution  in  the  quantity  of  sewage  used  are 
the  discontinuance  of  the  application  of  sewage  to  trenches  in  the 
field,  and  to  the  use  of  some  of  the  large  sewage  tanks  for  water 
filters. 


Relation  of  Free  Dissolved  Oxygen  in  Sewage  to  Increase  in  Free 

Afrnmonia, 

The  explanation  of  the  increased  ratio  of  free  ammonia  to  al- 
buminoid ammonia  requires  further  consideration.  When  a  water 
supply  largely,  and  sometimes  completely,  saturated  with  dissolved 
oxygen  leaves  the  city,  it  takes  with  it,  as  it  enters  the  sewers,  the 
refuse  matters  of  the  consumers.  These  substances  are  decomposed 
in  the  presence  of  free  dissolved  oxygen  and  the  oxygen  of  such 
compounds  as  nitrates  and  nitrites  by  the  bacteria,  large  numbers 
of  which  enter  the  sewers  with  polluting  matters.  That  is  to  say, 
the  crude  organic  matters  represented  by  the  albuminoid  ammonia 
are  changed  to  simpler  forms,  or  to  free  ammonia.  To  be  more 
explicit,  the  bacteria  attack  the  carbon,  and  in  the  presence  of  free 
oxygen  convert  it  to  carbon  dioxide.  There  are  set  free  nitrogen 
and  hydrogen,  which  unite  to  form  ammonia,  and  this  in  turn  unites 
with  the  carbon  dioxide  to  form  ammonium  carbonate.  It  is  this 
compound  which  yields  the  **  free  ammonia  "  upon  distillation.  Time 
is  required  for  the  bacteria  to  effect  this  process,  the  time  varying 
with  the  numbers  and  kinds  of  bacteria  and  with  the  nature  of  the 
organic  matter,  but  principally  with  the  temperature. 
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Many  of  the  bacteria  in  fresh  sewage  are  capable  of  growing  in 
the  absence  as  well  as  in  the  presence  of  free  oxygen,  and  are 
known  according  to  Pasteur's  classification  as  facultative  anaerobes. 
After  the  sewage  becomes  stale  and  the  free  oxygen  all  consumed, 
these  particular  bacteria  continue  to  live  and  produce  foul  odors,  a 
process  generally  spoken  of  as  putrefaction.  Experiments  show 
that  the  ratio  of  bacteria  in  the  Lawrence  Street  sewage,  which  grow 
in  an  atmosphere  of  hydrogen,  to  those  which  grow  in  the  presence 
of  the  oxygen  of  the  air,  is  9  to  10. 


Free  Dissolved  Oxygen  in  Seivage  disappears  and  Free  Ammonia 

increases  during  Passage  to  the  Station. 

To  apply  these  principles  to  the  case  at  hand,  we  may  say,  as  was 
stated  for  the  main  part  in  earlier  reports,  that  the  sewage  in  the 
Lawrence  Street  sewer  contains  free  dissolved  oxygen,  as  well  as 
oxygen  in  the  form  of  nitrates  and  nitrites,  and  that  it  receives  the 
greater  part  of  its  polluting  matters  only  a  few  minutes  before  its 
arrival  at  the  point  of  collection.  The  ratio  of  free  ammonia  to 
albuminoid  ammonia  is  comparatively  small  at  this  stage,  because 
the  time  required  for  bacteria  to  decompose  the  crude  organic  mat- 
ter of  the  sewage  is  insufficient.  Next,  the  sewage  passes  through 
the  pipe  4,300  feet  long  leading  to  the  station.  The  time  required  for 
this  step,  usually  several  hours,  is  sufficient  for  the  bacteria  present 
in  the  sewage  with  the  free  oxygen,  together  with  those  bacteria 
firmly  established  upon  the  sides  of  the  prpe,  to  decompose  some  of 
the  crude  organic  matter  into  free  ammonia,  and  to  partially  effect 
the  first  step  in  the  purification  of  sewage. 

Modified  Composition  of  Station  Sewage  in  which  there  is  no  Free 

Dissolved  Oxygen, 

As  the  sewage  is  pumped  at  the  station  we  find  that  there  is  no 
free  oxygen  present,  nitrates  and  nitrites  are  absent,  and  when  com- 
pared with  the  sewage  in  the  sewer  the  oxygen  consumed  is  less, 
while  the  ratio  of  the  free  ammonia  to  the  albuminoid  ammonia  is 
considerably  increased.  These  features  are  clearly  shown  by  the 
following  table,  where  it  will  be  noted  that  the  ratio  of  free  to 
albuminoid  ammonia  in  the  Lawrence  Street  sewage  is  2.8  to  1, 
while  in  the  station  sewage  it  is  5.4  to  1. 
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Comparison  of  Yearly  Averages  of  Fresh  Sewage  from  Lawrence  Street  Sewer 

with  the  Stale  Sewage  pumped  at  the  Station. 

[P«rU  p«r  100,000.] 


Free 
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1 

■ 
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0k 

Lawrenoe  Street  Sewer, 
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1 

.    1.00 
1 
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.01 
.20 

.80 

.87 

8.86 
8.07 

.0000 
.0000 

.0109 
.0000 

5.60 
3.54 

85 
0 

From  the  outset  of  these  investigations  it  has  been  known  that 
the  nitrogen  of  the  albuminoid  ammonia  in  the  sewage  formed  only 
a  somewhat  variable  part  of  the  total  organic  nitrogen.  In  order 
to  determine  this  factor  numerous  comparative  experiments  by  the 
Ejeldahl  process  were  made  in  the  earlier  years  of  the  station,  and 
they  showed  that  on  an  average  about  50  per  cent,  of  the  organic 
nitrogen  of  the  station  sewage  was  obtained  as  albuminoid  ammonia 
by  the  Wanklyn  process.  It  may  be  added  here  that  many  of  these 
analyses  were  made  in  the  Boston  laboratory,  and  the  delay  caused 
by  the  transportation  of  the  samples  is  a  matter  woilh  considering 
in  studying  these  results.  It  is  to  be  borne  in  mind  that  the  com- 
position of  the  sewage  has  changed  considerably  during  the  past 
five  years,  as  has  been  pointed  out  on  page  457.  Recently  addi- 
tional experiments  have  been  made,  and  this  factor  has  been  found 
on  an  average  to  be  about  40  per  cent,  at  present. 


Initial  Steps  in  the  Decomposition  and  Purification  of  Sewage. 

The  changes  which  fresh  sewage  undergoes,  and  the  relative 
amounts  of  organic  nitrogen  yielded  as  albuminoid  ammonia,  are 
well  shown  by  the  following  experiment,  which  is  representative  of 
a  series  which  has  been  made  in  the  laboratory.  As  it  is  generally 
supposed  that  sewage  contains  no  free  dissolved  oxygen,  it  is  plain 
that  an  important  step  in  advance  has  been  taken  in  our  knowledge 
of  sewage  purification. 
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Table  ahowing  the  Changes  in  ComposiUon  occurring  in  a  Bottle  of  Freth  Law- 
rence Street  Sewage  upon  standing. 

[Part*  per  100,000.] 
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The  sample  of  sewage  was  collected  in  a  chemically  clean  and  sterile 
glass  bottle  at  the  Lawrence  Street  sewer  at  10  a.m.  on  March  11. 
The  temperature  of  the  sewage  at  the  time  of  collection  was  43^  F., 
and  at  the  time  of  the  fii*st  analysis  it  was  the  same.  During  this 
and  the  following  days  analyses  were  made  at  frequent  intervals  of 
samples  taken  from  this  bottle.  Particular  attention  was  given  to 
determining  the  state  in  which  the  nitrogen  was  present,  and  in  each 
case  the  organic  nitrogen  was  determined  both  by  the  Wanklyn 
(albuminoid  ammonia)  and  by  the  Kjeldahl  methods.*  The  temper- 
ature of  the  laboratory,  it  should  be  noted,  ranged  from  60°  to  70°  F. 


*  All  detenninationi  of  orguiic  nitrogen  by  the  so-called  Kjeldahl  method  have  been  made 
as  follows :  Five  cnblc  centimeters  of  sewage  have  been  placed  in  a  distilling  flaslc  and  the  free 
ammonia  driven  oiT  by  a  corrent  of  steam.  Ten  cubic  centimeters  of  specially  prepared  snl- 
phoric  acid,  free  fVom  nitrogen,  are  added,  and  the  mixture  beated  over  a  free  flame  until  the 
solution  is  colorless.  It  is  then  cooled  and  powdered  potassium  permanganate  added  until 
color  appears,  when  60  cubic  centimeters  of  ammonla>free  water  are  added.  The  solution  is 
neutralized  by  a  solution  of  caustic  soda,  distilled  by  the  aid  of  a  current  of  steam,  and  the 
distillate  nesslerized  and  read  as  usual. 
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during  the  week  in  which  these  experiments  were  being  carried  out. 
These  results  show,  upon  standiug  twenty-four  hours,  an  increase  of 
over  100  per  cent,  in  the  amount  of  free  ammonia  in  the  sewage, 
and  a  total  disappearance  of  the  free  dissolved  oxygen  and,  practi- 
cally, of  the  nitrates  and  nitrites.  The  amount  of  organic  nitrogen 
by  the  Kjeldahl  method  decreased  67  per  cent,  during  the  experi- 
ment, while  the  relation  of  the  albuminoid  ammonia  to  the  organic 
nitrogen  changed  from  20  per  cent,  at  the  beginning,  to  50  per  cent, 
at  the  end.  The  decrease  in  the  amount  of  oxygen  consumed  after 
boiling  two  minutes  and  five  minutes  is  seen  to  be  40  and  50  per 
cent,  respectively.  Another  point  worth  mentioning  is  that,  as  the 
crude  organic  matter  is  converted  to  free  ammonia,  it  is  the  soluble 
and  not  the  insoluble  portions  which  are  the  first  to  undergo  this 
change. 

The  results  of  study  in  these  lines  are  of  value  for  two  reasons  :  — 

1.  They  give  us  a  clearer  conception  of  the  initial  step  in  the 
purification  of  organic  matter  by  bacterial  action,  a  process  which  is 
of  the  utmost  importance  in  the  economy  of  nature. 

2.  They  pave  the  way  for  more  substantial  knowledge  concern- 
ing the  composition  of  sewage,  and  for  more  accurate  data  upon  the 
capacity  of  various  filtering  materials  to  purify  sewage,  expressed 
in  units  of  unpurified  and  unoxidized  substances. 

With  a  view  to  obtaining  additional  data  upon  the  composition 
of  sewage,  there  have  been  made  during  the  past  year  four  series  of 
analyses  of  hourly  samples  of  sewage  from  places  in  the  State  where 
there  are  purification  plants  in  operation.  The  results  of  a  similar 
series  from  the  Lawrence  Street  sewer  have  already  been  presented 
on  page  450.  An  outline  of  the  conditions  under  which  the  samples 
were  collected,  with  the  methods  of  analyses,  is  next  presented,  and 
following  this  are  the  tables  of  analyses  and  a  summary  of  the  aver- 
age results. 

General  Features  of  Series  of  Samples  of  Sewage  collected  Hourly. 

All  samples  were  collected  at  a  time  when  there  had  been  no  rain- 
fall for  several  days.  The  chemical  samples  were  treated  at  once 
with  mercuric  acetate  in  the  proportion  of  1  part  to  4,000,  in  order 
to  kill  the  bacteria  and  to  prevent  decomposition,  as  illustrated  by 
the  last  table,  during  transportation  to  the  laboratory.  As  has  been 
already  stated,  this  treatment  prevents  an  accurate  determination  of 
insoluble  matters,  but  it  has  the  decided  advantage  of  enabling  the 
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organic  matters  to  be  obtained  without  any  decomposition  after  the 
time  of  collection.  Determinations  of  dissolved  oxygen  were  made 
on  the  spot  from  separate  samples.  Still  another  set  of  samples 
was  diluted  1  to  500  with  sterilized  water,  from  which  plantings 
for  bacteria  were  made  at  once  in  glycerine  agar,  and  the  plates 
allowed  to  develop  for  four  days  at  about  20^  C.  The  oxygen  con- 
sumed was  determined  after  boiling  for  periods  of  two  and  five 
minutes,  in  order  to  obtain  a  connecting  link  between  the  methods 
of  the  Lawrence  and  Boston  laboratories. 

The  only  further  comment  necessary  upon  the  methods  of  analyses 
is  to  state  that  the  hardness  means  total  hardness,  sometimes  called 
alkalinity,  and  was  determined  by  titrating  the  samples  against  a 
sulphuric  acid  solution,  using  methyl  orange  as  the  indicator. 

With  the  exception  of  the  Worcester  State  Lunatic  Hospital  the 
data  are  inadequate  for  an  accurate  estimation  of  the  number  of 
persons  contributing  to  the  several  sewage  systems.  This  is  chiefly 
so  because  a  large  percentage  of  the  persons  use  the  sewers  for  only 
a  portion  of  the  day.  The  approximate  estimates  which  are.  used 
further  on  are  based  on  the  relation  of  the  water  flowing  in  sewers 
to  the  estimated  average  consumption  per  capita. 

Special  Features  of  Series  of  Sewage  Samples  collected  Hourly. 

Worcester  State  Lunatic  Hospital. — This  institution  is  situated 
on  a  hillside  on  the  outskirts  of  the  city,  and  beyond  the  limits  of 
the  city  sewers.  There  was  practically  no  ground  water  or  surface 
water  flowing  into  the  sewer;  in  fact,  all  the  water  going  to  the 
sewer  passed  through  a  meter  on  the  city  service  pipe.  The  num- 
ber of  inhabitants  on  June  26  and  27,  the  dates  of  collection,  was 
about  950.  The  samples  of  sewage  were  collected  at  a  man-hole 
several  hundred  feet  from  the  buildings,  and  just  above  the  settling 
tank,  through  which  the  sewage  passes  on  its  way  to  the  irrigating 
field. 

A  very  considerable  portion  of  the  water  supply  is  used  for 
laundry  purposes,  and  this  explains  the  high  temperature  of  the 
sewage  during  the  day.  As  the  laundry  is  operated  six  days  in  the 
week,  there  is  reason  to  believe  that  these  results  are  representative. 

Owing  to  the  fact  that  the  samples  were  collected  only  a  very  few 
minutes  after  entrance  of  the  sewage  into  the  sewers,  the  sewage 
uniformly  contained  dissolved  oxygen,  nitrogen  as  nitrates  and 
nitrites,  and  the  r^tio  of  free  ammonia  to  the  organic  nitrogen  was 
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very  low.  Another  proof  of  the  freshness  of  the  sewage  was  the 
fact  that  upon  reaching  the  point  of  collection  it  contained  in  many 
instances  undisintegrated  feeces.  This  made  it  difficult  to  collect 
representative  samples  in  some  cases.  The  measurements  of  the 
flow  of  sewage  were  taken  from  meter  readings,  and  the  quantity 
per  capita  was  found,  upon  consulting  the  records  of  the  institu- 
tion, to  approximate  very  closely  the  average  for  a  period  of  several 
months  preceding  this  time. 

Marlborough,  —  The  sewerage  system  of  this  city  is  of  the  so- 
called  separate  type ;  but,  as  there  are  no  underdrains  beneath  the 
sewers,  a  considerable  quantity  of  ground  water  enters  them.  The 
length  of  the  outfall  sewer,  from  the  last  lateral  to  the  point  where 
it  discharges  into  the  settling  tank  on  the  filter  field,  is  about  four 
miles. 

Samples  of  sewage  were  collected  July  10  and  11  from  the  man- 
hole just  as  the  sewage  entered  the  settling  tank.  Measurements 
were  made  by  noting  the  time  taken  to  fill  one  of  the  compartments 
of  this  tank.  It  will  be  observed  that  the  sewage  contained  no  free 
dissolved  oxygen  during  the  maximum  flow,  although  during  the 
greater  part  of  the  day  it  was  present.  The  longer  period  of  time 
aflforded  for  bacterial  action  due  to  the  flow  through  the  pipe  gave 
a  high  ratio  of  free  ammonia  to  organic  nitrogen.  It  was  found 
that  during  the  maximum  flow  dissolved  oxygen  was  absent  in  the 
outflow  sewer  below  a  man-hole  7,200  feet  from  the  last  lateral. 
The  city  water  was  found  on  this  date  to  contain  65  bacteria  per 
cubic  centimeter,  and  76  per  cent,  of  dissolved  oxygen  necessary 
for  saturation  at  the  actual  temperature. 

Gardner.  —  The  sewers  in  this  town  receive  at  time  of  rain  some 
surface  water,  and  a  large  amount  of  ground  water  enters  them. 
Samples  were  collected  July  26  and  27,  as  the  sewage  flowed  into 
the  settling  tank  on  the  filter  field,  which  is  about  one  mile  distant 
from  the  outskirts  of  the  village.  In  the  last  1,050  feet  of  the  out- 
fall sewer,  12  inches  in  diameter,  the  sewage  passes  through  an  in- 
verted siphon.  Measurements  were  made  of  the  quantity  by  noting 
the  time  taken  to  fill  one  of  the  compartments  of  the  settling  tank. 
Here,  as  at  Marlborough,  the  free  dissolved  oxygen  was  absent  dur- 
ing the  maximum  flow,  but  at  no  time  was  it  found  wanting  in  the 
sewage  as  it  entered  the  siphon.  It  will  also  be  noted  that  nitrates 
and  nitrites  were  regularly  present. 

On  the  dates  of  collection  of  these  samples  the  public  water  sup- 
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ply  contained  130  bacteria  per  cubic  centimeter,  and  86  per  cent,  of 
free  oxygen  necessary  for  saturation  at  the  actual  temperature. 

Framingham.  —  At  this  place  there  are  underdrains  beneath  the 
principal  sewers  to  carry  off  the  ground  water.  Samples  were  col- 
lected September  11  and  12  as  the  sewage  entered  the  collecting 
reservoir  at  the  pumping  station,  about  one  mile  distant  from  the 
village.  Measurements  of  the  quantity  were  taken  from  a  gauge  in 
the  reservoir,  together  with  pumping  records  when  the  pumps  were 
in  operation. 

In  addition  to  the  samples  collected  at  the  above-mentioned  point, 
analyses  of  three  additional  samples  are  given :  first,  sewage  from 
the  check  valve  of  the  pump  a  little  while  after  it  was  started ; 
second,  sludge  from  this  valve  just  before  the  pumps  were  stopped, 
and  when  there  were  less  than  six  inches  in  depth  of  sewage  in  the 
collecting  reservoir;  third,  from  the  underdrain  beneath  the  main 
sewer. 

The  free  dissolved  oxygen  was  exhausted  on  several  occasions 
during  the  maximum  flow.  At  this  time  the  public  water  supply 
contained  49  bacteria  per  cubic  centimeter,  and  85  per  cent,  of 
dissolved  oxygen  necessary  for  saturation  at  the  actual  temperature. 

Besults  of  analyses  of  this  set  of  serial  samples  are  as  follows  :  — 
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The  Dext  set  of  tables,  three  Id  number,  present,  first,  a  repre- 
sentative analysis  of  the  sewage  flowing  in  the  sewer  at  each  place 
during  the  entire  twenty-four  hours ;  second,  an  analysis,  and  esti- 
mate of  the  quantity,  of  ground  water  entering  the  sewers  ;  and  third, 
a  representative  analysis  of  the  sewage  proper,  that  is,  excluding 
constituents  of  the  ground  water  and  city  water  from  the  results. 

At  the  Worcester  State  Lunatic  Hospital  there  was  practically  no 
ground  water  in  the  sewer,  and  at  the  other  places  the  analyses  do 
not  correspond  in  all  cases  to  minimum  amounts  of  each  individual 
substance,  but  they  are  complete  for  the  single  sample  considered 
to  contain  the  least  crude  sewage.  The  quantities  given  for  the 
ground  water  do  not  correspond  exactly  with  analyses  given,  be- 
cause it  was  found  that  the  purest  ground  water  flowed  at  the  end 
of  the  outfall  sewers  in  the  early  morning,  after  the  regular  use  of 
the  sewers  of  the  day  had  begun,  and  when  the  increased  flow  in 
the  lateral  sewers  pushed  forward  the  ground  water  a  little  more 
rapidly  than  when  nothing  else  entered  the  sewers. 


Table  showing  Analyses  of  Sewage  representing  the  entire  Day''s  Flow  at  Each 

Place. 

Lawrence  Street  Setoer,  Lawrence, 

[Parta  per  100,000.] 


Tnta.1 

Temperature.             1 
DeirreeeF.  \ 

AmiOMIA. 

Ok 

w      Chlorine. 

Oroakic 

NiTKOOKN. 

NiTIOOKM 
A8 

Total 
Nitrogen 

Organic 
Nitrogen 

by 
KJeldahl 
Method. 

OXTORV 
COHaUXKD. 

Ib 

i 

B 

■s 

a 

Bacteria  per  Cnblo 
Centtmeter. 

Flow 

during 

S4  Hours. 

Oaliona. 

i 

« 

1 

B 

1 

Albuminoid 
Ammonia. 

KJeldahl 

Method. 

• 

1 

9^ 

Boiled 
%  Minutes. 

Boiled 
5  Minutes. 

965,400 

65 

1.82 

.54 

.44 

1.85 

.16 

1 

.0038 

8.50 

3.40 

4.71 

86.8 

10.3 

8.1    1,215,000 

1 

Worcester  State  Limbic  Hospital. 


68,000 


78 


.74 


.72 


8.40 


.50 


8.25 


.05 


.0015 


8.01 


6.46 


12.a5 


56.8 


8.3 


4.5 


871,000 


Marlborough. 


848,000 


57 


3.67 


1.30 


6.05 


1.06 


2.48 


.05 


.0064 


5.56 


5.96 


8.64 


10.0 


26.3  9.0 


1,518,000 


Gardner. 


200,000 


64 


1.17 


.38 


3.09 


.31 


1.12 


.03 


.0024 


2.11 


2.14 


8.36 


10.5 


I 
0.8,1.7 


1,121,000 


Framing  ham. 


147,600 


60 


8.00 


.72 


i        I 
4.80! 


.50 


1.67 


.03 


.0055 


4.24 


5.00 


7.28 


11.2 


21.3 


5.6 


1,533,000 
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7Vi6fe  showing  Anaiyta  of  Oround  Waler  entering  the  Sewers  at  Each  Plaee. 

Lmerene*  Strut  Sever,  tmertne*. 
[P*ftt  par  100,000.] 


Total 

Flow 

daring 

%%  Hoar*. 

GAlkma. 

■ 

a 

Ammonia. 

• 

« 

Oboavio 
NiTBoauv. 

MlTROOBH 
At 

Total 
Nitrogen. 

Organic 
Mltrogen 

KJelSahl 
Method 

OxroBV 

COM8U4KI  . 

1^ 

■ 

a 

i 

i 

i  a 

1 

1 

•<   1 

1 

• 

Jl 

Hr-aa 

< 

=1 

1 

S 

1 

• 

I 

•  0 
s 

1" 

1 

a 

r 

617,000 

02 

.00 

.00 

2.01 

.06 

.88 

.20 

.0190 

1.00 

.00 

.90 

68 

11.0 

0.0 

200,000 

Marlborough* 


S10,000 


67 


.86 


.07   I  2.10 

I 


.06 


.80 


.22 


.0800 


0.90 


.44 


.68 


78 


18.0 


0.1 


670,000 


Gardner, 


180,600 


04 


.10 


.04 


0.85 


.08 


.10 


.04 


.0018 


0.28 


.82 


.48 


46 


8.8 


0.1 


288,000 


Framingham, 


40,700 


60 


'  .41 


.06 


1.00 


.04 


.18 


.01 


.0060 


0.68 


.70 


.80 


80 


8.8 


0.2 


408,000 


Table  showing  NUrogen^  Chlorine^  Oxygen  consumed^  FcUs  and  Baeleria  in  8ew<igt 
from  Each  Place^  after  deducting  from  the  Representative  Analyses  the  Amounts 
of  these  Constituents  in  Qrwind  Water  and  Public  Water  Supply. 

[ParU  per  100,000.] 


Ammovia. 

Oroamic 

NiTBOOBM 1 

'  OxroBB 

^ 

MlTBOOHM. 

1 

AB 

ToUl 

ConauxBD. 

^ 



Nitrogen. 

o 

. 

Placb. 

• 

! 

Albuminoid. 

s 

1 

Albuminoid 
Ammonia. 

KJeldahl 

Method. 

1 

55 

i 

55 

Organfc 
Nilroflen 

Ktfldahl 
Method. 

• 

: 

B 

e 

!  1* 

t 

a 
c 

ti 

r 

Bacteria  per 
OentlBBeter. 

Lawreooe  Street  aewer, 

1.82 

.46 

8.76 

.88 

1.45 

.00 

.0000 

2.58 

2.78 

8.40 

966,000 

Lawrenoe. 

'Worcester  Sute  Lana. 

0.74 

.70 

8.25 

.67 

3.20 

.00 

.0000 

;    8.81 

1.76 

3.81 

871,000 

tie  HoaplUl. 

1 

Marlborough, 

8.80 

1.21 

4.60 

.99 

2.04 

1.00 

.0000 

4.75 

5.82 

7.82 

948,000 

Gardoer, 

1.07 

.33 

2.90 

.27 

.90 

'.00 

.0000 

•1.84 

1.70 

2.70 

883,000 

FramiDgham, 

2.08 

.07 

1  2.70 

1 

.66 

1.49 

.00 

.0000 

8.00 

4.24 

0.84 

1.040,000 

Comparison  of  Relative  Amounts  of  Substances  in  Sewage, 

In  the  following  table  are  presented  comparisons  of  relative 
amounts  of  different  substances  in  the  several  sewages,  as  indicated 
by  the  results  of  analyses  of  representative  samples  for  twenty-four 
hours'  flow  :  — 
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Table  showing  Comparison  of  Relative  Amounts  of  Different  Substances  in  Repre- 

senlative  Sewage  from  ike  Several  Places  aforesaid. 

Nitrogen  as  Albuminoid  Ammonia  (  Wanklyn)  with  Organic  Nitrogen  {Kjeldahl) . 

[Parts  per  100,000.] 


Worcester 

Slate 

Lunatic 

Hosplul. 


Marl- 
boroagh. 


Gardner. 


«•— «.     '  Lawrence 
Fram-    i     j-j^^ 

Ingham.;    g^^^,^ 


Experi- 
ment 
Station. 


Nitrogen  aa  albamlDoid  ammonia  (Wanklyn), 
Organic  nitrogen  (EJeldabl),   .       .       .       . 
Per  cent,  which  former  la  of  latter, . 
Per  cent,  of  diaaolved  oxygen,  .... 


.&0 

1.07 

.81 

.50 

.44 

8.25 

2.48 

1.12 

1.67 

1.85 

18 

43 

28 

36 

24 

66.8 

19.0 

10.5 

11.2 

36.6 

.52 
1.30 

40 
0 


Nitrogen  aa  Free  Ammonia  with  Total  Nitrogen  {Kjeldahl), 


Nitrogen  aa  free  ammonia 

.61 

8.01 

.05 

2.63 

1.40 

2.S1 

Toul  nitrogen  (EJeldahl) 

8.62 

5.56 

2.11 

4.27 

8.45 

4.11 

Per  cent,  which  former  la  of  latter, . 

17 

54 

45 

60 

43 

68 

Oxygen  Coneumed,  determined  after  boiling  2  minutes  and  5  minutes. 


Oxygen  conanmed  after  two  minntea. 
Oxygen  conanmed  after  five  minntea, 
Per  cent,  which  former  la  of  latter, . 


6.46 

5.06 

2.14 

5.00 

3.40 

12.85 

8.64 

8.86 

7.28 

4.71 

50 

60 

64 

69 

74 

8.M 


Total  Nitrogen  (Kjeldahl)  with  Oxygen  Consumed  after  2  minutes. 


Toul  nitrogen  (EJeidahl),        .... 

3.62 

5.56 

2.11 

4.27 

8.45 

4.11 

Oxygen  oonaumed  after  two  minntea,     . 

6.46 

5.96 

2.14 

5.00 

3.40 

8.54 

Per  cent,  which  former  la  of  latter, . 

56 

08 

00 

85 

09 

116 

Total  Nitrogen  {Kjeldahl)  with  Chlorine. 


Total  nitrogen  (Kjeldahl),        .... 

3.62 

5.56 

2.11 

4.27 

8.46 

4.11 

Chlorine, 

3.40 

6.95 

8.99 

4.80 

6.86 

8.07 

Per  cent,  which  former  ie  of  latter, . 

106 

80 

53 

89 

50 

51 

Total  Nitrogen  {Kjeldahl)  with  Fats. 


Total  nitrogen  (Kjeldahl), 

Fata,    ••••.•« 

Per  cent,  which  former  la  of  latter, . 


3.62 

5.56 

2.11 

4.27 

3.45 

4.5 

9.9 

1.7 

5.6 

8.1 

80 

56 

124 

76 

111 

4.11 
4.4 
93 
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The  chief  points  to  be  noticed  in  the  above  table  are  as  follows  :  — 

1.  The  amount  of  organic  nitrogen  represented  by  the  albuminoid 
ammonia  (Wanklyn  method)  was  found  to  be  a  comparatively  small 
and  variable  per  cent,  of  that  found  by  the  Kjeldahl  method.  This 
percentsige  was  lowest  at  the  Worcester  State  Lunatic  Hospital, 
where  the  sewage  is  freshest  and  the  amount  of  dissolved  oxygen  is 
greatest ;  it  was  highest  at  the  Experiment  Station,  where  the  sewage 
is  most  stale  and  where  dissolved  oxygen  is  absent. 

2.  The  percentage  which  the  nitrogen  as  free  ammonia  forms  of 
the  total  nitrogen  is  also  variable,  and  follows  in  a  general  way  the 
percentage  which  the  organic  nitrogen  of  the  albuminoid  ammonia 
(Wanklyn  method)  forms  of  that  by  the  Kjeldahl  method,  as  re- 
ferred to  above. 

3.  The  results  obtained  of  the  oxygen  consumed  after  boiling 
two  minutes  and  five  minutes,  respectively,  vary  within  very  narrow 
limits,  and,  generally  speaking,  results  by  the  former  method  seem 
to  be  about  two-thirds  of  those  by  the  latter. 

4.  The  last  three  comparisons  are  of  less  importance,  but  are 
presented  as  a  matter  of  record. 

Comparison  of  Amounts  per  Capita  per  Day  of  Substances  con* 
tributed  by  the  Estimated  Populations  to  the  Several  Sewages. 

In  the  table  below  are  given  the  amounts  per  capita  of  the  various 
substances  contributed  to  the  sewages  from  several  places.  The 
results  do  not  include  the  substances  in  the  ground  water  or  in  the 
public  water  supply.  By  this  method  the  results  are  directly  com- 
parable, but  it  is  to  be  remembered,  as  already  stated,  that  the 
estimates  of  the  numbers  of  persons  using  the  sewers  are  only 
approximate.  The  estimates  of  the  number  of  persons  per  day  (of 
twenty-four  hours)  using  the  sewers,  based  to  a  large  extent  except 
at  Worcester  upon  the  consumption  of  water  per  capita,  are  as  fol- 
lows: Lawrence  Street  sewer,  Lawrence,  7,000;  Worcester  State 
Lunatic  Hospital,  950;  Marlborough,  3,000;  Grardner,  900;  and 
Framingham,  2,500. 

The  figures  in  the  table  show  a  marked  variation  in  the  amount 
per  capita  of  organic  and  other  matters  from  sewages  from  different 
places.  As  it  is  clearly  understood  that  the  amount  of  crude 
organic  matter  in  sewage  has  a  practical  bearing  in  estimating  the 
capacity  for  purification  of  filtering  materials,  especially  during  the 
winter  months,  it  is  proposed  to  continue  these  investigations,  and 
further  discussion  is  deferred  until  more  data  are  available. 
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Table  showing  the  Average  Amounts  of  Constituents  contributed  by  the  Esiimated 
Population  to  the  Sewage  from  the  Several  Places^  expressed  in  Pounds  per 
Capita  per  Day, 


Ammoxia. 

1 

Organic 

NiTXOOKN 

OXTOKN 

MlTKOOKir. 

^-    1 

Total 

COVBUMBD. 

1 

1    , 

^^i 

i 

Nlirogen. 

M 

3 

Bacteria. 

• 

5o§ 

fi 

S 

s 

• 

1 

a 
a  ! 

S 

®  =  8 

Jeldabl 

Mel 

1 

1 

KJeldahl 
Method. 

CO 

C  0 

BiiUons. 

N 

^ 

^ 

M 

S 

s 

l< 

< 

.   £ 

Lawrence  Street  sewer, 

.Ol&O 

.0050 

.0427 

.0043 

.0165 

.00 

.0000 

.0288 

1           1 
.0311.0388 

.0285 

617 

Lawrence. 

1 

' 

1          • 

Woroi*ater  State  Lana- 

.oou 

.0042 

.0105 

.0034 

.0192 

.00 

.0000 

.0229 

.0106  .0229 

.0270 

261 

tic  Hospital. 

1 

1 

i 

Karlburongh, 

.0813!. 0115 

.0427 

.0004 

.0194 

.00 

.0000 

.0451 

.0505.0743 

.0081 

4S2 

Gardner. 
Framlngnam, 

.0198  .0061 

.0536 

.0050 

.0178 

.00 

.0000 

.0340 

..0.'tI4l.0490 

,.0290 

24T 

.01S4 

,.0033 

I 

.0135 

.0027 

.0074 

.00 

.0000 

1 

.0184 

.0212  .0817 

i 

.0270 

1 

IM 

• 

Influence  of  Temperature  and  Composition  of  Sewage  upon 

Nitrification. 

Id  the  special  report  upon  Purification  of  Sewage  and  Water, 
1890,  the  description  of  the  process  of  nitrification  and  the  influ- 
ence of  Tarious  substances  and  conditions  upon  it  form  a  very 
prominent  feature.  Detailed  results  of  analyses  and  full  accounts 
of  the  conditions  were  presented  in  this  report,  showing  circum- 
stances under  which  nitrification  became  established  in  the  case  of 
the  seyeral  filters  operated  during  the  first  two  years  of  these  inves- 
tigations. In  the  last  two  reports,  as  well  as  in  the  present  one, 
the  results  of  analyses  have  been  presented  as  monthly  averages, 
and  the  account  of  the  work  of  the  filters  has  been  outlined  with  less 
detail.  In  consequence  of  this,  it  is  difficult  in  some  cases  to  learn 
how  quickly  nitrification  occurred  in  the  newer  filters,  and  to  obtain 
data  showing  the  work  of  the  filters  before  nitrification  became  estab- 
lished, or  during  what  may  be  called  the  <*  pre-nitrification  period.'' 

Accordingly  there  are  presented  in  the  following  table  the  pre- 
nitrification  results  obtained  from  each  filter  up  to  Jan.  1,  1895. 
For  the  s^ike  of  systematizing  the  records,  a  unit  of  one  square  foot 
of  filtering  surface  has  been  adopted  in  each  case.  All  available 
results  are  included,  but  some  of  the  earlier  filters  of  very  fine 
material,  such  as  clay,  peat  and  garden  soil,  in  which  nitrification 
never  became  established,  do  not  appear.  A  few  of  the  later  filters 
are  also  omitted,  because  the  filtering  material  was  placed  above  the 
original  under-drains,  which,  being  seeded  with  nitrifying  organisms, 
caused  nitrification  to  appear  from  the  outset. 

In  order  that  the  pre-nitrification  period  might  be  marked  by  a 
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well-defined  line,  these  results  include  all  those  obtained  until  the 
effiuents  showed  0.1000  part  per  100,000  of  nitrogen  as  nitrates, 
with  a  steadily  increasing  amount.  It  is  true  that  nitrogen  as 
Ditrates  appeared  before  reaching  this  amount,  but  it  was  somewhat 
variable  in  quantity,  occasionally  decreasing  to  almost  nothing,  so 
that,  for  the  sake  of  uniformity  and  clearness,  it  was  decided  to 
adopt  the  above  quantity  as  a  limit  for  this  period. 


Table  shovHng  Summary  of  BesuUs  obtained  for  Each  of  the  Several  Sewage 
Filters  during  the  Period  of  Pre-nilrificalion,  188  7-94 ,  Inclusive. 


NUXBBB 

or 

FiLTXK. 


Efliee- 

Rate 

tlve 

of  Flow. 

Hize. 

OallonB 

Milll- 

pt- r  Acre 

meten. 

Dallj. 

.  Hnmhcr    Number 

of  DajB     of  Imjs  ' 

I     atlcr  BlU-T     ! 

Date  of  Bcsin-  First  Sew-  First  Do«e 

nlng  of      I  aff«  was  |     came     . 

Experiment.  I  Applied     through 


bt-fore 
Klirates 


before 
Nitrates 


appeared,  appeared. 


Amount 
of  Nitro- 
gen Ap- 
plied per 
hquare 
Foot  of 
Filtering 
Surface. 

Founds. 


Amount 

ofNItro- 

fren  in  Ef- 

fluent,per 

Square 

Ki>ot  of 

Filtering 

Sorikoe. 

Pounds. 


Difference  be-  { 

tween  Amount' 

of  Nitrogen    ' 

Applied  and   i 

Effluent, 

per  Hqiiare 

Foot  of  Filler 

log  hurface. 

Pounds. 


1, 
2, 
8  A, 

7, 
9A, 

", 
U, 
ISA, 
18, 
18  A, 
M, 
ISB, 
25  C, 

16  B, 

17  A, 

1». 

21  A, 

22  A, 

26, 
27, 
28. 

29, 
80. 
81, 
82, 


.48 

.08 

(.48 
I  .08 

.04 

.86 

.85 

.17 

.36 

.48 

.19 

.48 

.19 

.48 

5.10 

5.10 

5.10 

.17 

.17 

1.00 

9.00 
.48 
.17 

9.00 
.48 
.17 
.17 


47,000 

62,000 

86,000 

47,000 

88,000 

42,000 

120,000 

30,000 

80,000 

820,000 

60,000 

800,000 

140,000 

100,000 

480,000 

160,000 

60,000 

47,000 

480,000 

240,000 

16.600 

66,800 

66,800 

18,000 

65,800 

65,800 

185,000 


Jan.  10, 1888 
Dec.  10, 1887 
Jan.  5, 1800 
Deo.  10, 1887 
Jan.  12, 1888 
Jan.  14, 1888 
Noy.l8,18B0 
Feb.  8,1888 
Feb.  16, 1888 
July  26, 1802 
Feb.  29, 1888 
Sept.  37, 1898 
Feb.  29, 1888 
July  26, 1892 
Feb.  26, 1894 
Jnly  26, 1892 
Jan.  28, 1890 
Jan.  28, 1890 
Mar.  19, 1804 
Mar.  19, 1894 
April  1,1890 
April  1,1890 
April  1, 1890 
May  27, 1890 
May  27, 1890 
May  27, 1800 
Dec.  6,1891 


84 

166 
82 
184 
110 
136 
108 
67 
68 
4 
44 
10 
82 
13 
68 
12 
67 
61 
66 
66 
83 
80 
86 
17 
18 
13 
83 


88 

.0102 

.0088 

148 

.0169 

.0028 

73 

.0106 

.0020 

123 

.0196 

.0020 

108 

.0113 

.0028 

121 

.0166 

.0016 

101 

.0461 

.0240 

66 

.0064 

.0004 

68 

.0068 

.0008 

8 

.0013 

.0008 

42 

.0066 

.0006 

9 

.0184 

.0161 

31 

.0098 

.0022 

13 

.0106 

.0030 

68 

.0119 

.0106 

IS 

.0106 

.0024 

66 

.0187 

.0036 

48 

.0098 

.0013 

66 

.0174 

.0111 

68 

.0086 

.0060 

88 

.0020 

.0006 

29 

.0078 

.0028 

36 

.0078 

.0028 

17 

.0010 

.0001 

12 

.0029 

.0007 

12 

.0029 

.0006 

82 

.0074 

.0058 

.0064 
.0141 
.0088 

.0176 
.0090 
.0140 
.0211 
.0060 
.0060 
.0010 
.0060 
.0088 
.0076 
.0076 
.0013 
.0083 
.0113 
.0086 
.0068 
.0026 
.0014 

.ooeo 

.0050 
.0009 

.0022 
.0028 
.0016 


Tkmpkba- 
TURB  or 

Epflckhts. 
Dko.  F. 


a 

0 

a 
9 


40 
50 
41 
42 
44 
61 
46 
47 
44 
78 
44 
68 
44 
76 
68 
76 
46 
44 
61 
60 
64 
64 
66 
66 
62 
68 
49 


8 

B 

i 


36 
34 
37 
36 
84 
84 
36 
86 
36 
72 
86 
66 
36 
70 
38 
70 
39 
40 
42 
42 
47 
47 
46 
58 
58 
58 
89 


87 

38 

88 

37 

88 

88 

87 

40 

40 

74 

41 

68 

41 

72 

U 

72 

48 

42 

60 

61 

50 

60' 

60 

61 

60 

60 

44 
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From  the  above  results,  which  are  summarized  in  the  next  table > 
we  learn  that,  while  ten  days  or  less  were  sufficient  in  warm  weather 
to  allow  nitrification  to  become  established,  a  period  of  one  hundred 
days  or  more  was  necessary  in  the  case  of  some  of  the  filters  started 
during  the  winter.  We  also  learn  that  the  amount  of  stored  nitro- 
gen (more  accurately,  the  difference  between  the  amount  applied 
and  that  in  effluent)  in  the  filters  at  the  end  of  the  pre-nitrification 
period  was  in  some  cases  less  than  5  per  cent,  of  what  it  was  in 
others. 


Summary  of  Pre-nitrificcUion  Results,  by  Months. 


HOMTH. 

N  amber 

of 

Filters 

Started. 

Ayerage 

Number  of 

Days 

before 

Nitrates 

Appeared. 

AvBKAeB  Amouvt  of  Nitboobx 

rsB  Squabs  Foot  ov  Sub- 

PACB  (Poumdb). 

ATBBAOB  TBMPBBATDBSa  OV  THB 
EFrLCBMTt  (Dbqbbbs  F.}. 

Applied. 

In  Efflaent. 

DUTerence. 

Maximum. 

Mlnlmom. 

Arerage. 

Jftoaary, 

6 

83 

.0110 

.0022 

.0007 

44 

86 

89 

P^bmary, 

6 

61 

.0078 

.0000 

.0009 

46 

86 

41 

Maroh,    .       . 

2 

U 

.0185 

.0085 

.0060 

60 

42 

50 

AprU,     .       . 

3 

82 

,0171 

.0067 

.0114 

66 

47 

60 

May.       .       , 

8 

14 

.0028 

.0005 

.0018 

64 

68 

60 

J«De,      • 

0 

- 

- 

- 

- 

- 

^ 

- 

July.      .        . 

8 

9        > 

.0076 

.0010 

.0066 

76 

71 

78 

August, . 

0 

- 

- 

- 

- 

^ 

- 

- 

September,    . 

1 

10 

.0184 

.0161 

.0038 

60 

66 

56 

October, 

0 

- 

- 

- 

- 

- 

- 

- 

November,    . 

1 

101 

.0451 

.0240 

.0211 

46 

85 

87 

December, 

8 

118 

.0146 

.0035 

.oni 

47 

1 

86 

40 

It  will  be  noticed  that  the  greater  number  of  these  filters  were 
started  during  the  cold  season  of  the  year.  Partly  with  a  view  to 
obtaining  more  complete  data  upon  the  effect  of  temperature  and  of 
the  season  of  the  year,  and  partly  for  the  sake  of  studying  the  influ- 
ence of  differences  in  the  composition  of  sewage  upon  nitrification, 
a  series  of  special  experiments  was  started  in  June,  1894.  During 
each  month  of  the  year  a  set  of  three  tanks,  3.2  inches  in  diameter 
and  5  feet  deep,  has  been  filled  with  4  feet  6  inches  of  sand,  of  an 
effective  size  of  0.26  millimeter. 

To  these  tanks,  placed  within  the  building,  sewage  has  been 
applied  at  the  rate  of  120,000  gallons  per  acre  daily  for  six  days 
in  a  week,  as  follows:   To  No.  I.,  the  regular  station  sewage,  as 
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shown  by  analyses  on  page  452;  No.  II.,  regular  station  sewage, 
after  a  current  of  air  had  been  drawn  through  it  for  twenty  minutes ; 
and  to  No.  lU.,  fresh  sewage  from  the  Lawrence  Street  sewer. 
The  coefficient  of  absorption  of  air  by  ** ordinary"  sewage  is  not 
accurately  known,  but  in  these  experiments  the  sewage  contained, 
after  aeration,  from  80  to  90  per  cent,  of  the  oxygen  necessary  to 
saturate  water  at  the  actual  temperature. 

Monthly  averages  of  weekly  analyses  of  mixed  samples,  repre- 
senting each  day's  dose  of  the  sewage  in  the  Lawrence  Street  sewer, 
are  presented  in  the  following  table.  These  samples  were  collected 
at  about  1  p.m. 

Monthly  Averages  of  Analyses  of  Mixed  Weekly  Samples  from  Lawrence  Street 

Sewer,* 

[Parts  per  100,000.] 


Ammoku. 


Free. 


AlbamlDold. 


•Jofie, 
July, 
Aognet,   . 
September, 
October,  . 
Korember, 
December, 
Ayerngee, 


1.78 
3.04 

s.n 

2.01 
2.10 
2.20 
2.82 


.71 
1.21 
.23 
.84 
.86 
.70 
1.08 


2.28 


.»1 


Chlorine. 


Oxygen 
Oonsumed. 


8.80 
18.27 
7.71 
14.67 
6.01 
8.28 
7.97 


0.67 


4.n 

7.68 
6.70 
7.04 
0.16 
0.26 
7.40 


0.66 


*  Determioetlone  were  not  made  regalerly  of  the  nitrogen  m  nltretee  end  nitritee,  bnt  the  former 
wee  present  in  amounts  ranging  from  0.01  to  0.20  part. 


Frequent  analyses  have  been  made  of  the  effluent  of  each  filter  of 
the  several  monthly  sets,  and  from  these  results  there  have  been 
i^ollected  the  pre-nitrification  results,  after  the  same  uniform  scheme 
adopted  for  the  regular  sewage  filters  already  presented. 

With  regard  to  the  records  of  temperature  in  the  table  below,  it 
is  to  be  noted  that  they  represent  the  results  of  observations  from 
5  A.M.  to  6  P.M.,  and  during  the  night,  when  the  temperature  fell, 
DO  records  appear  in  the  averages.  In  the  case  of  large  filters  the 
temperature  of  the  effluent  varies  during  the  day  within  very  narrow 
limits,  but  this  point  is  worth  mentioning  in  connection  with  the 
small  filters,  where  the  material  is  more  exposed  to  changes  in  the 
temperature  of  the  air. 
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Summary  of  Pre-nitrifiealion  SeaulUfrom  Monthly  Sets  of  Special  Filters  Nos.  I., 

II.  and  III,  June  to  December  indusive,  1894. 


KUMBBH 
FII.TBB8  U 

ov 

THB 

Experi- 
ment 
Began. 

Nnmber  of 

D«TS 

betoreNItri- 

flcatton 
Appeared. 

AxonvT  or  Netboobb  pbb 
Sqdabb  Foot  or  Filtbbino  Sub- 

rAOB  IB  POOMDS. 

TXMPBBATITBB  OB  EFFLUXMT. 

Deobbbs  F. 

8CT. 

Applied. 

In  Efflaeot.  Diflinwaee. 

Maxlmam. 

Mlnimnm. 

ATerage. 

11.,       , 
III.,        . 

Jane   7 
.<      7 

4 

4 
4 

.0086 
.0030 
.0028 

.0004 
.0005 
.0005 

.0082 
.0031 
.0018 

70 
70 
70 

64 
64 
64 

70 
70 
70 

Im 
II.,        . 

lU.,      . 

July    6 
"      6 
"      6 

4 
4 
4 

.0037 
.0037 
.0087 

.0002 
.0002 
.0007 

.0035 
.0085 
.0080 

77 
77 
77 

70 
70 
70 

74 
74 

74 

I^       . 
ITT.,      . 

Aug.  14 
"     14 
"     14 

3 
2 

e 

.0028 
.0016 
.0040 

.0002 
.0001 
.0004 

.0021 
.0015 
.0086 

75 
75 
75 

78 
74 

72 

74 
74 
74 

Im 

n..    . 

lU.,      . 

Sept.  11 
••    11 
«•    11 

6 
6 

6 

.0040 
.0040 
.0068 

.0002 
.0002 
.0004 

.0068 
.0068 
.0034 

60 
00 
00 

64 
64 

64 

6T 
6T 
67 

Im 

n.. 
III.,     . 

Oct.  11 
••    11 
"    11 

11 
11 
11 

.0005 
.0005 
.007S 

.0007 
.0005 
.0011 

.0088 
.0090 
.0061 

61 
61 
61 

62 
62 
52 

56 
56 
66 

I-    ^ 

Um 

111., 

Noy.  12 

"    12 
•1     12 

50 
60 

.0617 
.0617 
.0506 

.0225 
.0243 
.0252 

.0802 
.0374 
.0254 

62 
52 
52 

32 
82 
82 

42 
4S 

4a 

Im 

n., 

TTI., 

Dec.  18 
"    18 
"     18 

87 
44 
84 

.0856 
.0424 
.0588 

.0115 
.0166 
.0180 

.0241 
.0258 
.0063 

50 
50 
50 

32 
82 
32 

41 
41 

41 

IV..      . 

Jan.    9 

15 

.0140 

.0020 

.0120 

68 

45                40 

From  these  results,  obtained  under  the  stated  conditions,  the  fol- 
lowing points  may  be  set  forth  :  — 

1.  Nitrification  became  established  in  each  case  in  from  two  to 
six  days,  when  the  average  temperature  of  the  efiSiuent  was  between 
67°  and  74°  F. ;  in  eleven  days  at  56°  ;  and  in  thirty-seven  days 
or  more,  when  the  average  temperature  was  45°  or  less. 
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2.  The  increase  of  3^  in  the  average  temperature  of  the  Decem- 
ber experiments,  owing  to  improved  heating  facilities,  caused  nitri- 
fication to  appear  fifteen  to  twenty-two  days  earlier  than  in  the 
corresponding  November  experiments. 

3.  Aeration  of  the  station  sewage  has  no  apparent  influence  in 
hastening  nitrification  at  any  time  during  the  year. 

4.  Nitrification  in  Filter  No.  III.,  which  received  fresh  sewage 
from  the  Lawrence  Street  sewer,  appeared  much  more  slowly  in 
cold  weather  than  in  the  case  of  the  other  two  filters  receiving  par- 
tially decomposed  sewage.  In  warm  weather  there  was  only  a  slight 
difference,  although  No.  III.  required  a  longer  time  for  complete 
nitrification  to  become  established. 

With  regard  to  the  individual  results  of  analyses  from  each 
monthly  set  of  experiments,  there  did  not  seem  to  be  enough  vari- 
ation to  make  it  woith  while  to  present  all  of  them  in  full ;  accord- 
ingly, as  a  matter  of  record,  and  to  point  out  the  difference  in  results 
in  warm  and  cold  weather,  the  individual  analyses  of  the  August  and 
November  sets  only  are  presented  (page  4^0). 

Three  points  of  practical  importance  are  brought  out  by  the  de- 
tailed analyses  beyond,  as  follows :  — 

1.  During  warm  weather  nitrification  under  the  stated  conditions 
appeared  before  the  capacity  of  the  filtering  material  to  absorb  the 
free  ammonia  of  the  applied  sewage  by  chemical  means  was  over- 
taxed. 

2.  During  warm  weather  nitrification  became  practically  com- 
plete in  so  short  a  time  that,  together  with  the  above-mentioned 
condition,  the  efiiuent  of  the  station  sewage  contained  but  little  free 
ammonia  at  any  time.  This  is  also  true  to  a  large  degree  of  the 
effluent  of  the  sewage  direct  from  the  Lawrence  Street  sewer. 

3.  During  cold  weather  the  capacity  of  the  filtering  materials  to 
absorb  free  ammonia  in  the  applied  sewage  was  overtaxed  long 
before  nitrification  set  in,  and  when  it  appeared  it  was  not  sufii- 
ciently  complete  to  prevent  comparatively  large  quantities  of  free 
ammonia  from  being  present  in  the  effluents. 

In  examining  these  individual  results  it  is  to  be  remembered  that 
the  sewage  from  the  Lawrence  Street  sewer  contains  some  nitrogen 
as  nitrates. 
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Table  showing  Results  of  IncUuiducU  AncUyses  of  the  August  Set  of  Special  Expert-- 

ments  upon  Nitrification, 

[ParU  per  100,000.] 


FiLTBB  No.  I. 

1              Filter  No.  IT. 

FiLTES  ] 

So.  III. 

AKMOHIA. 

1    NITBOaSM  AS 

'        AMMONIA. 

HITROOBX  A8 

AMMONIA.       ! 

HITROOBH  AS 

Date— 
1804. 

1 

1^ 
,3 

;  1 

• 

s 

a 

,1 

i 

§ 

• 

.1 

• 

1 

s 

i 

Si 

'  i 

i 

i 

si 

s 

5 

'  t 

II 

-c 

C 

< 

7^ 

1 

2; 

bi 

< 

» 

'A 

!        ^ 

< 

2: 

» 

Aug.  15.    . 

.0240 

.0280 

.06 

.0300 

'  .0820 

.0500 

.03 

.0280  ; 

1  .0760 

.0620 

.10 

.0200 

••     16.    . 

.0900 

.0800 

.04 

.0800 

.0700 

.0380 

.10 

.0700  , 

.1160 

.0480 

.07 

.0500 

"     17.    . 

.0440 

.0380 

.31, 

.0800 

.0700 

.0360 

.28 

.0700 

.0060 

.0680 

.20 

.0600 

"     18,    . 

.0320 

.0300 

.42' 

.0700 

.0660 

.0300 

.26 

.0600 

.1140 

.0600 

.24 

.0400 

"     20,    . 

.0640 

.0280 

1.04 

1.0000 

.0640 

.0380 

1.11 

.6000 

.0320 

.0680 

1.04 

.7000 

"     22,    . 

.0100 

.0180 

1.62 

.1400 

.0340 

.0340 

1.16 

.5000  ' 

.4000 

.0540 

.0» 

.3000 

"     26,    . 

.0840 

.0480 

.    8.76 

1             1 

.1000 

.0260 

.0220 

1 

4.28 

.4000 

.6000 

.0640  , 

1 

3.00 

.3000 

Table  showing  Results  of  Individual  Analyses  o}  the  November  Set  of  Special 

Experiments  upon  Nitrification, 

[Pftrts  p«r  100,000.] 


Filter  No.  I. 

Filter  No.  II. 

Filter  No.  III. 

1 

AMMONIA. 

MITROOEH  A8 

1 

AMMONIA. 

1 

M ITROOEir  AE 

AMMONIA. 

NITBOOEN  AS 

Date  — 
IHM. 

' 

,i 

1 

1 

1 

.i 

■ 

1 

1 

• 

i 

i 

• 

1 

If 

f! 

5 

i 

If 

i 

1     1 

i 

^1 

s 

S 

h 

-< 

Sq 

S 

u, 

-< 

s 

»     1 

£ 

< 

iBi 

S 

Nov.  13, 

.0600 

.0700 

.02 

.0860 

.0440 

.0420 

.02 

.0800  , 

.0700 

.1180 

.02 

.0480 

"     16.        . 

.0400 

.0620 

.01 

.0040 

.0420 

.0540 

.01 

.0060  I 

.0400 

.1000 

.OS 

.0800 

"     IT.        . 

.0800 

.0500 

.07 

.0040 

.1000 

.0600 

.04 

.0040 

.0600 

.0960 

.26 

.0140 

"     20, 

.3600 

.0640 

.00 

.0020 

.8800 

.0620  1 

.00 

.0020 

.1820 

.0620 

.10 

.0120 

"     22, 

.7«X) 

.07tW 

.00 

.0060 

.8000 

.0740  ■ 

.00 

.0080 

.8800 

.0660 

.03 

.0180 

••     24, 

1.8000 

.0880 

.00 

.0060 

1.4000 

.0860 

.00 

.0060 

.7000 

.0760 

.00 

.0120 

"     27. 

1.8800 

.1360 

.00 

.0040 

1.8800 

.1360 

.00 

.0040 

1.2000 

.1120 

.00 

.0120 

Deo.    8, 

8.3800 

.2280 

.00 

.0160  < 

4.2000 

.2140 

.00 

.0280 

2.8600 

.2240 

.06 

.0680 

••      6,       . 

2.8400 

.1240 

.00 

.0060 

4.1000 

.1060 

.00 

.0040 

2.0800 

.1160 

.14 

.0080 

••      6.       . 

8.3600 

.2000 

.02 

.0040 

3.6500 

.1400 

.02 

.0040 

2.2600 

.1300 

.14 

.0060 

"      8,        . 

2.0000 

.1200 

.02 

.0080 

2.0000 

.1180 

.02 

.0060  1 

!  2.4000 

.1880 

.14 

.0120 

"     11.       . 

8.0600 

.1160 

.00 

.0040 

3.5600 

.1320 

.00 

.0060 

,  3.2000 

.1800 

.10 

.0120 

"     18.       . 

8.6500 

.1100 

.00 

.0080 

3.7000 

.1600 

.00 

.0060 

1  9.8600 

.1800 

.10 

.0100 

••     16.        . 

3.2000 

.0640 

.03 

.0140 

3.2000 

.1360 

.03 

.0080 

,  2.6600 

.I860 

.16 

.0100 

"     1«. 

8.6000 

.1320 

.10 

.0100 

1  8.6000 

.1100 

.07 

.0040 

i  3.7600 

.1100 

.20 

.0100 

"     22, 

8.6000 

.2000 

.09 

.0140 

3.4500 

.1400 

.09 

.0060 

1  8.6000 

.1800 

.08 

.0080 

1809. 

Jed.     1, 

8.6000 

.1700 

.05 

.0060 

3.6600 

.2800 

.04 

.0060 

4.0600 

.2300 

.16 

.0100 

"      »•        . 

4.0000 

.1600 

.16 

.0210 

4.0600 

.1400 

.15 

.0060 

.9500 

.1200 

.11 

.0070 

."     16,       . 

4.0000 

.1300 

.20 

.0200 

4.2600 

.2900 

.25 

.0160 

8.9600 

.8600 

.03 

.0070 

"     28, 

4.4600 

.1500 

.38 

.0280 

4.2500 

.2300 

!  .30 

.0120 

3.0600 

.200(» 

.13 

.0080 

"     80. 

4.0000 

.1800 

.55 

.0140 

4.9500 

.1800 

.62 

.0120 

8.6000 

.1500  j 

.22 

.0180 

Feb.     6. 

4.0000 

.3200  , 

.60 

.0300 

3.7000 

.2600 

.85 

.0340  1 

8.6000 

.8600 

.00 

.0500 

"     12, 

3.60O0 

.1000 

1.32 

.0700 

3.2500 

.1200 

1.77 

.0520 

1  3.6600 

.2000  1 

.32 

.0300 

"     20, 

3.0500 

.1400  ' 

,1.72 

.0420 

3.0500 

.1600 

'2.17 

.0820 

4.1000 

.1900 

.61 

.0200 

"     27, 

2.6500 

.1400  1 

!l.90 

.0560 

2.2000 

.1400 

2.17 

.0320 

3.4500 

.1800 

.63 

.0440 

liar.  13, 

.6500 

.0700 

12. 59 

.1400 

.6500 

.0600 

2.37 

.0500 

2.6000 

.1000 

1.32 

.1550 

"     27, 

.0800 

.1000 

2.66 

.0700 

.0400 

.0700 

2.51 

1 

.0400 

.4000 

.0800 

12.03  ; 

1 

.2200 
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Experiments  to  show  the  Influence  upon  Nitrification  during  Mid-- 
winter  of  Comparatively  High  and  Very  Low  Temperatures. 

Od  Jan.  9, 1895,  a  four-inch  galvanized  iron  tank  (Filter  No.  IV.) 
was  filled  with  Rome  of  the  same  grade  of  material  as  was  used  for 
the  regular  monthly  sets  of  nitrification  experiments,  and  received 
station  sewage  at  the  rate  of  120,000  gallons  per  acre  daily  for  six 
days  in  a  week.  It  was  placed  in  a  warmer  location  than  were  the 
filters  started  in  November  and  December. 

During  the  pre-nitrification  period  the  maximum  temperature  of 
the  effluent  was  53°,  the  minimum  45°  and  the  average  50°  F. 
Nitrification  became  well  established  sixteen  days  after  the  first 
dose  was  applied,  as  is  shown  by  the  table  of  analyses  beyond. 
The  amounts  of  nitrogen  applied  to  the  filter,  present  in  the  efflu- 
ent, and  stored  in  the  filter  (obtained  by  difference)  during  this 
period  were  0.0140,  0.0020  and  0.0120  pound,  respectively,  per 
square  foot  of  filtering  area.  Upon  the  comparison  of  these  results 
with  similar  ones  obtained  in  August  and  November,  it  will  be  seen 
that  they  correspond  much  more  closely  with  the  former,  particu- 
larly with  regard  to  the  appearance  in  a  short  time  of  high  amounts 
of  nitrites. 

On  February  22  nitrification  was  well  established,  and  after  the 
filter  was  well  drained  it  was  exposed  to  outdoor  temperatures,  with 
no  application  of  sewage,  for  one  week,  during  which  the  average 
maximum  and  minimum  temperatures  of  the  air  were  35°  and  10°  F. 
respectively.  On  March  1  it  was  replaced  in  the  building,  and  sew- 
age again  applied  as  usual.  The  sand  was  not  frozen  on  this  date, 
although  the  temperature  on  earlier  dates  was  much  below  32°  F. 
Owing  to  the  small  diameter  of  the  tank,  the  exposure  of  the  filter- 
ing material  to  the  cold  was  more  complete  than  is  the  case  with  filter 
fields.  This  condition  may  not  be  so  abnormal,  however,  as  would 
appear  at  first  sight,  because  in  filter  fields,  as  well  as  in  experi- 
mental filters,  the  nitrifying  organisms,  as  is  the  case  with  the  organic 
matter,  appear  to  be  largely  present  in  the  surface  layers  and  upper 
portions  of  the  material,  where  the  exposure  to  the  cold  is  much 
^eater  than  in  the  lower  layers. 

The  results  which  are  presented  in  the  next  table  show  that  nitri- 
fication practically  disappeared  after  March  1 ,  and  they  lead  to  the 
following  conclusions :  — 
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1.  Nitrification  in  sewage  filters  may  become  established  in  mid- 
winter at  an  average  temperature  of  50°  F.  in  the  comparatively 
short  period  of  sixteen  days. 

2.  Nitrification  may  be  destroyed  in  a  filter  which  has  been 
drained,  by  exposure  to  an  average  mean  temperature  of  22^  F.  for 
one  week  under  the  conditions  supplied  to  Filter  No.  IV. 

8.  Storage  of  organic  matter  in  filtering  materials  plays  a  far 
less  important  part  in  the  establishment  of  nitrification  than  does 
temperature,  although  it  is  of  course  necessary  to  have  some  food 
present  for  the  organisms  to  live  upon.  From  other  experiments  it 
appears,  however,  that  the  intensity  of  nitrification  depends  to  a 
considerable  extent  upon  the  storage  of  organic  matter. 

4.  The  time  necessary  to  re-establish  nitrification  was  practi- 
cally the  same  as  if  the  filter  were  new  ;  but  whether  the  organisms 
were  killed  by  the  exposure  to  the  cold,  or  only  affected  so  that 
their  functions  were  temporarily  interinipted,  cannot  be  stated  at 
present. 


Table  showing  Besults  of  Analyses  of  Effluent  of  Special  Filter  No.  IV, 

[ParU  per  100,000.] 


Jan. 


11. 

12. 

M. 
16. 

16. 
17, 
18, 
19. 
21. 
22. 
28. 
24, 
26, 
26. 
28, 
6, 
12. 
20, 

6. 
13, 
20. 
27. 
April  6, 
10, 


Feb. 


Mar. 


DATS. 


AMMONIA. 


Free. 


Albuminoid. 


.3500 

.0700 

.0820 

.0700 

.0700 

.0700 

.1200 

.1000 

.4600 

.6000 

.7000 

.9600 

1.2400 

1.7600 

1.7600 

.8600 

.1100 

.8600 

.6500 

2.9000 

3.6000 

8.6500 

8.6000 

2.7500 


.0920 
.0560 
.0580 
.0680 
.0800 
.0600 
.0600 
.0580 
.0600 
.0600 
.0600 
.0680 
.0520 
.1100 
.1100 
.1400 
.0780 
.1000 
.1300 
.1400 
.1500 
.1400 
.1600 
.2200 


KiTROOBM  A8 


Milratei. 


.05 

.02 

.00 

.02 

.01 

.00 

.00 

.00 

.00 

.00 

.00 

.15 

.50 

.41 

.83 

1.10 

1.47 

2.87 

.15 

.00 

.20 

.21 

1.67 

2.50 


Kltrltea. 


.0080 
.0100 
.0160 
.0200 
.0400 
.0600 
.1000 
.2600 
.8000 
.6000 
.0000 
.7000 
.7000 
.8000 
1.0000 
1.1000 
.7500 
.7500 
.0140 
.0080 
.0060 
.0100 
.0040 
.1500 
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^xpeinmenU  to  show  the  Injlnence  upon  Nitrification  of  Seeding 

Filters  with  Different  Materials. 

On  February  23  three  small  tanks  were  filled  with  4.5  feet  of 
«and,  as  follows :  Filter  No.  V.  contained,  in  addition  to  the  usual 
material,  5  per  cent,  of  sand  taken  from  the  surface  of  Filter  No. 
12  A,  mixed  evenly  through  the  whole  mass;  Filter  No.  YI.  con- 
tained soil  taken  under  the  snow  from  the  surface  of  a  garden, 
mixed  in  the  same  manner  and  proportion  as  No.  V. ;  and  No.  YII. 
was  filled  wholly  with  new  sand  from  the  same  lot  that  has  been  used 
for  all  these  special  nitrification  experiments,  beginning  in  June, 
1894.  Upon  applying  station  sewage  to  each  of  these  filters  at  a 
rate  of  120,000  gallons  per  acre  daily  for  six  days  in  a  week,  and 
when  the  average  temperature  of  the  efiiuent  was  58°  F.,  it  was  found 
that  well-marked  nitrification  appeared  in  No.  Y.  after  three  days ; 
in  No.  YI.  after  eighteen  days  at  60®  F. ;  and  in  No.  YII.  after 
twenty-three  days  at  60**  F. 

These  experiments,  confirmed  by  additional  ones,  show :  — 

1.  That  a  small  portion  of  material  containing  nitrifying  organ- 
isms in  an  active  state,  when  mixed  with  new  sand  in  a  filter,  enables 
nitrification  to  become  well  established  in  three  days,  even  at  the 
•comparatively  low  temperature  of  58  **  F. 

2.  That  long  exposure  to  the  cold  of  material  known  to  be  rich 
in  nitrifying  organisms  during  warm  weather  reduces  the  activity 

of  these  organisms  practically  to  zero,  and  that  such  material  upon 
mixture  with  new  sand  is  of  little  aid  in  hastening  nitrification. 
The  results  of  analyses  are  as  follows  :  — 


Table  showing  BesulU  of  Analyses  of  Effluents  of  Special  Fillers  Nos,  K.,  VL 

and  VIL 

[ParU  per  100,000.] 


FlLTXB  No.   V. 

FiLTKR  No.  VI. 

riLTEB  No.  VII. 

Date  — 
IMO. 

AXMOHIA. 

VITROOBV  AS 

AMMONIA. 

MinOOKH  At 

AMMONIA.         1 

MITHOOEM  At 

i 

• 

2 

• 

s 
I 

s 

S 

Em 

1 

1 

9i 

1 

.1 

1 

• 

1 

Feb.  20,     . 
Mar.   1.     . 

"     «,     . 

•«    13,     . 

"    18.     . 

Apr.  4,     . 

.4100 
.3500 
.1600 
.1500 
.0700 

•  .0100 

•  .0100 

.0680 
.0000 
.0800 
.0300 
.0300 
.0280 
.0800 

2.18 
3.00 
2.d3 
2.88 
2.84 
8.08 
4.45 

.0410 
.0500 
.0160 
.0200 
.0*200 
.0120 
.0000 

.5000 

.3500 
.0500 
1.3000 
1.T500 
.0200 
.0200 

.0700 
.0800 
.0000 
.0000 
.0700 
.0260 
.0280 

.14 

.10 

.12 

.08 

3.40 

2.20 

8.51 

.0200 

.OlM) 

.0320 

.2000 

.0200  ! 

.0180 

.0140  . 

.6600 

.0500 

.8500 

1.5000 

1.0000 

1.3800 

.8000 

.0000 

.0700 

.0800 

.0000 

.1500 

.0800  , 

.0720 

.14 
.04 
.04 
.04 
.20 
3.27 
5.00 

.0300 
.0160 
.0100 
.0650 
.1550 
.2500 
.2500 
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Nitrification  not  Seriously  interrupted  by  Washing  Filtering 

Materials. 

Instructive  experiments  have  been  made,  showing  that  well-nitri- 
fied effluents  from  filters  of  either  coarse  or  fine  material,  when 
mixed  with  ciiide  sewage,  have  little  influence  in  hastening  nitrifi- 
cation. All  results  go  to  show  that  thorough  purification  by  filtra- 
tion requires  the  nitrifying  organisms  in  an  active  state  to  be  attached 
to  the  grains  of  filtering  material. 

In  this  connection  it  is  interesting  to  call  attention  to  the  fact 
that  washing  the  sand  and  gravel  does  not  seem  to  remove  these 
organisms  so  as  to  seriously  interrupt  the  process  of  nitrifica- 
tion. 

The  chief  features  of  our  present  knowledge  upon  nitrification 
have  been  pointed  out  sufficiently  in  the  present  section ;  but  it 
will  be  found  that  some  of  the  more  practical  points  are  discussed 
at  greater  length  in  subsequent  sections,  upon  resting  sewage  filters, 
page  492,  and  upon  the  efiect  of  winter  weather  upon  the  purifica- 
tion of  sewage  by  intermittent  filtration,  page  513. 


Average  Purification  of  Sewage  by  the  Several  Filters 

IN  1894. 

In  the  following  table  are  given  the  average  results,  showing  the 
qualitative  and  quantitative  efficiency  of  the  several  filters  to  which 
ordinary  sewage  has  been  applied.  The  removal  of  organic  matter 
is  indicated  both  by  albuminoid  ammonia  and  by  oxygen  con- 
sumed. 

As  a  matter  of  convenience,  some  of  the  more  important  statistics 
concerning  the  construction  and  history  of  the  filters  are  also  pre- 
sented. Outlines  of  the  operation  and  results  of  analyses  for  the 
year  1894  will  be  found  on  pages  542-572.  A  discussion  of  some  of 
the  more  important  features  of  the  results  are  given  in  the  follow- 
ing sections.  A  summary  of  the  results  upon  the  remaining  sewage 
filters  during  the  past  year  appears  in  the  section  upon  *' Rapid  fil- 
tration of  sewage  from  which  sludge  has  been  removed  by  different 
methods,"  pages  536-541.  The  average  purification  of  sewage  by 
the  several  out-door  filters,  1888  to  1894,  inclusive,  is  shown  by 
years,  and  is  discussed  on  pages  497-531. 
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Aver<ige  Per  Cent,  of  AUntminoid  Ammonia,  Oxygen  contumed  and  of  Bacteria, 
removed  from  Sewage  by  Che  Several  Filters,  with  Average  Bales  of  Filtration, 
1894. 


DlMBiraXOVB  OF  FiLTSBfl. 

AIZR  ov 

SAND. 

Uni- 
formity 
Coeffl- 
dent. 

Manner 
of 

Filling. 
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ainoe— 

Average 
Rate 
of  Fil- 
tration. 

Qalions 
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Dally, 

Six  Days 

In  a 

Week. 

AVKBAOI  FBR  CBMT. 

Rkm  ovED  or  — 

ov 

FXLTBB.* 

Depth 

of 
tend.  , 

Inchta. 

Mean 

Diam- 
eter. 

Inebea. 

Area  In 
Fractloni 

of 
an  Acre. 

Effective 

SIselnMil- 

llmetere, 

10  per  Cent 

Finer 

than— 

i 

«  e 

< 

• 

! 

O 

1 

t 

a 

1.          . 

88 

300 

1 

.48 

9.4 

Wet. 

Jaa.  10, 1888. 

76,000 

91 

» 

94 

2.        . 

60 

soo 

7^7 

.08 

9.0 

Wet. 

Dee.  10, 1887. 

48,900 

97 

96 

99.96 

4.        . 

60 

aoo 

7^9 

.04 

9.7 

Wet 

Deo.  10, 1887. 

90,100 

96 

09 

99.99 

&A,    . 

68 

900 

liv 

1.40 

9.4 

Dry. 

8ept.l4,1801. 

90,600 

88 

86 

99 

«.       . 

44 

MO 

iH 

.86 

7.8 

Wet. 

Jbd.  19, 1888. 

64,800 

94 

89 

99.2 

T,        . 

44 

300 

9^9 

.86 

7.8 

Wet. 

Jan.  14, 1888. 

18,800 

98.6 

97 

99.99 

9A,    . 

flO 

900 

jiv 

.17 

9.0 

Dry. 

Nov.  18, 1890. 

74,600 

94 

92 

99.0 

10.       . 

60 

900 

9^6 

.86 

7.8 

Dry. 

July  18, 1804. 

40,900 

97 

96 

99.8 

11  A,    . 

00 

90 

9Vtioo 

.36 

7.8 

Dry. 

Mar.  80, 1809. 

69,800 

88 

84 

98 

MB,    . 

65 

90 

9TF»JtF6 

6.10 

9.0 

Dry. 

July  96, 1809. 

473,000 

66 

63 

78 

16  B,    . 

66 

90 

iviivv 

1      6.10 

9.0 

Dry. 

Jnly96,1809. 

468,800 

79 

70 

89 

17  A,    . 

60 

90 

VV'iffO 

.17 

9.0 

Wet. 

Jm.  98, 1800. 

69,700 

97 

94 

90.99 

21  A,    . 

60 

90 

3V«ivT 

1.40 

9.4 

Dry. 

Mar.  19, 1894. 

467,000 

89 

87 

96 

S8A,    . 

60 

90 

991^77 

- 

- 

Dry. 

Mar.  19, 1894. 

960,800 

96 

79 

98 

80, 

80 

17 

TT»TVU 

.48 

9.4 

Dry. 

May  81, 1890. 

66,600 

98 

91 

98 

81,        . 

80 

IT 

Vfiiz^ 

.17 

9.0 

Dry. 

May  81, 1890. 

61,800 

91 

89 

98.8 

•  Noe.  1-10  are  plaeed  oat  of  doors;  the  othert  are  placed  wttbln  the  balldlnga. 

The  qualitative  results  obtained  from  the  older  filters  are  some- 
what better,  on  the  whole,  than  those  obtained  in  1893.  This  is 
particularly  the  case  with  the  larger  filters  placed  out  of  doors 
(Nos.  1  to  9  A) ;  the  rates  of  filtration,  however,  have  been  re- 
duced in  several  cases,  instead  of  removing  and  replacing  the  surface 
layers,  as  is  stated  under  the  *^  management  of  filters. ''  The  new 
filters,  Nos.  21 A  and  22  A,  have  given  results  which  are  among  the 
most  satisfactory  yet  obtained  at  the  station.  An  outline  of  these 
experiments  will  be  found  beyond. 

Bacterial  Purification, 

Considerable  attention  has  been  given  to  the  species  of  bacteria 
found  in  the  effluents  of  Filters  Nos.  2  and  4.  Under  normal  con- 
ditions the  bacteria  (0  to  50  per  cubic  centimeter,  as  compared  with 
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500,000  to  3,000,000  in  sewage)  have  been  found  to  be  chiefly 
B,  Jluorescens  lique/aciens^  B.  proteusj  B.  candicans^  B.  circulans 
and  B.  subtilis,  none  of  which,  so  far  as  is  known,  is  in  any  way 
injurious  to  health.  These  species,  moreover,  are  not  the  prevail- 
ing ones  in  the  applied  sewage.  When  there  is  clogging  in  the 
upper  layers  and  nitrification  is  impaired,  the  number  of  bacteria 
in  the  effluents  usually  increases.  It  appears  from  the  study  of 
the  bacteria  in  the  effluents  that  they  arise  from  the  growth  of  a 
very  few  hardy  species  in  the  filters,  and  that  they  do  not  pass 
through  from  top  to  bottom.  With  the  experimental  filters  of 
coarser  material  there  has  been  found  to  be  a  more  or  less  direct 
connection  between  the  bacterial  flora  of  the  effluents  and  that  of  the 
sewage ;  as  is  the  case  with  the  finer  filters,  the  bacterial  purification 
is  greatest  when  the  conditions  for  nitrification  and  other  processes 
are  most  favorable. 

Permanency  of  Sewage  Filters. 

The  permanency  of  sewage  filters  is  regarded  as  the  ability  of  the 
main  body  of  material  below  the  upper  six  inches  to  purify  sewage, 
under  proper  conditions  of  filtration,  for  an  indefinite  time.  The 
sludge,  fats  and  other  organic  matters  in  sewage  are  deposited  in 
the  upper  layers  of  the  filter,  and  this  portion  requires  especial 
attention  from  time  to  time  to  secure  continuous  efficiency,  as  is 
noted  in  the  next  chapter,  under  <<  management  of  filters.**  In  the 
annual  report  of  the  Board  for  1893  it  was  shown  that  the  average 
storage  of  nitrogen  in  the  filters  was  no  greater  at  the  end  than  at 
the  beginning  of  the  year.  In  the  present  report  the  evidence  upon 
the  storage  and  removal  of  organisms  with  regard  to  the  permanency 
of  filters  is  presented  along  two  lines :  first,  the  consideration  of 
nitrogenous  matters ;  and,  second,  that  of  fats. 

Storage  and  Removal  of  Nitrogenous  Matters  in  Sewage  Filters. 

It  was  stated  in  the  last  report  that  it  was  very  difficult  to  obtain 
satisfactory  estimates  of  the  amount  of  nitrogen  stored  in  the  filters 
from  the  determination  of  the  material  itself,  owing  to  the  disturb- 
ances, causing  unequal  distribution,  which  had  been  made  of  the 
upper  layers  where  the  storage  is  greatest.  This  difficulty  was 
largely  overcome  by  getting,  as  an  approximate  estimate  of  the 
stored  nitrogen,  the  difference  between  the  nitrogen  of  the  applied 
sewage  and  that  of  the  effluent  balance.     By  this  method  it  is  neces- 
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sary  to  use  several  somewhat  arbitrary  factors  in  the  calculation ; 
and,  with  a  view  to  obtaining  greater  accuracy,  this  subject  has 
received  increased  attention  during  the  past  year. 

One  of  these  factors  is  used  in  calculating  the  organic  nitrogen 
from  the  albuminoid  ammonia  determination.  Throughout  these 
investigations  the  organic  nitrogen  has  been  taken  as  fourteen-seven- 
teenths  of  the  albuminoid  ammonia  doubled.  This  factor  of  50  per 
cent,  for  the  albuminoid  ammonia  is  based  on  the  comparison  of 
numerous  results  obtained  in  1888  to  1890  by  the  Wanklyn  albu- 
minoid ammonia,  and  the  Kjeldahl  organic  nitrogen,  methods,  from 
various  substances. 

The  station  sewage  of  the  past  year  has  been  found  to  be  some- 
what different  in  composition  from  that  of  five  years  ago,  and  from 
the  data  at  hand  it  appears  that  the  factor  for  albuminoid  ammonia 
is  rather  variable,  but  averages  at  present  about  40  per  cent.  On 
page  460  this  subject  has  received  some  discussion,  and  it  will  be 
remembered  that  it  was  stated  that  many  of  the  earlier  analyses 
were  made  in  the  Boston  laboratory  before  the  Lawrence  laboratory 
was  established,  and  the  increased  delay  allowing  further  decomposi- 
tion is  undoubtedly  a  prominent  point  to  be  taken  into  consideration. 

The  other  important  factor  of  an  arbitrary  nature  is  that  used  to 
express  the  loss  of  nitrogen  during  the  process  of  nitrification. 
From  accurate  determinations  of  nitrogen  in  the  applied  sewage,  in 
the  effluents  and  in  the  materials  themselves  made  during  the  earlier 
years  when  the  upper  layers  of  the  filters  had  not  been  disturbed,  it 
was  learned  that  this  factor  ordinarily  ranged  from  25  to  35  per 
cent.,  and  averaged  about  30  per  cent.  At  the  present  time  the 
conditions  influencing  this  loss  of  nitrogen  are  not  clearly  under- 
stood, although  it  is  known  that  nitrification  causes  the  escape  into 
the  atmosphere  of  nitrogen  gas.  The  data  at  hand  still  go  to  show 
that  this  factor  is  variable,  but  indicate  that  30  per  cent,  is  a  little 
too  high. 

Considering  these  factors  together,  it  appears  that  both  are  rather 
variable,  that  one  is  too  low,  the  other  too  high,  and  that  the  errors 
to  a  large  extent  offset  each  other.  In  short  periods  the  results 
obtained  by  this  method  of  calculation  may,  perhaps,  in  a  few  cases 
be  a  little  misleading,  but  from  long  periods  there  are  strong 
grounds  for  believing  that  they  yield  a  reasonable  approximation  to 
the  truth. 

In  the  table  below  are  presented  results  upon  the  storage  of  nitro- 
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gen  in  the  several  sewage  filters  during  the  year  1894.  The  method 
of  calculation  is  the  same  as  that  used  for  the  1893  results ;  that  is, 
estimates  of  the  storage  or  removal,  taken  as  the  difference  between 
the  nitrogen  in  the  plain  sewage  and  that  appearing  in  the  efluent 
including  30  per  cent.  loss.  Bearing  in  mind  the  above  comments 
upon  this  method  of  calculation,  it  will  be  seen  that  the  results  con- 
firm, generally,  the  conclusions  drawn  in  the  preceding  reports.  A 
summary  of  our  present  knowledge  upon  this  subject  is  deferred 
until  the  data  of  the  storage  of  nitrogen  and  of  fats  in  the  filtering 
materials  themselves  have  been  presented. 


Per  Cent,  oj  Applied  Nitrogen  thai  was  stored  in  (he  Several  Filters,  1894* 
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*  See  page  488. 


Filters  Nos.  1,  5  A,  6  and  9  A,  which  are  placed  out  of  doors, 
each  contained  less  stored  organic  matter  in  December  than  in  Janu- 
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ary.  This  is  confirmed  by  the  results  of  analyses  of  the  filtering 
materials  themselves.  Numerous  determinations  of  the  nitrogen  in 
the  sands  from  the  different  filters  have  been  made,  and,  while  it  has 
been  found  that  the  results  were  quite  variable  in  those  cases  in 
which  the  upper  layers  of  the  filter  have  been  recently  disturbed, 
yet  series  of  results  show  a  reasonably  close  agreement  in  those 
instances  where  there  has  been  no  disturbance  of  the  surface  layers 
below  the  upper  inch  for  a  period  of  six  months  or  more. 

In  the  next  table  are  presented  the  results,  showing  the  amount 
of  nitrogenous  matter  stored  in  Filter  No.  1  in  October,  1894,  com- 
pared with  that  present  in  the  filter  in  December,  1893,  and  in 
March,  1895.  From  this  table  it  is  apparent  that  the  greater  part 
of  the  organic  matter  is  present  in  the  upper  foot  of  the  filtering 
material,  &b  is  also  true  in  the  case  of  the  fats.  Nevertheless,  the 
storage  of  nitrogen  in  the  material  below  the  upper  foot  is  a  fairly 
good  index  to  the  permanency  of  the  filters. 

In  the  case  of  Filters  Nos.  1  and  9  A  there  are  presented  in  the 
table  below  the  amounts  of  nitrogenous  organic  matter  stored  in 
the  lower  four  feet  at  different  times  during  the  period  of  their 
operation.  These  results  confirm  those  presented  in  the  table  on 
page  488,  and  show  clearly  that  there  has  been  very  little  or  no 
increase  during  the  past  year  in  the  amount  of  stored  nitrogenous 
organic  matter  in  these  filters. 


Table  showing  the  Amount  of  NUrogen  stored  in  the  Sand  of  Filter  No.  1  at  Differ- 
ent Depths^  cakuMed  from  Albuminoid  Ammonia  Determinations  and  Deduct- 
ing the  0.83  Part  of  NUrogen  contained  in  the  Original  Sand. 

[FmrtB  p«r  100,000  by  weight  of  dry  Mod.] 


DUTARCK  BKLOW  SOtFAOK. 
(IMOHU.) 


December, 
1S»S. 


October, 
1S94. 


March, 
1S»5. 


1. 
8. 
«, 
9, 
12. 

18. 
24, 
86, 


142.8 
74.0 
45.0 
80.2 
84.0 
84.1 
16.0 
10.2 
6.2 
4.0 


208.4 

20.6 

11.6 

18.0 

16.0 

18.8 

11.8 

4.0 

2.6 

1.8 


188.0 

74.3 

80.7 

16.2 

16.0 

14.0 

16.2 

6.7 

8.0 

2.0 
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Table  showing  the  Amount  of  Nitrogen  stored  on  Different  Dates  in  the  Lower  Four 
Feet  of  Material  in  Filters  Nos.  1  and  9  A,  in  Pounds. 


Filter  No.  1. 

FILTKR  No.  9  A. 

Date. 

1 

Nitrogen. 

Date. 

Nitrogen. 

Date. 

Mar.,  1891,      . 
Jane,  1891, 
NoY.,  1891,      . 
Jan.,  1804,       . 
Not.,  1894.      . 

Nitrogen. 

Dec.,  1888, 
Feb.,  1889, 
Jane,  1889, 
Nov.,  1889, 
Apr.,  1890, 
Jane,  1800, 
Nov.,  1890, 

2.50 
2.24 
1.80 
1.60 
1.80 
1.40 
1.80 

Mar.,  1891, 
Jane,  1891, 
Nov.,  1891, 
Jane,  1892, 
Dec,  1892, 
May,  1898, 
Oot.,  1894, 

8.90 
8.60 
4.90 
0.S7 
11.60 
10.40 
6.44 

1.27 
.89 
1.60 
4.72 
6.00 

The  Storage  and  Removal  of  Fats  from  Filters, 

Repeated  analyses  have  been  made  of  the  amount  of  fat  stored  in 
Filters  Nos.  1,  6  and  9  A.  In  all  cases  during  the  latter  part  of 
1894  the  amount  of  fat  as  determined  by  extraction  with  ether  has 
been  found  to  be  considerably  less  than  the  amount  found  in  earlier 
years.  As  was  pointed  out  in  the  1892  report,  however,  there  is  a 
possibility  that  these  matters  may  have  passed  into  some  compound 
insoluble  in  ether,  and  therebj'^  escaped  the  regular  method  of  deter- 
mination. The  results  show  a  decrease  in  the  amount  of  fats,  oot 
only  in  the  surface  layers,  but  in  the  lower  portions  of  the  filters. 
The  results  of  these  determinations  are  summarized  as  follows :  — 

Filtei'  No.  1.  —  October,  1894,  contained  4  pounds. 

Filter  No.  6.  —  March,  1892,  contained  14  pounds,  of  which  3.65 
pounds  were  removed  by  scraping.  September,  1893,  removed  by 
scraping  2.75  pounds.     October,  1894,  contained  2  pounds. 

Filter  No.  9  A.  —  January,  1894,  contained  14  pounds.  Novem- 
ber, 1894,  contained  11.7  pounds. 

These  various  results  confirm  conclusions  of  earlier  reports,  the  two 
most  important  of  which  are  as  follows  :  — 

1.  With  the  same  main  body  of  sand,  sewage  filters  may  continue 
to  purify  sewage  for  an  indefinite  time,  provided  they  receive  proper 
treatment  to  insure  sufficient  ventilation  for  the  oxidization  and 
nitrification  of  the  applied  organic  matters. 

2*  That  the  permanency  of  eewage  filters  is  independent  of  the 
size  of  the  filtering  material,  and  is  directly  dependent  upon  the 
treatment  which  they  receive. 
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Management  of  Filters  to  secure  their  Continuous 

EmOIBNOY. 

Since  the  treatment  which  the  filters  receive  is  the  noiost  impor- 
tant consideration  in  regard  to  their  permanency,  the  lessons  learned 
of  the  different  methods  of  management  to  secure  their  continuous 
efficiency  are  among  the  most  practical  and  important  results  ob- 
tained from  investigations  upon  sewage  purification.  This  subject 
has  received  especial  attention  during  the  past  two  years.  An  out- 
line of  our  present  knowledge  is  as  follows  :  — 


Raking, 

The  accumulation  of  organic  matters  at  and  near  the  surface  of 
the  sewage  filters  will,  after  a  time,  produce  serious  clogging  and 
detei-ioration  of  the  qualitative  efficiency,  unless  some  preventive 
measures  are  adopted.  For  more  than  four  years  it  has  been  the 
practice  to  rake  the  surface  to  a  depth  of  about  one  inch  once  a 
week ;  that  is,  after  six  days  of  daily  application  of  sewage.  With 
sewage  of  the  quality  of  that  obtained  at  the  station  this  systematic 
raking  of  the  surface  has  proved  very  satisfactory,  and  has  been 
found  to  be  superior  to  other  methods  of  regular  treatment.  Similar 
results  can  be  obtained  on  a  large  scale  by  harrowing.  When  sew- 
age is  applied  to  filters  in  large  quantities,  it  is  necessary  to  supple- 
ment this  method  of  preventing  surface  clogging  with  some  occasional 
further  treatment  to  improve  the  condition  of  the  layers  below  that 
reached  by  ittking.  Such  treatment  is  ordinarily  best  afforded  by 
deeper  spading,  corresponding  to  ploughing,  as  is  described  beyond. 


Scraping, 

Under  the  conditions  which  exist  at  the  station,  the  removal,  by 
scraping,  of  thin  layers  of  material  from  the  surface  from  time  to 
time  has  not  been  found  advisable,  and  the  method  has  been  largely 
abandoned.  The  chief  objection  to  the  method  is  that  it  is  too  ex- 
pensive for  the  benefit  that  is  derived  from  it.  After  a  time  the 
upper  portion  of  a  filter  which  has  been  systematically  scraped  be- 
comes so  compact  that  it  is  necessary  to  resort  to  practically  the 
same  treatment  as  is  the  case  when  the  cheaper  method  of  system- 
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atic  raking  has  been  followed.  Owing  to  the  state  of  decomposition 
and  to  other  conditions  of  the  sewage  pumped  at  the  station,  the 
sludge  is  in  more  finely  divided  particles  than  in  some  of  the  fresher 
sewages,  such  as  are  found  in  several  of  the  sewage-disposal  establish- 
ments in  the  State.  With  the  latter  sewages  the  sludge  is  deposited 
to  a  greater  extent  upon  the  surface,  and  penetrates  into  the  pores  of 
the  material  to  a  less  extent  than  at  Lawrence.  Under  these  con- 
ditions it  is  certainly  advisable  to  scrape  off  the  surface  scum  of 
accumulated  sludge,  rather  than  to  rake  it  into  the  filter.  Scraping 
is  also  a  useful  method  of  treatment  in  those  cases  where  filters  are 
clogged  to  the  depth  of  several  inches  below  the  surface,  and  where 
it  is  necessary  to  rejuvenate  the  filters  as  quickly  as  possible.  These 
conditions  are  likely  to  occur  when  the  area  of  the  filtering  surface 
is  very  limited,  and  particularly  under  conditions  where  full  benefit 
cannot  be  derived  from  ploughing  or  resting. 


Ploughing. 

Whether  the  method  of  systematic  treatment  for  the  removal  of 
surface  clogging  is  raking  or  scraping,  it  has  been  found  that  the 
process  of  filtration  is  materially  aided  by  occasional  deep  spading, 
corresponding  to  ploughing.  Many  of  the  experimental  filters  dur- 
ing the  past  year  have  been  spaded  over  in  this  manner  in  the  early 
spring  (April  1)  and  again  in  the  fall.  At  all  seasons  of  the  year 
this  treatment  has  the  advantage  of  rendering  the  filters  more  porous, 
thereby  increasing  ventilation  and  facilitating  the  process  of  oxida- 
tion. It  may  be  noted  here,  however,  that  in  the  case  of  Filter  No. 
5  A,  filled  with  a  sifted  gravel  and  completely  under-drained,  plough- 
ing causes  the  sewage  to  pass  through  so  quickly  that  full  benefit  is 
not  derived  from  the  filtration.  During  the  period  of  most  active 
nitrification  (April  to  October)  it  is  of  much  assistance  in  causing 
the  removal  of  fats  and  other  organic  matters  from  the  upper  layers 
of  the  filtering  material. 

Resting. 

In  the  annual  report  of  the  Board  for  1893  it  was  shown  that  the 
clogging  in  the  surface  layers  of  the  filter  may  be  materially  reduced 
by  resting.  This  method  has  been  tried  upon  several  of  the  filters 
during  the  past  year.     The  results  may  be  summarized  as  follows : 
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1.  The  organic  matter  stored  in  the  upper  layers  of  the  filters  may 
be  largely  removed  by  resting  them  daring  the  warmer  months 
of  the  year. 

2.  The  removal  is  much  hastened  by  ploughing  the  surface  of  the 
filters ;  in  fact,  when  the  clogging  is  so  great  as  to  cause  the 
material  to  hold  itself  nearly  saturated,  resting  alone  is  of  little 
aid. 

3.  Besting  during  the  winter  months  effects  practically  no  re- 
moval of  the  organic  matter,  although  it  prevents,  of  coarse,  a  fur- 
ther increase. 

4.  The  period  of  resting  should  not  be  too  long,  particularly  dur- 
ing the  winter  months,  when  the  nitrifying  organisms  are  less  active, 
because  there  is  danger  of  these  organisms  dying  out,  thereby 
necessitating  a  period  of  *<  biological  reconstruction,''  in  which  the 
processes  may  become  re-established.  This  appears  to  have  been 
the  case  with  Filters  Nos.  1,  6  and  9  A,  which  were  rested  during 
the  month  of  November. 


Cropping. 

The  removal  of  stored  organic  matter  from  the  upper  layers  of 
filters  by  means  of  growing  crops  has  not  received,  as  yet,  any 
especial  investigation  at  the  station,  but  the  following  observation 
is  of  interest  in  this  connection  :  — 

In  June  wild  grass,  chiefly  Panicum  dichotomum^  appeared  upon 
the  surface  of  Filter  No.  2,  and  grew  very  luxuriantly  during  the 
middle  of  the  summer.  The  greater  part  of  the  growth  was  at  and 
near  the  edges  of  the  trenches,  where  it  was  very  thick.  The  grass 
was  cut  on  August  15.  At  the  existing  rate  of  filtration  it  took  the 
sewage  nearly  two  weeks  to  pass  through  the  filter  of  fine  sand. 
Bearing  this  in  mind,  and  comparing  the  results  of  analyses  of  the 
effluent  in  the  table  beyond,  it  will  be  seen  that  for  about  two  months 
in  midsummer,  when  the  grass  was  growing  on  the  surface,  the 
nitrates  in  the  effluent  gradually  decreased,  and  upon  cutting  the 
grass  they  quickly  increased.  As  there  was  no  clogging  or  other 
complication  so  far  as  is  known,  it  appears  that  the  equivalent  of 
about  half  the  amount  in  the  applied  sewage  was  utilized  for  a  time 
by  the  growing  plants. 
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Table  showing  Results  of  Analyses  of  Effluent  of  Filler  No.  2  before  and  after 

cutting  the  Chrowth  of  Orass, 
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Application  of  Sewage  to  Trenches.  —  Lateral  Filtration, 

Filter  27b.  2.  —  This  filter,  of  very  fine  sand,  has  received  sewage 
in  trenches  filled  with  coarse  sand,  as  described  in  the  report  for 
1893.  The  trenches  were  relieved  from  clogging  at  the  bottom  and 
sides  on  Dec.  2,  1893,  and  since  that  time  the  filter  has  given  an 
effluent  which  regularly  improved  in  quality  during  the  winter,  and 
which  has  been  very  satisfactory  during  the  last  half  of  the  year. 
Clogging  appeared  at  the  end  of  November,  1894,  at  the  same  place 
as  in  the  preceding  year,  and  the  filter  was  treated  in  a  similar  way 
in  December,  1894.  No  material  has  been  removed  from  the  filter, 
which  was  spaded  over,  corresponding  to  ploughing,  four  inches 
deep  on  March  31.  The  average  results  for  the  year  indicate  a 
removal  of  97  per  cent,  of  organic  matter  (albuminoid  ammonia) 
and  99.95  per  cent,  of  bacteria  from  the  applied  sewage.  The 
average  rate  of  filtration  has  been  43,900  gallons  per  acre  daily  for 
six  days  in  the  week,  calculated  for  the  entire  area.  For  the  area 
of  the  trenches  alone  this  rate  is  equivalent  to  166,000  gallons. 

Filter  No.  4.  —  This  filter,  of  very  fine  river  silt,  has  received 
sewage  in  trenches  of  coarse  sand,  described  in  preceding  reports. 
The  trenches  were  raked  at  the  sides  and  bottom  on  July  18.  The 
average  rate  of  filtration  for  the  entire  area  has  been  20,100  gallons 
per  acre  daily  for  six  days  in  the  week  in  1894,  and  the  removal  of 
organic  matter  (albuminoid  ammonia)  and  of  bacteria   has   been. 
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respectively,  95  and  99.99  per  cent.  This  filter  has  contained  more 
and  more  stored  organic  matter  each  year,  and  it  may  be  safely 
stated  that  it  would  be  practically  useless  as  a  filter  were  it  not  for 
the  trenches.  The  subject  of  the  application  of  sewage  to  filters  of 
fine  material,  by  means  of  trenches  of  coarser  sand,  has  received 
special  attention  for  more  than  six  years. 

The  results,  on  the  whole,  show  that  this  method  of  treatment 
has  much  merit,  and  our  present  knowledge  concerning  it  may  be 
summarized  as  follows :  — 

1.  Both  the  qualitative  and  quantitative  efficiency  of  filters  of 
fine  material  are  aided  materially  by  the  application  of  sewage  to 
trenches  filled  with  coarse  sand. 

2.  Ventilation  of  the  main  body  of  the  filtering  material  is  in- 
creased by  the  absence  of  sewage  from  the  surface  of  the  fine 
material. 

3.  The  application  of  the  sewage  to  the  trenches  of  coarse  sand 
offers  the  following  advantages :  — 

(a)    Less  likelihood  of  the  receiving  surface  becoming  frozen. 

(ft)    The  more  ready  removal  of  frost  if  such  occurs. 

(c)  Concentration  of  heat  in  the  trenches,  whereby  the  biological 
processes  are  aided  during  the  winter  months. 

This  latter  point  is  brought  out  more  clearly  by  the  following 
table  of  results  from  Filter  No.  2,  which  has  just  been  described. 
It  may  be  added  here  that  these  results  are  the  most  marked  ex- 
ample of  high  nitrification  and  steady  improvement  in  quality  of 
effluent  during  the  winter  months  which  have  been  obtained  at  the 
station. 


Table  showing  MorUhly  Averages  of  AncUyses  of  Effluent  of  Filter  No,  2  during 

Winter  of  1893-94. 
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4.  The  removal  of  organic  matter  by  growing  vegetation  upon 
the  finer  material  between  the  trenches  and  where  no  sewage  is 
applied  is  a  subject  worthy  of  careful  consideration. 

5.  The  trenches  dispose  of  the  sewage  much  more  readily  than 
might  be  expected,  owing  to  the  fact  that  the  available  area  for 
filtration  includes  not  only  the  bottom  but  also  the  sides  of  the 
trenches. 

Filter  UTo.  10.  —  This  large  tank,  ^^^  of  an  acre  in  area,  was 
filled  in  July  with  5  feet  in  depth  of  coarse  and  fine  sand  like  that  in 
Filter  No.  6,  and  having  an  efi^ective  size  of  0.35  millimeter.  No 
coarse  material  for  under-drains  was  placed  beneath  the  sand  except 
directly  above  the  outlet.  A  partition  extending  3  feet  below  the 
surface  was  placed  in  the  sand,  separating  that  quarter  of  the  sui-face 
which  was  farthest  removed  from  the  under-drain.  To  this  quarter 
of  the  surface  sewage  has  been  applied,  beginning  July  18,  at  the 
rate  of  160,000  gallons  per  acre  daily  for  six  days  in  the  week. 
The  partition  causes  the  sewage  to  pass  downward  for  3  feet,  and 
then  it  has  a  lateral  movement  through  a  distance  of  12  to  16  feet. 
This  experiment  has  not  been  continued  long  enough  to  warrant  any 
marked  conclusions,  but  the  results  so  far  as  they  go  are  very  satis- 
factory. The  removal  of  organic  matter  (albuminoid  ammonia)  and 
of  bacteria  from  the  applied  sewage  has  been  97  per  cent,  and  99.3 
per  cent.,  respectively. 

The  favorable  effect  of  lateral  filtration  in  trenches,  and  the  high 
degree  of  purification  of  the  sewage  at  Framingham  after  flowing  a 
long  distance  through  the  ground  to  springs  in  the  meadow,  indicate 
that  this  lateral  filtration  is  an  important  feature  of  sewage  purifica- 
tion upon  a  large  scale.  This  subject  has  recently  received  especial 
attention  at  the  station. 

In  connection  with  the  subject  of  management  of  filters,  see  the 
subsequent  chapters  on  the  effect  of  winter  weather  (page  513)  and 
comparison  of  conditions  of  experimental  filtration  with  those  in 
actual  practice  (page  532). 
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Summary  of  Seven  Years'  Results  from  Intermittent  Out- 
door Sewage  Filters,  to  show  the  Average  Quantitative 
AND  Qualitative  Efficienct  of  Experimental  Filtration. 

The  summary  includes  the  results  from  those  out-door  filters  which 
have  continued  in  operation  during  the  past  year.  Some  of  the 
early  filters,  the  results  of  which  do  not  appear,  were  for  the  most 
part  constructed  of  loam,  peat  or  such  materials  as  were  found  to 
be  useless  for  filtering  purposes.  To  bring  out  the  work  of  the 
filters  more  clearly,  the  yearly  averages  of  the  analyses  of  the 
several  ef9uents  and  rates  of  filtration  are  presented,  together  with 
an  outline  of  the  most  important  features  in  the  operation  of  each 
filter.  Beyond  this  is  a  table  summarizing  the  results  of  the  work 
of  these  experimental  filters  from  the  beginning  of  the  investigations 
up  to  Jan.  1,  1895,  as  well  as  a  brief  review  of  the  general  condi- 
tion which  existed  during  the  entire  period. 

Filter  No.  1. 

This  filter  was  constructed  of  63  inches  in  depth  of  sand  of  the  efifective 
size  of  0.48  millimeter. 

1SS8.  —  Jan.      10.  Sewage  first  applied. 

Feb.     17.  Trench  18  inches  wide  and  12  inches  from  the  edge  of  the  tank 

cut  throagh  the  ice,  and  reaching  into  the  sand  2  inches. 

Not.      1.  Tufts  of  grass  pulled  up,  and  one-half  of  the  sarface  levelled. 

Nov.    22.  Surface  of  the  filter  covered  with  canvas.* 

1S89.  ■—  March  13.  Canvas  cover  removed. 

Jane    29.  Grass  cut. 

Aug.      6.  Grass  again  cut. 

Kov.    26.  Grass  and  weeds  pulled  up. 

Nov.     27.  Sarface  spaded  over  4  inches  in  depth. 

Nov     27.  Sarface  was  covered  with  canvas. 

1890.  —  April     8.  Canvas  cover  removed. 

April  8.  Sarface  raked  1  inch  in  depth. 
April  18.  Surface  raked  1  inch  in  depth. 
June     12.    Sarface  raked  1  inch  in  depth. 

June    29.    Beginning  at  this  time,  surface  raked  to  a  depth  of  1  inch 

once  a  week. 

1891.  —  June    30.    Sarface  made  into  ridges  and  trenches;   trenches  raked  1 

inch  deep  weekly. 

Oct.      13.    Position  of  ridges  and  trenches  changed. 

Oct.  31  to  June  2, 1892.  Surface  of  trenches  was  scraped  and  the  mate- 
rial removed  placed  upon  the  ridges  eleven  times,  total 
depth  of  8  inches. 

*  The  canyu  oovers  were  in  all  easee  etretched  on  a  wooden  frMnework  eo  as  to  allow  room  beneath 
the  eaavae  for  the  dletribaUon  of  lewage  and  treatment  of  rarfaoe  of  the  fllten. 


498 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


1892.  —  June 

2. 

Oct. 

18. 

1893.       May 

6. 

May 

11. 

Dec.       2. 

1894.  — March  31. 
Oct.  13  to 
Nov.  5  to 
Nov.  5. 
Nov.     17. 


FiUer  No.  1  —  Concluded. 

Five  inches  of  sand  removed  from  the  surface ;  surface  levelled. 

Surface  raked  to  a  depth  of  2  inches. 

Four  inches  of  sand  scraped  from  the  surface. 

Nine  inches  of  new  sand  put  on  to  bring  up  the  filter  to  its 
original  height. 

Six  inches  of  sand  taken  off,  next  6  inches  spaded  over,  and  the 
upper  6  inches  replaced  and  mixed  with  the  sand  below. 

Surface  spaded  over  to  a  depth  of  4  inches. 
27.    No  sewage  applied. 
30.    No  sewage  applied. 

Surface  spaded  over  to  a  depth  of  8  inches. 

Surface  spaded  over  to  a  depth  of  8  inches. 


Table  of  Yearly  Averages  of  Analyses  of  Effluent  of  FiUer  No, 

[ParU  per  100,000.] 
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65,992 

1893,     . 

105,000 

58 

.5882 

.0985 

7.21  j 

2.1269 

.0238 

2.76 

.65 

90,362 

1894,     . 

70,800 

55 

.4710 

.0874 

9.33 

3.1200 

.0608 

8.68 

.46 

73,800 

Final 

aver 

age,. 

88,200 

63 

.2812 

.0548 

6.86 

1 

1.6761 

1 

.0181 

2.02 

.47 

40,246 

Fitter  No.  2. 

This  filter  was  constructed  in  1887  of  60  inches  in  depth  of  fine  sand, 
having  an  effective  size  of  0.08  millimeter. 

Sewage  first  applied. 

Two  trenches  18  and  6  inches,  respectively,  from  the  edge  of 

the  tank  were  dug  into  the  material  1  foot  wide,  1  foot 

deep  and  filled  with  Filter  No.  1  sand. 
Feb.  1 6.    Sewage  entered  the  material  through  holes  in  the  sand. 
March  31.    Heated  sewage  applied. 
Canvas  cover  put  over  the  surface. 
Canvas  cover  removed. 
Grass  cut  over  one-lialf  the  surface. 
Grass  and  weeds  puhed  up. 
Surface  spaded  4  inches  in  depth. 
Canvas  cover  put  over  surface. 
Surface  raked  1  inch  in  depth. 


1887. 

—  Dec.      19. 

1888. 

—  Jan.      11. 

Jan.  28  to 

Feb.  17  to 

Nov.     22. 

1889. 

—  March  13. 

Sept.    26. 

Nov.     26. 

Nov.     27. 

Nov.     27. 

1890. 

—  March    8. 
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1890. 
1891. 


•  April 
JttDe 
May 
June 
July 


8. 
26. 

1. 

1. 
25. 


1892.  - 


Jan. 

April 

May 

Sept. 

Nov. 


FiUer  No.  2  —  Concluded. 

Canvas  cover  removed,  surface  raked  1  inch  in  depth. 
Beginning  at  this  time,  surface  raked  1  inch  in  depth  each  week 
Surface  spaded  over  4  inches  in  depth. 
Surface  spaded  over  6  inches  in  depth. 
Surface  trenched  and  ridged. 
Oct.  31  to  April  11,  1892.    Two  and  five-tenths  inches  of  material  scraped 

from  the  trenches  and  the  material  placed  on  the  ridges. 
6.    Canvas  cover  put  over  the  surface. 
1.    Canvas  cover  removed. 
31.     Ridges  and  trenches  levelled. 
13.    Grass  cut. 

29.  Surface  protected  by  canvas  cover. 
1893.  —  March   4.    Canvas  cover  removed. 

March    4.    Two  trenches  were  constructed  like  those  dug  in  the  material 

June  11, 1888,  and  each  filled  with  Filter  No.  9  sand. 
March  4  to  April  1.    Trenches  covered  with  boards. 
July     20.    Grass  and  weeds  cut 
31.    Grass  and  weeds  cut 

30.  Two  inches  of  sand  in  trenches  removed  and  replaced  with 
fresh  material. 

Trenches  taken  out,  fine  sand  scraped  at  the  sides  and  the 
bottoms  of  the  trenches,  and  coarse  sand  replaced  after 
mixing  it  with  fine  sand  at  the  junction  of  the  two  materials. 

Trenches  covered  with  boards. 

Boards  removed  from  the  trenches. 

Surface  spaded  over,  corresponding  to  ploughing,  to  a  depth 
of  4  inches. 

Grass  cut. 
Nov.     30.    Material  in  trenches  taken  out  and  fine  sand  scraped,  mate- 
rial replaced. 


Aug. 
Oct 


Dec.       2. 


Dec.       4. 

1894.  — March  17. 

March  31. 

Aug.     15. 


Table  of  Yearly  Averages  of  AnalyaeB  of  Effluent  of  FiUer  No, 

[Parte  per  100,000.] 


2. 


Qoantlty 
AppUed. 

Oalloni 

per  Aere 

Dally 

for  Six  Days 

In  a  Week. 

Tempera* 
tore. 

Dey.  P. 

AMifOinA. 

e 

1 

KlTHOOBM  A» 

■ 

1 
1 

Ozjgen 

Oonanmed. 

Bacteria  per  Cu- 
ble  Centimeter. 

Yrak. 

1 

• 

1 

9a 

« 

1 

.0188 

1B88|     ... 

28,200 

61 

.1826 

.0120 

4.86 

.8880 

.86 

- 

1,848 

1880,     ..        . 

32,000 

63 

.0083 

.0089 

4.01 

1.1010 

.0046 

1.13 

- 

49 

1890,     . 

60,000 

63        1 

1 

.0088 

.0102 

6.44 

1.8260 

.0003 

1.85 

.00 

102 

1891.     .        . 

60,800 

68 

.8141 

.0268 

7.60 

1.0481 

.0083 

1.86 

.22 

03 

1892,     ..        . 

24,600 

53        1 

.6768 

.0288 

1    8.08 

1.4446 

.0070 

1.07 

.23 

82 

1888,     ..        . 

40,800 

"        1 

.8816 

.0288  1 

7.08 

2.4070 

.0609 

2.78 

.10 

2,116 

1894,     ..        . 

48,000 

68 

i  .1080 

.0178 

7.02 

2.8600 

.0188 

2.98 

.16 

.17 

880 

final  average, . 

80,000 

62 

.2106 

.0181 

8.64 

1.6009 

.0164 

1.84 

824 

Feb. 

6. 

Feb. 

7. 

Feb. 

17. 

Nov. 

22. 

Dec. 

5. 
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FiUer  No.  4. 

This  filter  was  constracted  of  60  incbes  in  deptb  of  fine  sand  of  an  effec- 
tive size  of  0.04  millimeter,  and  contains  two  trenches  of  coarse  sand  of 
effective  size  of  0.48  millimeter. 

1887.  —  Dec.      19.    Sewage  first  applied  to  this  filter. 

1888.  —  Jan .     23.    Two  holes  cut  through  the  frost  in  the  upper  layers  of  the  mate- 

rial. 
Jan .     28.    Two  holes  cut  through  the  frost  in  the  upper  layers  of  the  mate- 
rial. 

Five  holes  cut  through  the  frost. 

One  hole  cut  through  the  frost 

Trench  18  inches  from  the  edge  cut  through  the  ice  and  2 
inches  into  the  sand. 

Tank  covered  with  boards. 

Boards  removed  and  surface  covered  with  canvas. 

1889.  —  March  13.    Canvas  cover  removed. 

June    24.    Weeds  and  grass  removed. 

June    24.    Surface  of  outer  trench  of  coarse  sand  removed  and  replaced 

by  fresh  sand ;  surface  left  3  inches  below  that  of  the  rest 

of  the  filter. 
Grass  cut  on  one-half  of  the  surface. 
Grass  on  the  coarse  sand  pulled  up. 
Surface  covered  with  canvas. 
Surface  of  coarse  sand  raked  and  levelled. 
Canvas  removed. 
Surface   of  coarse  sand  raked  1  inch  in  depth  each  week 

from  this  time. 
Grass  on  fine  sand  cut. 

11.    Boards  put  over  trenches. 

March  30.    Boards  removed. 

April     4.    One-half  inch  of  sand  removed  from  the  surface  of  outer 

trench. 

May       9.    One  inch  of  sand  removed  from  the  surface  of  outer  trench. 

July  13  to  Aug.  5.    No  sewage  applied. 

July     27.    Grass  cut. 

Nov.     29.    Surface  protected  by  canvas  cover. 
1893.  —  March    6.    Two  inches  of  discolored  clogged  sand  removed  from  the  sur- 
face of  the  outer  trench. 

March  11.  Coarse  sand  taken  out  and  replaced  after  scraping  off  one- 
half  inch  of  the  fine  sand  at  the  junction  of  the  two  mate- 
rials. 

March  11.    Canvas  cover  removed. 

May       6.    Turf  removed  from  surface  of  the  fine  sand  between  the  edge 

of  the  tank  and  the  outer  trench. 

June      2.    An  inner  trench,  1  foot  inside  of  the  outer  trench,  was  dug 

1  foot  wide  and  2  feet  deep. 


Oct. 

26. 

Nov. 

15 

Nov. 

27. 

1890. 

—  Feb. 

18. 

April 

8. 

June 

4. 

Oct 

27. 

1891. 

— 

1892. 

Feb. 

11. 
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Filter  No,  4  —  Concluded. 


1898.  —  July     31. 

Aug.     81. 

Dec.       4. 
1894.  —  Jan.     22. 

March  17. 

April     2. 


Entire  surface  raked  over. 
Grass  and  weeds  cut. 
Trenches  covered  with  boards. 
Trenches  spaded  over  to  a  depth  of  6  inches. 
Boards  removed  from  trenches. 

Entire  surface  spaded  over,  corresponding  to  ploughing,  to  a 
depth  of  4  inches. 
July     IS.    Sand  removed  from  trenches,  sides  and  bottom  scraped  and 

raked,  and  coarse  sand  replaced. 


Table  of  Yearly  Averages  of  Analyses  of  Effluent  of  Filter  No.  4. 

[Parts  iMr  100,000.] 


TSAB. 


18S8, 


ISM.     . 

1801,  . 

1802.  . 
1888,  . 
ISM,     . 

Final 


Qoantity 
Applied. 

per  Acre 

Dally 

for  HU  Days 

In  a  Week. 


Tempera- 
tore. 

Deg.  F. 


28,700 
90,000 
88,900 
41,400 
41,800 
83,800 
90,100 


81,0T0 


61 
68 
63 
68 
68 
68 
64 


63 


AXHOnA. 


I 


I 

J 


.8103 
.0104 
.0018 
.0681 
.6220 
.0801 
.4788 


.3101 


.0348 
.0122 
.0126 
.0168 
.0642 
.0818 
.0880 


.0278 


I 


4.02 
4.29 
8.00 
6.83 
8.06 
8.81 
7.86 


6.00 


HrraooBv  as 


I 

I 


1.3880 
1.4476 
.8807 
1.4686 
1.6342 


1.0883 


.0090 
.0002 
.0000 

.0008 
.0027 
.0084 
.0061 


.0022 


.63 

• 

.87 

- 

1.26 

.14 

1.62 

.17 

1.90 

.78 

1.68 

.86 

1.08 

.49 

1.26 

.87 

80fr 
88 

284 
6» 

84 
48 

11» 


Filter  No.  6  A. 

This  filter  was  constructed  in  September,  1891,  and  contained  60  inches 
in  depth  of  fine  sifted  gravel  of  an  effective  size  of  1.40  millimeters. 

1891.  — Sept.    14.    First  sewage  applied,  surface  raked  1  inch  in  depth  each 

week. 

1 892.  —  March  29.    Three  inches  of  material  removed  from  the  surface,  and  for  the 

purpose  of  special  experiments  replaced  successively  by  1 

inch  of  Filter  No.  1  sand,  1  inch  of  Filter  No.  9  sand  and 

1  inch  of  Filter  No.  1  sand. 
May  20  to  June  2.    No  sewage  applied. 
June      2.    Upper  2  inches  removed  and  replaced  by  2  inches  of  Filter 

No.  9  sand. 
Oct.  19  to  Nov.  6.    No  sewage  applied. 
Oct.      81.    Layer  2  inches  in  depth  of  fine  sand  removed. 
Nov.      4.    Layer  1  inch  in  depth  (last)  of  coarse  sand  removed. 
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Filter  No,  6  A  —  Concluded. 

1893.  —  June    12.    Raked  to  a  depth  of  2  inches. 

Sept.    15.    Spaded  over,  corresponding  to  ploughing,  to  a  depth  of  6 

inches. 
Dec.       2.    Two  inches  of  material  scraped  from  the  surface,  which  was 

then  spaded  over,  corresponding  to  ploughing,  to  a  depth 

of  6  inches. 

1894.  —  March  31.    Spaded  over,  corresponding  to  ploughing,  to  a  depth  of  4 

inches. 
April     9.    Restored  to  its  original  depth,  and  new  and  old  material 

mixed  together  at  the  junction. 
July     13.    Spaded  over,  corresponding  to  ploughing,  to  a  depth  of  4 

inches. 
Sept.     4.    Spaded  over,  corresponding  to  ploughing,  to  a  depth  of  12 

inches. 
Dec.       1.    Spaded  over,  corresponding  to  ploughing,  to  a  depth  of  6 

inches. 


Table  oj  Yearly  Averages  of  Analyses  of  Effluent  of  Filler  No.  5  A, 

[ParU  per  100,000.] 


Quantity 
Applied. 

Gallons 

per  Acre 

Daily 

for  Six  Days 

in  a  Week. 

Tempera- 
tare. 

Deg.  F. 

Ammovia. 

s 

NiTBOOXV  AB 

Total  Nitrogen. 

Oxygen 

Consumed. 

Bacteria  per  Co- 
Mo  Centimeter. 

Tbab. 

1 

Albo- 
minold. 

• 

1 

1 

1891,  . 

1892,  .        .        . 
1898,     . 

1S94,     . 

64,000 

94,400 

119,200 

90,600 

53 
54 
58 
54 

.8818 
.8150 
.5848 
.6474 

.0418 
.0930 
.1266 

.0878 

7.48 
8.65 
7.57 
0.11 

.8700 
1.1884 
1.8208 
2.6700 

.0116 
.0278 
.0188 
.0682 

1.22 
1.99 
2.52 
3.38 

.32 
.09 
.72 
.56 

99,090 

90,090 

214,102 

106,700 

Fljaal  average, . 

08,100 

58 

.6515 

.0971 

8.86 

1.7880 

.0251 

2.28 

.63 

130,600 

Filter  No.  6. 

This  filter  was  constructed  in  1887  of  44  inches  of  mixed  coarse  and  fine 
sand,  having  an  effective  size  of  0.85  millimeter. 

1888.  —  Jan.     12.    First  sewage  applied. 

Jan.  23  to  March  14.    Frost  interfered  with  filtration,  and  sewage  applied 

in  holes  dug  in  the  surface. 
Nov.    22.    Surface  protected  by  canvas  cover. 

1889.  —  March  18.    Canvas  cover  removed. 

Oct.     26.    Grass  cut  from  one-half  of  surface. 
Nov.    26.    Surface  protected  by  canvas  cover. 
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Filler  No.  6  —  Concluded. 


1890.  —  April 
Oct. 
Dec. 
-Jan. 


8.  Canvas  cover  removed. 
27.  Grass  cut  from  surface. 
23.    Surface  raked  to  a  depth  of  1  inch. 

1891.  —  Jan.       1.    Beginning  at  this  date,  surface  was  raked  to  a  depth  of  1  inch 

weekly. 

1892.  —  March  29.    Two  inches  of  material  was  scraped  from  the  surface. 

April     2.    Material  removed  by  scraping  replaced  by  fresh  sand. 
April   11.    Surface  spaded  over,  corresponding  to  ploughing,  to  a  depth 

of  6  inches. 
May     19.    Upper  foot  of  sand  removed,  second  foot  spaded  over,  and 

upper  foot  replaced. 

1893.  —  Sept.    25.    About  2  inches  of  clogged  material  scraped  from  the  surface 

and  replaced  with  fresh  material. 
Dec.       2.    Surface  spaded  over  6  inches  deep. 
Dec.      4.    Canvas  cover  put  on. 

1894.  —  March  17.    Canvas  cover  removed. 

March  31.    Surface  spaded  over  4  inches  deep. 
Sept  21  to  Oct.  8.    No  sewage  applied. 
Oct.  30  to  Nov.  30.    No  sewage  applied. 
Nov.      8.    Surface  spaded  over  8  inches  deep. 
Nov.    17.    Surface  spaded  over  8  inches  deep. 


TabU  of  Yearly  Averages  of  Analyses  of  Effluent  of  Filler  No,  6. 

[Parte  per  100,000.] 


Qnentltj 
Applied. 

Oallous 

per  Acre 

DallT 

for  Six  Daji 

In  a  Week. 

Tempera- 
tare. 

I>«g.  F. 

Ammovia. 

j 

KiTSOOUr  AB 

I 

gl 

Bacteria  per  Co- 
ble Oenttmeter. 

1 

1 

« 

1 

1 

1888,     . 

80,600 

62 

1 

.0006 

.0180 

4.71 

.7060 

.0020 

.80 

- 

8,088 

1880,     . 

41,000 

68 

.0068 

.0006 

4.60 

1.4204 

.0004 

!    1.44 

- 

620 

1800,     . 

66,200 

62 

.0006 

.0170 

6.46 

1.2840 

.0006 

1.27 

.10 

7,060 

1801,     . 

81,200 

62 

.1726 

.0802 

7.80 

1.8863 

.0087 

1.68 

.26 

6,478 

1802,     . 

46,000 

64 

.7066 

.0437 

8.42 

1 

1.6170 

.0820 

2.23 

.40 

6,011 

1883,     . 

86,600 

63 

.4820 

.0610 

,    7.80 

2.1806 

.0006 

2.78 

.42 

11,700 

1804,     . 

64,800 

66 

.1780 

.0478 

1    0.80 

2.0800 
1.6406 

.0082 

2.80 

.48 

10,780 

Final  aTen 

k«e.. 

64,800 

68 

.2840 

.0818 

6.81 

.0886 

1.77 

.82 

6,800 
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Filter  No.  7. 

This  filter  was  constructed  in  1887  and  contained  44  inches  in  depth  of 
mixed  coarse  and  fine  sand  of  an  effective  size  of  0.85  millimeter,  above 
which  was  10  inches  of  yellow  loam  and  6  inches  of  brown  loam. 

1888.  —  Jan.     12.    Two  trenebes  dug  in  the  loam,  filled  with  coarse  sand. 

Jan.     14.    First  sewage  applied. 

Jan.  14  to  Feh.  6.    Sewage  applied  throDgh  four  holes  picked  in  the 

coarse  material. 
Feb.     18.    Two  inches  of  sand  removed  from  trenches. 
July    25.    Five-tenths  of  an  inch  of  material  scraped  from  the  surface 

of  the  fine  loam. 
Nov.    22.    Surface  protected  by  a  canvas  cover. 

1889.  —  March  13.    Canvas  cover  removed. 

June    25.    A  circular  trench  dug  3.5  feet  deep  and  2  feet  wide,  and 

coarse  gravel  and  stones  placed  in  it.  An  open-jointed 
pipe  6  inches  in  diameter  was  also  laid  in  this  trench  18 
inches  in  depth  from  the  surface ;  sewage  was  applied  to 
the  drain  connected  with  this  sub-surface  pipe. 

1890.  —  Surface  of  the  material  covered  with  a  scattering  growth  of  grass  and 

weeds  from  May  to  October. 

1891.  —  July     13.    Grass  cut 

1892.  —  Aug.  4  to  Oct.  6.    Sub-surface  pipe  clogged,  no  sewage  applied. 

Oct.       7.    Pipe  taken  up,  cleaned  and  re-laid. 

1893.  —  April    26.    Sub-surface  pipe  taken  up,  cleaned  and  re-laid. 

1894.  —  July      5.    Experiment  discontinued. 


Table  of  Yearly  Averages  of  Analyses  of  Effluent  of  Filter  No.  7. 

[ParU  per  100,000.] 


Quantity 
Applied. 

Gallons 

per  Acre 

Dailv 

for  Six  UMjt 

In  a  Week. 

Tempera- 
ture. 

Dc«.  F. 

AXMOHXA. 

NITSOOBN  AS 

• 

Oxjgen 

Coninmed. 

Bacteria  per  Cu- 
bic Centimeter. 

TSAB. 

1 

< 

• 

1 
1 

i 

5 

looo,      * 

1880,     . 

1800,  . 

1801,  .        . 

1802,  .       . 

1803,  . 

1804,  . 

24,600 
16,100 
80,600 
26,700 
20,100 
26,600 
18,800 

61 
64 
63 
64 
68 
68 
68 

.1227 
.0012 
.0101 
.4886 
.0068 
.0814 
.0805 

.0112 
.0075 
.0115 
.0102 
.0186 
.0572 
.0108 

4.66 
4.87 
6.44 
6.71 
7.68 
6.81 
6.73 

.8800 
1.8046 

.0821 
1.0665 
1.6678 
1.8067 
2.1640 

1.4872 

1 

.0050 
.0001 
.0010 
.0060 
.0060 
.0258 
.0000 

.60. 
1.82 
1.02 
2.11 
1.77 
2.82 
2.21 

.00 
.16 
.14 
.68 
.11 

8,000 
488 
841 

'423 

1,881 

1,820 

67 

Final  aver 

age,. 

22,600 

68 

.2484 

.0186 

6.06 

.0060 

1.68 

.20 

1,180 

1891.  —  Aug. 

31. 

Oct. 

19. 

Nov. 

5. 

Nov. 

9. 

1892.  —  Jan. 

1. 

Feb. 

11. 

April 

1. 
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Filter  No.  9  A. 

This  filter  was  oonstrocted  in  October,  1890,  and  contained  60  inches  in 
depth  of  medinm  fine  sand,  having  an  effective  size  of  0.17  millimeter. 

1890.  —  Nov.     18.    Sewage  first  applied,  surface  raked  to  a  depth  of  1  inch  each 

week. 
31.    Surface  spaded  over,  corresponding  to  ploughing,  to  a  depth 

of  4  inches. 
19.    Surface  spaded  over,  corresponding  to  ploughing,  to  a  depth 
of  4  inches. 
Surface  made  into  ridges  and  trenches. 
Twenty-five  one*hundredths  of  an  inch  of  sand  from  the 

trenches  removed  and  put  upon  the  ridges. 
One  inch  of  sand  taken  from  trenches. 
Surface  protected  by  canvas  cover. 
Canvas  cover  removed. 
May  6  to  25.    No  sewage  applied. 
May     10.    Surface  levelled,  6  inches  of  sand  removed,  and  stratified 

layers  removed. 
July     18.    Raking  of   the  sui'face  discontinued,  and  surface  scraped 

when  necessary  to  relieve  clogging. 
Sept.      9.    Scum  scraped  from  the  surface. 
Sept.    20.    Scraped  0.40  of  an  inch  of  material  from  the  surface. 
Oct.       7.    Scraped  0.53  of  an  inch  from  the  surface. 
Oct.  20  to  81.    No  sewage  applied. 
Nov.      9.    Scraped  0.53  of  an  inch  from  the  surface. 
Nov.    29.    Surface  protected  by  canvas  cover. 

1893.  —  Jan.  1  to  Nov.  16.    Surface  scraped  nine  times,  4  Inches  of  material  re- 

moved. 
March   7.    Canvas  cover  removed. 
March  14.    Filter  filled  to  original  depth. 
July     13.    Weeds  cut. 
July    81.    Weeds  pulled  up. 
Sept.    25.    Filter  filled  to  original  depth. 
Nov.  16  to  22.    Four  and  five-tenths  inches  of  material  scraped  off.    This 

was  not  clogged  with  organic  matters,  but  was  very  compact. 
Dec.       2.    Sand  removed  from  November  16  to  22,  replaced  with  enough 

new  sand  to  bring  up  the  filter  to  the  original  depth. 

1894.  —  Feb.       1.    Scraping  discontinued,  and  weekly  raking  to  a  depth  of  1 

inch  resumed. 
March  31.    Surface  spaded  over,  corresponding  to  ploughing,  to  a  depth 

of  4  inches. 
Oct.  13  to  28.    No  sewage  applied. 
Nov.  3  to  28.    No  sewage  applied. 
Nov.      5.    Surface  spaded  over,  corresponding  to  ploughing,  to  a  depth 

of  8  inches. 
Nov.    17.    Surface  spaded  over,  corresponding  to  ploughing,  to  a  depth 

of  8  inches. 
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TabU  of  Yearly  Avenges  of  Antdyaes  of  Effluent  of  Filter  No.  9  A. 

[ParU  per  100,000.] 


Quantity 
Applied. 

Gallons 

per  Acre 

Dallj 

far  Six  Days 

In  a  Week. 

Tempera- 
tnre. 

Deg.  F. 

AmfOifiA. 

Chlorine. 

NlTBOOBW  A8 

S 
5 

Oxygen 

Consumed. 

Bacteria  per  Ga- 
ble Centimeter. 

TlAB. 

1 

Alba- 
minoid. 

i 

s 

s 

1800.*  .       .       . 
1801,     .        .       . 
1892,     .        .        . 

1803,  .       .        . 

1804,  .        .       . 

110,000 
05,800 
68,100 

111,700 
68,800 

52 
54 
53 
54 
58 

.8275 
.5004 
.6470 
.7244 
.5252 

.0460 
.0240 
.0384 
.0508 
.0482 

5.37 
8.26 
8.46 
7.52 
8.14 

.0711 
1.3272 
1.8208 
1.0651 
2.9000 

.0087 
.0093 
.0128 
.0047 
.0079 

.88 

1.79 
1.93 
2.65 
8.41 

.16 
.22 
.36 
.40 
.81 

4,685 
67« 

2.401 
18,867 
14,030 

FIqaI  average, . 

86,500 

.5067 

.0416 

8.02 

1.8252 

.0084 

2.12 

.82 

7,63d 

*  November  18  to  December  81. 


The  yearly  averages  of  analyses  of  the  station  sewage  have  been 
tabulated  and  discussed  on  page  456.  Those  results  showed  that 
during  the  latter  part  of  the  period  covered  by  these  investigations, 
the  sewage  has  been  much  stronger  than  formerly.  This  fact  is  also 
shown  by  the  results  of  the  analyses  of  the  effluents,  which  have 
latterly  contained  much  larger  amounts  of  chlorine  and  of  nitrogen , 
in  the  form  of  nitrates. 

With  regard  to  the  general  character  of  the  effluents,  it  is  desired 
to  call  attention  at  this  time  to  two  principal  points,  as  fol- 
lows ;  — 

1.  The  quality  of  the  effluents,  as  indicated  by  the  free  and 
albuminoid  ammonia  and  the  oxygen  consumed,  has  been  less  satis- 
factory during  the  past  four  years  than  it  was  prior  to  1891. 

2.  During  1894  the  quality  of  each  of  the  effluents,  with  the 
exception  of  that  of  Filter  No.  4,  has  been  better  than  it  was  during 
the  preceding  year. 

Adding  to  the  second  one  of  the  above-mentioned  facts,  the  infor- 
mation which  was  presented  on  storage  of  nitrogenous  matter  and  fats^ 
under  the  question  of  ''  permanency  of  filters,"  it  is  clear  enough, 
after  seven  years'  experience  with  intermittent  sewage  filters,  that 
there  is  no  ground  for  the  belief  that  the  usefulness  of  sand  filters  in 
the  purification  of  sewage  becomes  more  and  more  limited  as  they 
continue  in  service.  As  has  been  noted  in  this  and  earlier  reports, 
intermittent  sewage  filters  will  continue  to  do  good  work  for  an 
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indefinite  time,  provided  they  receive  proper  management.  But 
the  question  may  arise,  How  is  it  that  there  has  been  such  a  deterio- 
ration in  the  quality  of  the  sewage  effluents  during  the  past  few 
years?  In  answer  to  this  it  may  be  said  that  the  conditions  of 
operation  of  the  experimental  filters  have  been  different;  and  so 
far  as  is  known  this  is  a  full  explanation  of  the  differences  in 
the  analytical  results  presented  in  the  tables  on  the  foregoing 
pages. 

Some  of  the  changes  in  conditions  were  not  anticipated,  but 
a  majority  of  them  were  purposely  made  and  maintained  for  the  sake 
of  learning  what  results  would  be  obtained  under  certain  circum- 
stances which  would  probably  arise  in  actual  practice.  One  of  the 
results  of  experimentation  along  these  lines  was  the  fact  that  the 
effluents  have  suffered  deterioration  in  quality,  but  another  and  more 
important  result  is  the  information  which  has  been  obtained  concern- 
ing the  effect  arising  from  certain  causes,  and  which  serves  as  a  guide 
whereby  the  Board  may  advise  the  local  authorities  in  Massachusetts 
with  regard  to  the  best  methods  of  sewage  disposal.  These  various 
factors  and  their  results  have  been  considered  in  detail  in  earlier 
reports  of  the  Board,  but  at  this  time,  when  we  are  considering  the 
work  of  the  filters  for  the  entire  period  of  the  investigations,  it 
will  be  worth  while  to  briefly  note  some  of  the  conditions  which 
have  influenced  the  results  under  our  present  consideration. 


Brief  Review  of  Prominent  Factors  in  the  Operation  of  the  Experin 

mental  Sewage  Filters^  1888-94. 

During  the  first  winter  of  operation  (1887-88)  when  the  filters 
were  new  and  unprotected  from  the  weather,  nitrification  did  not 
become  readily  established  until  warmer  weather  began.  With 
moderate  rates  of  filtration  and  with  comparatively  dilute  sewage, 
excellent  results  were  obtained  during  the  latter  part  of  1888 ;  and 
the  results  continued  to  be  very  satisfactory  under  these  conditions 
through  the  winters  of  1888-89  and  1889-90,  by  the  aid  of  canvaa 
covers  to  protect  the  filters  from  cold  weather. 

Beginning  in  the  early  part  of  1890,  some  difficulty  was  encoun- 
tered with  the  scum  which  had  accumulated  on  the  surface  of 
the  filters  from  the  sludge  of  the  applied  sewage.  In  the  spring  of 
this  year,  the  marked  advantage  of  raking  the  surface  weekly  to 
a  depth  of  1  inch  was  learned.     Excellent  results  with  regard  to 
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quality  of  effluent  were  obtained  during  the  summer  of  1890,  and 
the  rates  of  filtration  were  increased  in  order  to  learn  the  capacity  of 
the  filters  under  this  improved  surface  treatment. 

The  condition  of  the  filters  in  the  fall  of  1890  was  so  satisfactory 
as  to  warrant  a  departure  from  the  practice  of  the  two  preceding 
winters,  and  continue  the  operation  of  the  filters  through  the  winter 
with  the  surfaces  unprotected  from  the  weather.  Some  very  instruc- 
tive results  were  obtained,  showing  that  while  the  cold  weather 
interfered  considerably  with  the  completeness  of  the  purification, 
yet  the  filters  yielded  effluents  superior  in  quality  to  that  obtained  by 
any  other  method  for  the  purification  of  sewage.  It  is  true  that 
in  some  instances  there  were  obtained  at  this  time  effluents  of  which 
the  quality  was  such  as  to  render  it  questionable  whether  they  could 
be  turned  into  drinking  water  streams  with  safety.  Another 
and  very  serious  result  of  operation  of  the  filters  under  these 
conditions  was  the  fact  that  a  considerable  portion  of  the  organic 
matter  of  the  applied  sewage  remained  stored  in  the  filtering  material 
and  was  removed  with  difficulty  after  the  winter  was  over. 

During  the  early  part  of  1891,  the  increased  concentration  of  the 
applied  sewage  became  quite  marked,  owing  largely  to  the  number 
of  new  connections  which  were  made  with  the  sewer.  With  the  high 
rates  of  filtration,  increased  strength  of  applied  sewage  and  storage 
of  organic  matters  in  the  filters  during  the  preceding  winter,  it  was 
learned  in  the  spring  of  1891  that  the  customary  weekly  raking 
of  the  surface  to  a  depth  of  1  inch  was  insufficient  to  insure 
the  entrance  into  the  pores  of  the  filters  of  an  adequate  amount 
of  air.  With  the  view  to  increase  the  ventilation  of  the  filters,  the 
surfaces  in  some  instances  were  arranged  in  the  form  of  ridges  and 
trenches.  This  did  not  seem  to  furnish  either  a  marked  or  a  perma- 
nent relief,  however,  and  the  quality  of  the  effluents  during  the 
summer  and  fall  of  1891  was  inferior  to  that  obtained  during 
corresponding  seasons  of  the  preceding  years. 

Most  of  the  out-door  filters  were  considerably  clogged  at  the 
beginning  of  the  winter  of  1891-92,  which  was  unusually  mild  for 
this  climate.  About  half  of  the  filters  were  protected  from  the 
weather  by  canvas  covers.  The  chief  characteristic  of  the  results 
obtained  during  this  winter  was  the  small  amount  of  nitrates  present 
in  the  effluents,  thereby  indicating  a  marked  storage  of  organic 
matter  within  the  filtering  materials. 
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In  the  spring  of  1892  a  careful  study  was  made  of  the  filters,  and 
it  was  learned  that  not  only  did  clogging  come  from  the  surface 
layers,  but  also  from  the  presence,  in  a  majority  of  the  filters, 
of  ** stratified  layers"  caused  by  throwing  the  material  into  water 
when  the  filters  were  first  constructed,  as  explained  in  detail  in  the 
annual  report  of  the  Board  for  1892.  One  of  the  marked  efiTects  of 
these  layers  from  a  practical  point  of  view  was  that  they  excluded 
air  from  layers  beneath  them.  This  difficulty  was  remedied  in 
the  most  marked  instances  by  taking  out  the  filtering  materials  and 
replacing  them  in  the  tanks  when  dry. 

During  1892  the  sewage  became  somewhat  stronger,  but  the 
high  rates  of  filtration  were  still  continued,  as  much  benefit  was 
•derived  from  the  treatment  noted  in  the  last  paragraph.  With 
regard  to  the  quality  of  the  effluents,  in  some  cases  there  was  an  im- 
provement, but  in  most  cases  there  was  a  deterioration  when 
compared  with  the  results  of  the  preceding  year.  In  no  instances, 
however,  was  the  character  of  the  effluents  of  the  high  grade  which 
was  obtained  during  the  first  two  or  three  years  of  the  investiga- 
tions. 

One  of  the  results  of  the  above-mentioned  disturbance  of  the 
materials  was  that  the  filters  were  more  porous  for  a  time  than  was 
formerly  the  case.  In  consequence  of  this,  the  sewage  disappeared 
more  promptly,  and  nitrification  improved.  At  the  beginning  of  the 
winter  of  1892-93,  the  filters  were  in  fair  condition, — considerably 
better  on  the  whole  than  at  the  beginning  of  the  preceding  winter. 
About  half  of  the  filters  were  protected  from  the  cold.  The  storage 
of  organic  matter  in  the  filters  was  less  than  during  the  winter 
of  1891-92.  Nevertheless,  the  nitrification  became  very  incomplete 
before  the  winter  was  over,  in  the  case  of  nearly  all  of  the  filters,  and 
the  amount  of  organic  matter  and  free  ammonia  in  the  effluents  was 
unsatisfactory. 

In  the  spring  of  1893  it  became  evident  that  while  effluents 
were  obtained  which  were  of  greater  purity  than  was  the  case 
with  chemical  precipitation  or  any  other  method  for  the  puri- 
fication of  sewage,  yet  some  radical  change  in  the  treatment 
of  the  filters  was  necessary  in  order  to  obtain  satisfactory  ef- 
fluents. There  were  two  leading  factors  which  came  up  for 
discussion :  first,  the  removal  of  the  surface  layers  which  had 
become  clogged  through  overdosing;  and,  second,  the  reduction 
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of  the  quantity  of  applied  sewage,  which  was  gradually  becoming 
stronger. 

It  was  decided  to  deal  with  one  factor  at  a  time,  and  the  surfaces 
of  the  filters  were  spaded  and  scraped  as  described  in  the  report 
of  the  Board  for  1893.  The  result  of  this  treatment  was  that 
nitrification  became  the  highest  in  the  history  of  the  investigation  up 
to  that  time,  and  the  organic  matter  stored  in  the  filtering  materials 
was  removed  to  a  marked  degree.  The  quality  of  the  effluents 
during  the  spring,  summer  and  fall  of  1893  was  better,  on  an  average, 
than  had  been  the  case  since  the  summer  of  1890,  when  the  high 
rates  of  filtration  were  first  adopted. 

The  rainfall  during  the  autumn  of  1893  was  unusually  light, 
and  the  sewage  became  exceptionally  concentrated  at  this  time. 
This  seemed  to  be  a  factor  in  causing  less  complete  nitrification, 
although  the  chief  reason  doubtless  lay  in  the  insufficient  aeration, 
owing  to  the  sub-surface  clogging.  The  difficulty  arising  from  the 
presence  in  the  filters  of  adjoining  layers  of  unlike  material  was 
effectively  remedied  Dec.  2,  1893.  But,  as  was  afterwards  learned, 
the  remedy  came  too  late  to  allow  nitrification  to  become  well 
established  before  severe  winter  weather  set  in. 

As  a  result  of  the  above  treatment  the  filters  were  more  porous, 
and  during  the  winter  of  1893-94  disposed  of  the  usual  amount 
of  strong  sewage  without  difficulty,  even  when  unprotected  from  the 
cold.  Nitrification  was  greater  than  during  any  preceding  winter, 
but  the  effluents,  owing  to  the  cause  noted  above,  contained  more 
organic  matter  than  was  desirable. 

In  the  spring  of  1894  it  was  decided  to  reduce  the  quantity 
of  applied  sewage  which  still  grew  stronger.  Accordingly  the  rates 
of  filtration  in  most  cases  were  reduced  by  about  one-third  on  April 
1, 1894.  The  object  of  this  decrease  in  quantity  of  sewage  treated  by 
the  filters  was  of  course  to  insure  a  gain  in  the  quality  of  the  effluents. 
During  the  warmer  months  of  1894  the  character  of  the  effluents,  on 
the  whole,  was  very  satisfactory,  and  in  the  case  of  some  filters  the 
effluent  was  the  best  which  had  been  obtained  up  to  that  time. 

In  the  fall  of  1894  it  was  the  purpose  to  remove  from  the 
filters  by  nitrification  as  much  of  the  stored  organic  matter  as 
possible,  and  to  have  the  process  of  nitrification  in  excellent  condi- 
tion at  the  beginning  of  cold  weather.  With  this  end  in  view. 
Filters  Nos.  1,  6  and  9  A  were  spaded  over,  corresponding  to  plough- 
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ingy  and  allowed  to  rest  for  about  one  month  as  has  been  already 
noted.  Cold  weather  began  early  in  November,  and  the  result  of 
this  treatment  was  that  the  activity  of  the  organisms  of  nitrification 
was  lessened.  While  it  is  true  that  this  experience  led  to  a  negative 
result  with  regard  to  the  problem  which  it  was  intended  to  solve» 
nevertheless,  from  a  practical  point  of  view,  it  is  one  of  much  im- 
portance. 

Comparison  of  the  Influence  exerted  upon  the  Results  of  Filtration 
by  these  Various  Factors  in  Winter  and  Summer^  respectively. 

From  the  detailed  accounts  of  the  work  of  the  several  filters,  year 
by  year,  as  well  as  from  the  brief  historical  review  which  has  just 
been  presented,  it  is  clear  that  the  effect  of  unfavorable  conditions 
upon  the  purification  of  sewage  by  filtration  is  most  marked,  as  a 
general  rule,  during  the  winter  months.  In  order  to  bring  out  this 
idea  more  sharply  the  final  average  results  from  the  various  filters 
are  given  in  the  following  table,  and  in  the  second  table  beyond 
these  results  are  divided  into  two  periods,  namely,  summer  and 
winter.  These  divisions  are  somewhat  arbitrary,  and  include  the 
months  of  May  to  October,  and  of  November  to  April,  respectively • 
This  was  done  largely  for  the  sake  of  uniformity  and  clearness,  as 
will  be  explained  subsequently,  and  it  is  not  to  be  supposed  that 
actual  winter  weather  in  Massachusetts  continues  for  a  period  of 
six  months. 


Summary  oj  the  Average  Results  of  Seven  Tears*  Analyses  of  Efflttenis  of  Filters 

Nos.  1-9  A, 

[P»rU  per  100,000.] 


BUMBSB  or 

FiLTBB. 


1, . 

2,  . 
4.  . 
5  A, 

fl.  . 
7.  . 
9  A, 


Period. 


SOBDtlty 
ppUed. 

Oallons 

per  Acre 

DallT 

ft>r  Six  Days 

In  a  Week. 


Tempera- 
tare. 

Deg.  F. 


1888-04 

88,200 

1888-04 

80.000 

1888-04 

81,100 

1801-04 

08,100 

1888-04 

64,800 

1888-04 

22,000 

1890-04 

86,500 

68 
62 
62 
68 
68 
63 
53 


Ammovia. 

1 

1 

• 

1 

.2812 

.0648 

6.85 

1.2105 

.0181  ■ 

1 

6.54 

.2101 

.0276 

5.00 

.6516 

.0971 

8.36 

.2840 

.0818 

6.81 

.2484 

.0186 

6.06 

.60«7 

ll 

.0415 

8.02 

NlTIOOSir  48 


1 

1 

1 

I 

a; 

Z 

1.6761 

.0181 

2.02 

1.6000 

.0154 

1.84 

1.0868 

.0022  1 

1 

1.25 

1.7880 

.0261 

2.28 

1.6406 

.0336 

1.77 

1.4372 

.0060 

1.68 

1.8252 

.0084 

2.12 

-i 


e 

I 


.47 
.17 
.87 
.68 
.32 
.20 
.32 


51 

y 

H 
S 


40,24& 

024 

20» 

130,000 

68,000 

1,180 

7,530 
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Summary  of  Entire  Results  of  Analyses  of  Effluents  of  Filters  Nos.  1-9  A  up  to 
Nov,  1, 1894,  in  Six  Month  Periods,  to  show  the  Effect  of  WinUr  Weather. 


Filter  No.  1. 
[Parte  per  100,000.] 


Qaantlty 
Applied. 

Oaiions 

per  Acre 

Daily 

ibr  Six  Days 

In  a  Week. 

Tempera- 
ture 

Deg.F. 

AxMOiriA. 

1 

6 

1 

j    NiTBOOBV  A8 

• 

1 

• 

5 

Baetoria  per  Cq- 
blo  Centimeter. 

BX4SOV. 

• 

1 

Albu- 
minoid. 

1 

Wintera, 
Sanaiera,    «       . 

87.000 
90,000 

42       1 
65 

.4754 
.0704 

.0701 
.0388 

5.87 
7.98 

1.1200 
2.1200 

.0276 
.0098 

1.62 
2.23 

.67 
.34 

54,500 
27,000 

Filter  No.  2. 


Winters, 
Summera, 


89,600 
42,200 


41 
68 

.1003 
.2270 

.0181 
.0170 

4.68 
7.82 

1.0400 
2.0800 

.0185 
.0086 

1.22 
2.25 

.20 
.17 

1,280 
141 


Filter  No.  4. 


Winters, 
Sammen,    . 


88,900 
28,700 


42 
03 


.1054 
.8281 


.0215 
.0342 


5.13 
6.87 


.7700 
1.1700 


.0007 
.0087 


1.50 


.29 
.36 


418 
104 


Filter  No.  5  A. 


Winters, 
8am  mere,    • 


99,700 
90,800 


41 

.8176 

.1827 

6.93 

1.5800 

.0338 

2.50 

.79 

66 

.8970 

.0671 

9.79 

2.1200 

.0151 

2.57 

.48 

84,900 


Filter  No.  6. 


Wlntera,      . 
Sammen,    •       • 


48,400 
57,100 


41 

.8858 

.0394 

5.19 

1.0000 

.0502 

1.48 

.48 

64 

.0700 

.0226 

8.09 

2.2000 

.0115 

2.80 

.21 

ll.t 

6,600 


Filter  No.  7. 


Wlntera, 
Sammen,    • 


26,400 
28,800 


42 
64 


.8178 
.1528 


.0197 
.0180 


4.88 
7.88 


.9100 
2.0900 


.0027 
.0106 


1.50 
2.26 


.15 

.12 


2.160 
677 


Fitter  No.  9  A. 


Winten,      . 
Bummen,    . 


80,800 
95,700 


41 
66 


.6165 
.0691 


.0687 
.0200 


6.27 
9.48 


.9400 
2.6600 


.0077 
.0068 


1.55 
2.76 


.48 
.17 


11. 


890 


These  analytical  results  show  that  during  the  summer  months  the 
effluents  have  contained  in  each  case  larger  quantities  of  nitrates  and 
fewer  bacteria  than  during  the  winter  months.  Again,  if  we  except 
Filters  Nos.  2  and  4,  of  very  fine  sand,  the  effluents  have  contained 
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in  summer  the  least  free  ammonia  and  organic  matter  as  indicated 
by  the  albaminoid  ammonia  and  oxygen  consumed.  The  reasons 
why  Filters  Nos.  2  and  4  have  behaved  differently  than  the  other 
filters  are  explained  in  the  following  chapter,  in  which  is  given  a 
detailed  discussion  of  the  most  important  factors  that  have  exerted 
an  influence  upon  the  results  of  filtration.  The  present  chapter » in 
which  considerable  material  is  presented  in  a  convenient  form  for 
reference,  may  serve  as  an  introduction  to  the  one  following. 

Detailed  Account  of  Factors  which  have  exerted  an  In* 

FLUENCE  ON  THE   PURIFICATION  OF  SeWAOE   BT  EXPERIMENTAL 

Intermittent  Filtration,  with  Especial  Reference  to 
Winter  Weather  in  Massachusetts,  and  Reasons  wht 
the  Results  of  1888-89  were  better  than  those  of 
Recent  Winters. 

From  the  summary  of  results  in  the  last  chapter  it  is  plain  that 
the  quality  of  the  effluents  has  deteriorated  at  times  during  the 
latter  portion  of  the  investigations.  The  last  table  made  it  clear^ 
also,  that  in  most  instances  it  has  been  during  the  colder  months  of 
the  year  that  this  deterioration  has  been  most  noticeable.  Partly 
with  the  view  to  aid  in  learning  what  is  the  best  management  of 
filters  under  these  circumstances,  and  partly  to  place  on  record  for 
convenient  use  an  analysis  of  the  more  prominent  factors,  a  detailed 
study  has  been  made  of  the  conditions  which  exert  an  influence  upon 
the  purification  of  sewage  at  this  season  of  the  year. 

In  order  to  make  this  study  more  complete,  and  to  show  the 
influence  of  the  various  factors  during  the  several  winters,  there  are 
given  in  the  set  of  tables  beyond  each  year's  results  from  the  efflu- 
ents of  the  several  filters  in  six  month  periods  up  to  Nov.  1,  1894* 
Many  of  the  earlier  results  have  been  similarly  presented  on  former 
occasions  in  order  to  show  the  efiect  of  overdosing,  stratification, 
etc.,  and  the  influence  of  these  conditions  has  been  discussed  in 
earlier  reports  and  is  very  briefly  referred  to  in  the  preceding  chap* 
ter  of  this  volume. 

Final  averages  of  the  analytical  results  arranged  in  six  month 
periods  have  been  presented  on  page  512.  As  an  introduction  to 
that  table  it  was  explained  that  the  results  of  analyses  are  divided 
into  two  periods,  namely,  the  summer  period,  May  to  October, 
inclusive,  and  the  winter  period,  November  to  April,  inclusive, 
largely  on  the  ground  of  uniformity  and  clearness. 
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Owing  to  the  fact  that  different  filters  behave  very  differently  under 
the  influence  of  certain  disturbing  influences,  it  was  apparent  that  the 
winter  period  must  be  of  suflScient  length  to  include  the  deteriorat- 
ing results  from  filters  of  coarse  material,  which  may  feel  the  effect 
of  winter  weather  late  in  November ;  and  also  those  from  the  finer 
filters,  which  may  not  show  the  effect  of  winter  weather  until  early 
spring,  but  which  require  fully  as  long  a  period  as  the  filters  of 
coarse  material  in  order  to  again  attain  their  normal  efficiency. 
This  is  a  matter  of  sufficient  importance  from  a  practical  point  of 
view  to  be  made  the  subject  of  the  following  special  discussion, 
which  will  make  plainer  the  results  in  the  tables  which  follow  it. 

Differences  in  the  Behavior  of  Filters  of  Pine  Material  and  those  of 
Coarse  Material^  especially  in  Winter  Weather. 

Owing  to  greater  capillarity,  filters  of  fine  material  retain  much 
larger  quantities  of  sewage  in  their  pores  than  is  the  case  with  filters 
of  coarse  material.  Thus,  for  example.  Filters  Nos.  1  and  4  when 
new  held  in  their  pores,  after  having  been  filled  with  water  and 
allowed  to  drain  for  twenty-four  hours,  about  1,000  and  2,500  gal- 
lons, respectively.  With  recent  rates  of  filtration  this  means  that 
with  Filter  No.  1  the  sewage  on  an  average  has  remained  in  the 
pores  of  the  material  for  about  two  days,  while  for  Filter  No.  4  this 
period  is  about  four  weeks. 

The  practical  result  of  this  is  that  the  filters  of  coarse  material 
show  the  effect  of  winter  weather,  under  unfavorable  conditions  for 
filtration,  in  a  very  short  time,  —  frequently  during  the  latter  part 
of  November,  —  while  with  other  conditions  equal,  it  is  several 
weeks  usually  in  the  case  of  fine  filters  before  the  effluent  shows 
deterioration ;  and  even  then  the  change  in  character  of  the  effluent 
is  confined  largely  to  a  diminution  of  nitrogen  in  the  form  of  nitrates, 
while  the  organic  matter  will  still  be  very  low  for  some  time,  owing, 
apparently,  to  an  unusual  power  possessed  by  certain  fine  sands  to 
retain  and  store  soluble  organic  matters  and  free  ammonia.  Another 
point  worth  mentioning  is  that  the  analyses  of  effluents  of  filters  of 
coarse  material  are  a  ready  guide  for  their  management,  while  for 
fine  filters  this  is  less  time  on  account  of  the  slow  passage  of  sewage 
through  them.  In  fact,  with  fine  filters  it  is  many  times  the  case 
that  surface  clogging  is  the  first  indication  of  unsatisfactory  work. 

With  regard  to  the  restoration  to  normal  work  there  is  a  marked 
difference  in  the  action  of  filters  of  coarse  and  of  fine  materials. 
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Coarse  filters,  which  contain  sufficient  air  in  their  pores,  usually 
begin  to  recover  rapidly  from  the  effects  of  winter  weather  about 
March  1.  At  this  time  fine  filters  in  some  instances  are  just  beginning 
to  yield  an  effluent  containing  an  abnormal  amount  of  free  ammonia 
and  organic  matter.  The  time  during  which  they  may  continue  to 
do  unsatisfactory  work  is  more  extended  than  in  the  case  of  coarse 
filters,  owing  partly  to  the  greater  amount  of  water  held  in  the 
pores  of  the  filter,  and  consequently  a  less  prompt  remedy  of  the 
existing  difficulty.  There  are  other  factors  which  prolong  this 
period;  they  are  not  all  clearly  understood,  but  a  point  well  worth 
mentioning  is  that  it  appears  to  be  more  difficult  to  re-establish  the 
process  of  nitrification  in  material  that  holds  itself  saturated,  or 
nearly  so,  than  in  the  case  of  coarser  material,  where  there  is  more 
opportunity  for  aeration. 

These  explanations  will  make  it  clear  why  the  free  ammonia  and 
organic  matter  are  shown  by  the  following  tables  of  analyses  to  have 
been  higher  during  the  summer  than  during  the  winter  period. 


Tabu  showing  Average  BesuUs  of  Analyses  of  Effluent  of  Filler  No,  i,  by  Six 

Month  Periods, 


[Parts 

per  100,000.] 

Quantity 
Appltod. 

Gallons 

per  Acts 

Dally 

for  8lx  Days 

In  a  Week. 

Temp«ra- 
tora. 

Daff.  F. 

AmfoviA. 

1 

NiTBOOBV 
▲8 

m 

I 

f 

Baeteria  par  Co- 
ble Oentlmeter. 

PUIOIK 

1 

Albo- 
minold. 

1 

K 

Jan^April,  1888,    . 

80,000 

88 

.4227 

.0890 

2.46 

.1100 

.0016 

.62 

- 

40,310 

May-Oet.,  1868,      . 

80,000 

64 

.0418 

.0198 

0.41 

1.2100 

.0089 

1.28 

- 

2,200 

NoT^  1888-Aprli,  1889,  . 

80,000 

47 

.0912 

.0208 

4.86 

1.1800 

.0018 

1.26 

- 

2,288 

Vay-OeL,  1889,      .       . 

86,000 

06 

.0423 

.0ZT7 

4.97 

;l.8100 

1 

.0014 

1.89 

- 

1,670 

Not.,  1888-AprU,  1880,  . 

66,000 

42 

.0029 

.0841 

4.88 

1.8000 

.0017 

1.48 

- 

4,288 

llay-Oet.,  1890,      . 

80,000 

04 

.0121 

.0800 

0.88 

1.6000 

.0018 

1.66 

.24 

14,900 

KoT^180O.AprU,1891,  . 

114,000 

40 

.4988 

.0001 

6.84 

.9100 

.0100 

1.40 

.46 

24,970 

May-Oet.,  1801,      . 

118,000 

86 

.0789 

.0880 

9.83 

1.6100 

.0273 

1.07 

.84 

18,800 

Not.,  1891-AprU,  1802,  . 

124,000 

41 

.8766 

.0821 

7.04 

1.1800 

.0819 

1.06 

.66 

42,100 

Vay-Oet.,  1802,      .       . 

128,000 

80 

.2601 

.0068 

9.40 

1.7600 

.0209 

2.09 

.49 

04,040 

KoT^1893-AprU,1806,  . 

118,000 

89 

.9201 

.1800 

0.47 

1.0000 

.0190 

2.00 

.94 

142,800 

May-Oet.,  1808,      . 

95,000 

08 

.0884 

.0480 

7.80 

8.1800 

.0000 

8.27 

.84 

88,000 

iroy^l8«8-AprU,1804,  . 

98,000 

48 

.9810 

.1087 

0.68 

2.2800 

.1270 

8.80 

.76 

126,000 

Hay-Oet.,1804,      .       . 

12,000 

07 

.0868 

.0870 

11.18 

3.7900 

.0042 

8.98 

.28 

88.700 
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Table  shatoing  Average  BesuUs  of  Analyns  ofEfflutvl  oj  Filter  No.  2,  by  Six 

Month  Periods. 

[Parte  por  100,000.] 


Pbbiod. 


QnaDtitT 
Aj>plled. 

Oalloni 

per  Acre 

DallT 

for  Six  Dars 

In  a  Week. 


Jan.-April,  1888,    . 
May-Oct.,  1888,      . 
Not.,  1888-AprU,  1880, 
If  ay-Oot.,  1880,      . 
Not.,  1880-April,  1800, 
May-Oot.,  1800,      . 
Not.,  1800- AprU,  1801, 
May^ol.,  1801,      . 
NoTnl801-AprU,1802, 
If  ay-Oet..  1802,      . 
Not.,  1802-April,  1808, 
Ifay-Oot.,  1808,     . 
Not.,  180S- April,  1804, 
Ifay-Oot.,  1804,      . 


41.000 
34,000 
38,000 
83,000 
44,000 
66,000 
04,000 
80.000 
30,000 
20,000 
24,000 
46,000 
66,000 
80,600 


Tempera- 
ture. 

Deg.  F. 


86 

62 
48 
63 
42 
64 
41 
64 
42 
63 
40 
62 
42 
64 


Akiiovia. 


I 

hi 


.2767 
.1811 
.0080 
.0021 
.0176 
.0016 
.2488 
.8866 
.3482 
.8121 
.1824 
.2080 
.8386 
.0011 


.0178 
.0120 
.0071 
.0000 
.0110 
.0106 
.0188 
.0881 
.0264 
.0806 
.0107 
.0008 
.0268 
.0181 


4 

a 


2.60 
6.60 
4.41 

6.47 
4.88 
6.80 
4.62 

10.06 
6.03 

10.10 
6.00 
7.72 
6.26 
8.80 


NlTKOGKV 


1 


I 

5 


.0100.0003 

1.0400  .0166 

.0200  .0014 


1.2700 
1.1800 
1.0800 

.0800 
1.0800 

.6800 
2.1800 
1.1300 
8.6700 
2.4100 
3.2100 


.0003 
.0040 
.0000 
.0020 
.0188 
.0012 
.0127 
.0078 
.0166 
.1120 
.0001 


8 


M 

o 


.26 

• 

1.23 

- 

.04 

- 

1.80 

- 

1.82 

- 

1.06 

.08 

1.16 

.18 

1.42 

.81 

1.01 

.84 

1.88 

.28 

1.81 

.18 

8.68 

.13 

2.88 

.25 

8.28 

.10 

51 


8,750 

184 

14 

28 

160 

SO 

218 

16 

14 

47 

8,700 

104 

1,086 

660 


Table  showing  Average  BesuUs  of  Analyses  of  Effluent  of  Filter  No,  4^  by  Six 

Month  Periods. 


[ParU 

per  100,000.] 

Qoantlty 
Applied. 

Gallons 

per  Acre 

Dally 

for  Six  Days 

in  a  Week. 

Tempen- 
tare. 

Def .  F. 

AMMOiriA. 

• 

i 

SmoamM  as 

• 

• 

■i 
§ 

J 

H 

FlUOD. 

1 

Albn- 
mlnold. 

■ 

1 

1 

Bacteria  pei 
bio  Centtn 

JaD.-Aprll,  1888,    . 

46,000 

87 

.1760 

.0205 

2.70 

.0200 

.0005 

.30 

. 

3,863 

May-Oct..  1888,      . 

38,000 

62 

.4880 

.0477 

6.01 

.8500 

.0036 

.70 

-> 

37 

Not.,  1888-AprU.  1880,  . 

16,000 

43 

.0816 

.0140 

3.03 

.3000 

.0007 

.80 

- 

10 

May-Oet.,  1880.      .       . 

30,000 

64 

.0041 

.0146 

4.67 

.6800 

.0002 

.67 

- 

60 

Not.,  1880.AprU,  1800,  . 

80,000 

48 

.0016 

.0107 

4.62 

1.2600 

.0001 

1.27 

- 

27 

May-Oot.,  1800,      . 

88,000 

62 

.0016 

.0186 

6.62 

1.8800 

.0000 

1.35 

.14 

206 

Not.,  1800-April,  1801,  . 

84,000 

41 

.1010 

.0186 

6.02 

.0100 

.0011 

1.03 

.18 

812 

May-Oct.,  1801,      . 

40,000 

62 

.0128 

.0110 

6.48 

1.8800 

.0004 

1.01 

.15 

67 

Not.,  1801-ApriI,  1802,  . 

61,000 

42 

.1306 

.0200 

6.17 

.7700 

.0006 

.03 

.81 

70 

May-Oet,  1802,       . 

86,000 

64 

.0123 

.0784 

7.46 

.5300 

.0044 

1.41 

1.26 

107 

Not.,  1802-Apm,  1808,  . 

88,000 

42 

.0671 

.0246 

6.65 

1.0000 

.0008 

1.00 

.81 

48 

May-Oot.,  1808,      . 

80,000 

63 

.1260 

.0366 

7.68 

1.7200 

.0065 

1.80 

.80 

82 

Not.,  1808-April,  1804,  . 

38,000 

43 

.1806 

.0816 

6.86 

1.1400 

.0014 

1.85 

.87 

80 

May-Oct.,  1804,      .       . 

10,700 

64 

.7678 

.0868 

0.25 

1.7400 

.0108 

2.44 

.49 
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Table  showing  Average  SemUs  of  Analyses  of  Effluent  of  FiUer  Ko.  5  A,  by  Six 

Month  Periods. 

[PAiti  per  100,000.] 


Fkbio». 


Qnanttty 
Appltod. 

Oallont 

per  Acre 

DttlW 

for  Six  DftTS 

la  ft  WeaL 


Tvmpen- 
tare. 

Deg.  F. 


Sept.  15-Oci.,  1801, 
Not.,  imi-April,  1802, 
Mty-Oet.,  1802,      . 
Not,  1802-April,  1808, 
Mty-Oet.,  1888,      . 
Noy.,180S-April,1804, 
Mty-Oet.,  1804,      . 


20,000 

00,000 

80,000 

108,000 

114,000 

101,000 

78,800 


08 
42 
60 
41 
08 
41 
87 


Ammovia. 


I 


< 


.1006 
.7&24 
.7010 
.0327 
.1002 
.7677 
.8888 


.0880 
.0886 
.0687 
.1606 
.0707 
.1421 
.0620 


6.60 
7.62 
0.76 
6.80 
8.68 
6.80 
11.00 


KlTKOaEN 

AS 


i 
I 


i 


.6800 
1.2200 

.8000 
1.2800 
2.1000 
2.2800 
3.2000 


.0178 


.0206 
.0206 
.0077 
.0666 
.0170 


1 


■s 

a 

D 
■ 

S 

I" 

>* 

M 

o 


Ah 

5^ 


«8 


A' 


.87 

.26 

2.00 

.61 

1.60 

.67 

2.26 

1.08 

2.44 

.80 

8.16 

.84 

8.00 

.80 

183,800 

204,700 

66,800 

807,200 

114,000 

103,700 

71,000 


Table  showing  Average  SesuUs  of  Analyses  of  Effluent  of  Filter  No,  6,  by  Six 

Month  Periods, 

[PftrU  per  100,000.] 


Phbiod. 


Qoantlty 
Applies. 

Oftnone 

per  Acre 

Deflj 

for  Six  Days 

In  ft  WtA. 


Tempem- 
Uaie. 

Deg.  F. 


Jftn.-Aprll.  1888,    . 
Mey-Oet.,  1888,      . 
Not.,  1888-AprlI,  1880, 
Mftj-Oct ,  1880,      . 
Nov.,  1880- April,  1800, 
Mey-Oct.,  1800,      • 
Nov.,  1800-Apri],  1881, 
Mey-Oei.,  1801,      . 
Nov.,  1801-April,  1882, 
Jf ey-Oet.,  1802,      . 
Nov  ,1802-Aprll,1886, 
Kfty-Oct.,  1806,     . 
Nov.,  188S-AprU,  1804, 
May -Oct. ,1894,      . 


86,000 
46,000 
80.000 
46,000 
40,000 
66,000 
62,000 
70,000 
84,000 
64,000 
62,000 
78,000 
66,000 
61,000 


37 
68 
42 
64 
42 
68 
41 
64 
42 
66 
41 
66 
41 
66 


AxMoaiA. 


I 


.2806 
.0211 
.0160 
.0037 
.0007 
.0026 
.3060 
.0086 
1.0180 
.8410 
.8266 
.0880 
.1812 
.0643 


1 


.0202 
.0100 
.0076 
.0100 
.0166 
.0166 
.0827 
.0202 
.0601 
.0278 
.0662 
.0384 
.0646 
.0408 


6 


2.60 
6.07 
4.41 
4.88 
4.71 
6.24 
4.27 
0.00 
7.64 
0.40 
6.78 
8.66 
6.16 
12.37 


NinooHi 

AS 


I 


.0200 
1.1100 

.0700 
1.6800 
1.280O 
1.5800 
1.1100 
1.7600 

.1800 
2.7800 
1.2200 
2.0800 
2.2800 
8.620O 


i 


.0006 
.0067 
.0002 
.0002 
.0006 
.0001 
.0084 
.0006 
.0006 
.0246 
.0708 
.0268 
.2662 
.0266 


I 


ID 

,1 


.26 

- 

1.16 

- 

.00 

- 

1.70 

a. 

1.27 

- 

1.61 

.10 

1.42 

.22 

1.80 

.90 

1.12 

.67 

8.13 

.28 

2.20 

.67 

3.00 

.21 

2.78 

.66 

3.78 

.81 

36,800 

164 

380 

404 

1,861 

11,800 

12,600 

1,616 

3,600 

6,100 

21,100 

6,100 

7,080 

18,000 
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Table  showing  Average  Beaultt  of  Analyset  of  Effluent  of  Filter  No.  7>  by  Six 

Moiith  Periods. 


[Parte 

per  100,000.) 

QuantHy 
Applied. 

Gallons 

per  Acre 

Dally 

for  Six  Days 

lu  a  Week. 

Tempera- 
ture. 

I>eg.F. 

AjmoviA. 

« 

• 

i 

NlTaO«BH  AS 

e 

1 

e 
1 

h 

o 

Bacteria  per  Cu- 
bic Cantimclcr. 

Pkuod. 

1 

Albu- 
minoid. 

m 

1 

% 

Jao.-Aprilp  1888»    . 

40,000 

87 

.1606 

.0136 

2.86 

.0100 

.0004 

.16 

- 

8,060 

May-Get.,  1888,      . 

10,000 

02 

.1446 

.0166 

6.22 

.6200 

.0007 

.68 

- 

08 

NoY.,  1888-April,  1889, . 

10,000 

46 

.0018 

.0000 

8.01 

.7600 

.0000 

.77 

- 

6 

May-Oct.,  1889,      . 

16,000 

64 

.0012 

.0078 

4.71 

1.6000 

.0001 

1.61 

- 

202 

Not.,  1880-Aprll,  1800, . 

80,000 

48 

.0027 

.0110 

4.88 

1.0600 

.0001 

1.07 

- 

600 

May-Oct.,  1800,      . 

82,000 

63 

.0177 

.0118 

6.47 

2.2200 

.0006 

2.26 

.00 

306 

Nov.,  1890-April,  1891, . 

86,000 

41 

.6263 

.0206 

4.60 

.6100 

.0046 

.08 

.18 

030 

May-Oct.,  1891,      . 

20,000 

64 

.4648 

.0187 

7.00 

2.1900 

.0058 

2.60 

.18 

257 

Not.,  1891.April,  1802, . 

21,000 

48 

.0179 

.0080 

6.02 

1.8700 

.0000 

1.40 

.0» 

14 

May-Oot.,  1802,      . 

18,000 

08 

.0414 

.0117 

0.00 

2.4800 

.0076 

2.64 

.11 

2,257 

Nov.,  1802- April,  1898,  . 

86,000 

41 

1.6163 

.0671 

6.70 

.4400 

.0116 

1.80 

.68 

4,500 

May-Oct.,  1803,      . 

88,000 

67 

.8443 

.0486 

7.74 

8.0000 

.0615 

8.60 

.S7 

850 

Not.,  1803-Aprll,  1804, . 

14,000 

48 

.0069 

.0107 

6.24 

2.2400 

.0012 

2.28 

.11 

78 

May- July,  1804,     . 

21,000 

02 

.0663 

* 

.0116 

9.60 

2.6600 

.0008 

2.63 

.11 

72 

Table  showing  Average  BeauUs  of  Analyses  of  Effluent  of  Filler  No.  9A^ly  Six 

Month  Periods. 

[ParU  per  100,000.] 


Quantity 
Applied. 

Gallons 

per  Acre 

Daily 

for  bix  Days 

la  a  Week. 

Tempera- 
ture. 

Deg.  F. 

AMMOmA. 

Chlorine. 

]flTRO«K]l 

AS 

• 

"a 

Oxygen 

Consnmed. 

^1 

PXRIOD. 

• 

1 

• 

• 

s 

• 

Nov.,  1800-April,  1891,  . 

102,000 

40 

1.0666 

.0808 

8.88 

1 

.2800.0088 

1.21 

.17 

1,900 

May-Oct.,  1891, 

116,000 

66 

.0003 

.0168 

10.84 

2.1800  .0185 

2.27 

.17 

490 

Noy.,  1891-April,  1802,  . 

28,000 

42 

1.0481 

.0628 

i  7.74 

.4800.0084 

1.38 

.48 

740 

May-Ocl.,  1892,      . 

86,000 

66 

.1657 

.0107 

b.28 

2.0800 

.0172 

2.21 

.10 

060 

Noy.,  1802-April,  1808,  . 

112,000 

40 

.7742 

.0684 

6.02 

1.1000 

.0047 

1.04 

.61 

24,600 

May-Oct.,  1893,      . 

110,400 

66 

.0410 

.0261 

8.06 

2.8800 

.0017 

2.06 

.10 

1,660 

Noy.,1808-Aprll,1894,  . 

86,000 

40 

1.4418 

.0884 

6.65 

1.8500 

.0142 

8.18 

.66 

20,500 

May-Oct ,  1804,      . 

72,000 

66 

.0006 

.0170 

0.66 

8.6400 

.0007 

8.68 

.14 

402 
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Table  showing  BesuUa  of  Analyses  of  "  Begular"  Sewage  by  Six  Month  Periods. 

[Pttti  per  IOO,OOO.J 


1 

1^ 

Albomimoid 

AMMOaiA. 

Total 

Nitrogen. 

1 

• 

ll 

1^ 

tm     1 

Pbbiod. 

• 

1 

jM.-ilptil,  1868,     . 

.04 

.67 

.18 

1.71 

2.61 

],16.\000 

May  Oet^  1888,       . 

1.97 

.86 

.17 

8.08 

6.83 

^* 

1,158,000 

Not.,  1888-Aprll.  1889,  . 

1.62 

.87 

.19 

1.86 

6.80 

- 

605,000 

May  0«t.,  1880, 

2.12 

.68 

.34 

2.86 

ib04 

- 

857,000 

Nov.,  1860  April,  1800, 

• 

• 

■        « 

1.51 

.63 

.84 

2.27 

4.88 

•• 

488,000 

May^ct.,  1600,       . 

2.06 

.66 

.80 

2.74 

6.06 

8.08 

1,416,000 

Noy.,  1900-April,  1801,  . 

1.63 

.02 

.81 

2.27 

4.73 

2.08 

621,OUO 

May-Oet.,  1801, 

2.02 

.76 

.88 

3.40 

0.00 

3.T0 

880,000 

Nov..  1801- April,  1892,  . 

2.40 

.91 

.38 

8.47 

7.00 

4.88 

816.000 

May  Get.,  1803, 

2.64 

.70 

.82 

8.28 

0.81 

8.88 

733.000 

Noy.,  lS02-April,  1803,  . 

2.40 

.78 

.86 

3.16 

7.24 

4.48 

070,000 

May  .Get.,  1893, 

2.74 

.63 

.26 

8.12 

0.66 

2.68 

851,000 

Nov.,  1893- April,  1804,  . 

2.83 

.65 

.28 

8.80 

6.02 

8.68 

820,P00 

May-Oei.,  1894, 

8.76 

.58 

.24 

4.02 

0.86 

8.04 

1,472,000 

An  exhaustive  study  of  the  results  presented  in  the  foregoing 
table  means,  of  course,  frequent  reference  to  the  individual  results 
and  to  the  corresponding  accounts  of  the  work  of  the  filters.  They 
are  of  importance  in  connection  with  the  study  of  the  quantitative 
and  qualitative  efficiency,  as  well  as  of  the  permanency,  of  sewage 
filters.  But  at  this  time  it  is  the  purpose  to  discuss  the  changes  in 
ccmditions  which  have  taken  place  during  the  investigations,  and 
especially  to  note  the  differences  in  conditions  and  in  results  during 
the  winter  of  1888-89  in  comparison  with  those  of  more  recent 
winters. 


/.     Composilion  of  Sewage. 

The  results  of  analyses  of  sewage  in  the  table  on  the  Inst  page 
show  that  the  free  ammonia  has  increased  more  than  twofold  during 
these  investigations.  With  regard  to  the  albuminoid  ammonia  the 
change  has  been  comparatively  slight,  but  it  is  seen  from  the 
analyses  that  the  amount  of  crude  organic  matter  in  the  secvage 
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during  the  winter  of  1888-^9  was  only  about  one-half  of  the  average 
amount  present  during  the  past  three  winters.  The  fairest  idea  of 
the  relative  strength  of  the  sewage  may  be  obtained  from  the 
amounts  of  total  nitrogen »  which  is  calculated  as  fourteen-seven- 
teenths  of  the  sum  of  the  free  ammonia  and  double  the  albuminoid 
ammonia.  In  this  connection  it  is  instructive  to  consult  the  discus- 
sion on  the  decomposition  of  fresh  sewage  on  page  460. 


//.     Hate  of  Filtration. 

The  tables  of  results  from  the  older  filters  show  that  on  the  whole 
larger  quantities  of  sewage  have  been  applied  during  the  recent  than 
during  the  earlier  years  of  the  investigations.  This  is  especially 
noticeable  upon  examination  of  the  rates  of  filtration  during  the 
winter  of  1888-89,  when  in  the  cai^e  of  some  filters  the  quantities 
of  applied  sewage  were  less  than  half  of  those  of  more  recent  winters. 


///.     Quantitative  Efficiency  expressed  in    Units  of   Uhoxidized 

Organic  Matter. 

The  quantitative  efficiency  of  a  filtering  material  for  the  purifica- 
tion of  sewage,  when  accurately  considered,  should  be  stated  in 
units  of  unoxidized  and  unpurified  organic  matter.  The  reason  of 
this  is  the  marked  variation  in  the  strength  of  sewage,  as  was 
pointed  out  in  the  chapter  on  composition  of  sewage.  Knowing 
that  the  rate  of  filtration  alone  is  inadequate  for  precise  estima- 
tion, it  appears  from  our  present  knowledge  that  the  quantitatiye 
efficiency  can  be  best  stated  in  units  obtained  by  combining  with 
the  rate  of  filtration  the  strength  of  the  sewage. 

Multiplying  the  rate  (in  thousand  gallons  per  acre  daily  for  six 
days  in  a  week)  by  the  total  nitrogen  (in  parts  per  100,000)  of  the 
applied  sewage,  we  have  for  the  several  filters  the  results  presented 
in  the  table  below.  These  results  show  very  clearly  that  the  amount 
of  work  for  the  filters  to  do  in  the  earlier  winters,  and  especially 
that  of  1888-89,  was  much  less  than  that  in  later  ones. 
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TuNe  thowitig  Amount  of  Sewage  applied  to  the  Several  Filters,  by  Six  Month 
Periods,  and  expressed  in  Units  of  Unoxidised  Organic  Matter. 


riLTim  Nofl. 

PftUOO. 

1. 

•• 

4. 

9  A. 

6. 

T. 

•  A. 

Ju.-Aprtl,  1888,     ...••. 

If  ft7-0«t ,  1888, 

Not-,  1888-Apiil,  1889,  .       •       •       •       . 

Nov.,  1889-Aprll,  1800,  .       .       •       •       • 

Hajr-Oel.,  18M, 

Not.,  1800-Aprll,  1801, 

May-Oot ,  1801, 

Not.,  UOl-April,  1802, 

May-Oet.,  1802, 

Not.,  1802- April,  1808, 

May-Oet.,  1803,   ...... 

Not.,  180!t-Aprll,  1804, 

May-Oet.,  1804, 


•2 

70 

70 

- 

02 

68 

182 

78 

70 

- 

186 

68 

128 

48 

28 

- 

66 

18 

188 

04 

67 

- 

128 

43 

125 

100 

68 

- 

111 

68 

225 

178 

00 

- 

168 

88 

2M 

146 

77 

- 

141 

70 

401 

204 

186 

00 

288 

68 

480 

100 

in 

812 

118 

78 

418 

04 

lis 

268 

174 

68 

878 

76 

120 

841 

106 

111 

208 

140 

04 

866 

248 

110 

816 

186 

78 

812 

224 

47 

280 

167 

70 

816 

200 

84 

281 
80 
81 
278 
864 
844 
201 
289 


IV.     QaalUative  Efficiency  expressed  an  the  Percentage  of  Unoxi' 

dized  Nitrogen  removed. 

A  full  account  of  the  work  done  by  a  sewage  filter  demands  a 
comprehensive  statement  of  the  quality  of  the  effluent  as  compared 
with  that  of  the  unpurified  sewage.  It  is  a  matter  of  a  difficult  and 
arbitrary  nature,  in  the  light  of  our  present  knowledge,  to  find  a 
means  of  expressing  the  qualitative  efficiency  of  a  filter  in  which  an 
approximately  correct  value  is  given  to  the  nitrogen  in  the  form  of 
free  ammonia.  The  reason  of  this  is  the  fact  that  free  ammonia 
(present  in  comparatively  large  amounts  in  sewage)  represents  un- 
oxidized  nitrogen,  but  not  nitrogenous  organic  matter,  and  also 
appears  to  l>e  coincident  with  oxidation  of  carbonaceous  matter  re- 
quiring time  and  bacterial  action.  The  fairest  way  of  expressing 
the  degree  of  purification,  so  far  as  concerns  the  amount  of  work 
done,  seems  to  be  the  percentage  which  is  removed  of  the  total  un- 
oxidized  (and  unpurified)  nitrogen. 

The  method  which  is  outlined  above  is  carried  out  for  the  several 
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filters  in  the  first  table  below.  For  the  sake  of  greater  clearness 
several  explanatory  statements  will  be  repeated  with  regard  to  the 
method  of  calculation.  In  the  station  sewage  the  unoxidized  nitro- 
gen corresponds  to  the  total  nitrogen  as,  generally  speaking,  nitrogen 
in  the  form  of  nitrites  and  nitrates  is  absent.  The  total  nitro^cen  is 
present  in  the  free  and  albuminoid  ammonias  from  which  it  is  calcu- 
lated as  fourteen-seventeenths  of  the  sum  of  the  free  ammonia  and 
double  the  albuminoid  ammonia. 

In  the  effluent  the  unoxidized  nitrogen  is  also  present  in  the  form 
of  free  and  albuminoid  ammonias,  and  is  calculated  in  the  same  way 
as  in  the  case  of  sewage.  The  nitrogen  corresponding  to  the  diflfer- 
ence  between  the  unoxidized  nitrogen  of  the  sewage  and  that  of  the 
effluent  exists  in  several  forms.  By  far  the  largest  part  of  it  is  to 
be  found  in  the  effluent  in  the  form  of  nitrates;  the  effluents  fre- 
quently contain  nitrogen  in  the  form  of  nitrites,  but  it  is  rare  that 
the  amount  is  more  than  a  trifling  one.  A  certain  amount  of  the 
nitrogen  of  the  unpurified  sewage  is  stored  in  the  filtering  material. 
In  several  instances  the  stored  nitrogen  in  the  upper  layers  of  filters 
has  been  removed  by  scraping,  as  was  described  in  previous  re- 
ports. The  remainder  of  the  nitrogen,  unaccounted  for  in  the 
effluents,  passes  oS  into  the  atmosphere,  probably  as  nitrogen  gas. 
From  this  explanation  it  is  plain  that  the  percentages  of  unoxidized 
nitrogen  in  the  first  table  below  are  calculated  from,  and  correspond 
to,  the  difierences  in  the  unoxidized  nitrogen  of  the  sewage  and  that 
of  the  effluents. 

For  the  sake  of  comparison  and  as  a  matter  of  reference  there 
are  presented  in  the  second  tiible  beyond  the  percentages  of  the 
crude  organic  matter,  as  indicated  by  the  albuminoid  ammonia, 
which  have  been  removed  by  the  several  filters.  These  results,  like 
those  in  the  first  table,  are  obtained  from  the  difference  in  the 
amounts  present  in  the  sewage  and  the  effluents. 

The  results  in  the  two  following  tables  show  clearly  that  during 
the  past  two  or  three  winters,  when  the  sewage  has  been  stronger 
and  the  rate  of  filtration  higher,  the  percentage  of  removal  of  un- 
oxidized nitrogen  and  of  organic  matter  has  been  less  than  during 
earlier  winters  and  especially  that  of  1888-89. 
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Table  showing  Per  Cent,  of  Uhoxidited  NUrngen  removed  from  Sewage  by  each  of 

the  Several  Fillert,  by  Six  Month  Period*. 


FiLTim  Noa. 

Ftmwm. 

U 

•• 

4. 

9  A. 

6. 

i. 

•  A. 

Jaa.-April,  1888,  . 

78 

86 

90 

-> 

87 

92 

- 

May-Oet..  1888,   . 

98 

94 

86 

- 

99 

96 

- 

Nov.,  1888.April,  1889,  . 

94 

99 

95 

- 

99 

99 

- 

ICty-Oet.,  1889, 

97 

99 

99 

- 

99 

99 

- 

Nov.,  1889-AprU;  1880,  . 

94 

99 

99 

- 

98 

99 

- 

May-Oci.,  1890, 

98 

99 

99 

- 

99 

99 

-1 

Nov.,  ISOO-April,  1891,  . 

78 

90 

96 

- 

87 

79 

60 

ICay^ct.,  1891,   . 

96 

89 

99 

94 

99 

88 

98 

Nov.,  1881-April,  1883,  . 

87 

91 

96 

78 

76 

99 

73 

May-Oct.,  1892, 

99 

78 

78 

79 

98 

98 

96 

Nov..  1892-April,  1898,  . 

66 

94 

97 

67 

70 

67 

81 

Hay-Oct.,  189S, 

97 

94 

96 

98 

98 

88 

98 

Nov.,  1893-April,  1894,  . 

n 

91 

94 

76 

94 

99 

68 

May-Oei..  1894,   .   . 

97 

99 

88 

91 

97 

98 

99 

Table  showitig  Per  Cent,  of  Organic  Matter^  represented  by  Albuminoid  Ammonia, 
removed  from  Sewage  by  each  of  tke  Several  FiUera,  by  Six  Month  Periods, 


Pbuoo. 


FiLTim  Noa. 


!• 


4. 


SA. 


T. 


A. 


Jao.-April,  1888,  .  .  .  . 
Hay^et.,  1888,  •  •  .  • 
Nov.,  1888-April,  1889,  . 

May-Oct.,  1888 

Nov.,  1889-April,  1890,  .       .       . 

May-Oct,  1890 

Nov.,  1890. April,  1891,  . 
Hay^Oct.,  1891,      .       .       .       • 
Nov.,  1891-April,  1892,  . 

Hay-Oet.,  1892 

Nov.,  1802-April,  1893,  . 
Hay-Oet.,  1893,      .       .       .       . 
Nov.,  1893-Aprll,  1894,  . 
May-Oct,  1894,      ...       * 


98 

97 

96 

- 

96 

98 

98 

99 

94 

- 

99 

98 

98 

98 

96 

- 

98 

98 

96 

99 

98 

- 

99 

99 

96 

98 

98 

- 

97 

98 

96 

98 

98 

- 

97 

98 

90 

97 

97 

- 

96 

96 

96 

96 

98 

- 

97 

97 

91 

97 

97 

90 

86 

99 

91 

96 

89 

90 

97 

98 

70 

97 

97 

77 

89 

01 

93 

98 

93 

87 

96 

91 

86 

96 

96 

78 

98 

98 

98 

98 

94 

89 

95 

98 

95 

08 
04 
07 
89 
06 
80 
07 
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V.     Combination  of  Quantitative  and  Qualitative  Efficiencies  of 

Filters  as  shown  in  Sections  III.  and  IV. 

Id  order  to  make  a  complete  comparison  of  work  done  by  filters 
it  is  necessary  to  take  into  consideration  both  their  quantitative  and 
qualitative  efiSciencies.  To  find  a  standard  by  which  this  may  be 
satisfactorily  done  is  a  very  difficult  matter,  owing  to  several  com- 
plications and  to  the  use  of  factors  of  an  arbitrary  nature.  No 
method  which  is  thoroughly  satisfactory  has  occurred  to  us,  and  the 
best  which  we  can  ofier  at  this  time  is  a  combination  of  the  results 
given  in  the  last  two  sections.  It  is  quite  proper  that  the  results 
be  treated  in  this  way  provided  that  it  is  clearly  understood  how  the 
results  were  obtained,  and  the  limitations  in  the  conclusions  which 
may  be  correctly  drawn  from  them.  In  fact,  when  the  five  sections 
are  considered  together  this  (fifth)  one  is  a  logical  step  and  strength- 
ens the  line  of  reasoning  employed  in  this  chapter. 

The  next  table  shows  the  amount  (in  units)  of  unoxidized  nitrogen 
which  has  been  removed  by  the  several  filters  from  sewage.  The 
results  were  calculated  from  the  differences  in  the  ammonias  in  the 
sewage  and  in  the  efBuents.  Thus,  in  the  case  of  Filter  No.  1, 
January  to  April,  18^8,  the  47  units  in  the  next  table  mean  that 
this  amount  [76  per  cent,  (page  523)  of  62  units  (page  521)]  of 
the  total  unoxidized  nitrogen  of  the  applied  sewage  was  removed  by- 
filtration  ;  or,  to  be  more  exact,  the  difference,  15  units,  appeared 
in  the  effluent  as  free  or  albuminoid  ammonia,  and  the  47  units 
represent  the  result  of  nitrification,  storage  and  of  atmospheric  loss. 

In  addition  to  the  necessarily  arbitrary  way  of  handling  the  nitro- 
gen in  the  free  and  albuminoid  ammonias  it  is  to  be  pointed  out  that 
these  results  do  not  show  differences  in  amounts  of  stored  organic 
matter,  or  in  amounts  of  organic  matter  removed  by  scraping,  or 
in  amounts  of  atmospheric  loss ;  neither  do  they  show  in  absolute 
terms  the  amounts  of  organic  matter  remaining  in  the  several 
effluents.  Furthermore,  if  these  results  are  directly  comparable  it 
assumes  that  the  amount  of  organic  matter  in  the  effluent  varies  di- 
rectly with  the  rate  of  filtration.  It  is  possible  that  this  last  assump- 
tion is  mathematically  correct,  but  owing  to  complications  from 
several  factors  we  have  no  conclusive  proof  that  such  is  the  case. 

No  detailed  discussion  is  offered  of  this  table  which,  in  spite  of  its 
shortcomings,  is  interesting  and  instructive  with  regard  to  a  com- 
parison of  the  results  of  recent  winters  with  those  of  earlier  ones. 
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Table  showing  Amount  (in  UniU)  of  Unoxidized  Nitrogen  refnoved  from  Sewage 

by  the  Several  FiUers,  by  Six  Month  Periods. 


Pkxiod. 


FiLTBB  Moa. 


4. 


9  A. 


7, 


•  A. 


Jaa^Aprtl,  1888 

Kfty-Oet,  1888 

For*,  1888-AprU,  1880,  •       .       •       •       • 

lUy-Oei.,  1880, 

Not.*  1880-Aprll,  1800,  •       •       •       .       • 

Mfty-Oet.,  1800 •       . 

Nov.,  1800-ApriU  1801, 

lUj-.Oet^  1801 

Not.,  IWl-April,  1802. 

AUy-Oei.,  1802, 

Nov.,  1802-April,  1808,  •       •       •       .       . 

May-Oet.,  1808, 

Nov  ,  180S- April,  1804, 

Maj-Oet.,  1804 


47 

80 

71 

- 

64 

68 

178 

08 

68 

- 

186 

66 

190 

42 

SO 

- 

66 

18 

180 

OS 

66 

- 

127 

42 

117 

00 

67 

- 

100 

67 

280 

176 

80 

- 

162 

87 

107 

181 

78 

«> 

122 

68 

886 

182 

186 

08 

286 

60 

876 

01 

170 

248 

00 

72 

880 

78 

8S 

204 

160 

67 

242 

71 

116 

220 

187 

68 

280 

182 

80 

881 

286 

00 

SIS 

170 

78 

267 

210 

47 

281 

166 

66 

286 

SOS 

88 

180 

as 

60 
267 
287 
837 
106 
286 


VI.     Temperature. 

At  the  very  outset  of  these  investigations  the  marked  effect  of 
temperature  upon  the  purification  of  sewage  was  noted,  and  each 
year  this  point  has  been  a  subject  of  special  study.  In  each  of  the 
reports  will  be  found  the  results  of  experiments  throwing  light  upon 
this  matter.  During  the  past  year  the  influence  of  temperature  upon 
nitrification  under  some  new  conditions  has  received  considerable 
attention,  as  has  been  described  in  the  chapter  beginning  on  page 
474.  In  this  connection  it  is  also  instructive  to  remember  that  dur- 
ing the  winter  months  the  results  obtained  from  the  in-door  filters 
(Nos.  11-32)  have  been  more  satisfactory  than  those  from  the 
larger  filters,  which  have  been  more  exposed  to  the  cold. 

It  has  lieen  the  custom  to  warm  the  sewage  during  the  winter 
months  so  that  when  applied  it  shall  be  at  about  45^  F.,  which  is, 
approximately,  the  temperature  in  the  sewer.  As  has  been  stated 
several  times,  the  pipe  through  which  the  sewage  passes  from  the 
sewer  to  the  station  lies  on  the  bed  of  the  river  for  a  distance 
of  about  3,000  feet.  To  overcome  the  chilling  thus  received  is  the 
reason  why  the  sewage  is  warmed  at  the  station  before  being  applied 
to  the  filters. 
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With  the  appliances  at  hand  the  temperature  of  the  sewage  has 
been  controlled  with  fair  success  during  the  several  winters,  and, 
speaking  in  general  terms,  this  point  does  not  seem  to  be  a  factor 
in  explaining  the  different  results  obtained  during  the  several  win- 
ters. It  may  be  mentioned,  however,  that  a  study  of  the  individual 
results  will  show  that  on  several  occasions  for  a  day  or  so  at  a  time 
there  has  been  a  marked  variation  in  the  temperature  of  the  applied 


sewage. 


It  id  the  temperature  of  the  air  in  which  there  has  been  the  most 
variation,  as  is  shown  by  the  results  of  observations  made  both  at 
the  station  and  by  the  Essex  Company.  In  the  next  table  is  given 
a  summary  of  the  temperatures  of  the  air  for  the  past  ten  years. 
These  results  show  that  the  temperature  of  the  air  during  the  past 
two  winters  has  been  less  than  during  foimer  ones  and  especially 
that  of  1888-89. 

A  fair  idea  of  the  temperatures  of  the  effluents  during  the  several 
winters  may  be  obtained  from  the  tables  on  pages  515-518.  By 
averaging  these  results  it  will  be  found  that  the  temperature  of  the 
effluents  during  the  winter  of  1888-89  was  about  2^  F.  higher  than 
that  of  the  winters  of  1889-90,  1891-92  and  1893-94 ;  and  about 
3""  F.  higher  than  that  of  the  winters  of  1890-91  and  1892-93. 


Table  shotving  the  Temperature  of  the  Air  at  Lawrence  *  by  Months^  1885-1894^ 

obtained  by  averaging  the  Mean  Maximum  and  Mean  Minimum  Temperatures 

for  each  Day, 

[DegreM  F.] 


issa. 

1SS6. 

1SS7. 

18M. 

ISS*. 

1S*0. 

1S*1. 

18M. 

1S9S. 

18M. 

January, 

23.85 

23.09 

20.80 

15.46 

81.88 

28.68 

26.74 

25.02 

16.85 

85.82 

February,    . 

18.82 

28.08 

25.02 

28.68 

22.29 

80.14 

28.57 

26.06 

23.73 

22.  IT 

March, .       .       . 

20.66 

81.78 

29.88 

20.76 

86.08 

82.24 

81.86 

81.88 

31.80 

40.34 

April,  .       .       . 

47.89 

49.64 

42.58 

40.94 

48.74 

45.50 

48.44 

47.97 

48.52 

46.74 

May,     .       .       . 

66.87 

57.45 

60.60 

54.68 

61.87 

68.89 

57.08 

57.39 

56.80 

68.61 

Jane,    . 

0».37 

65.07 

65.85 

67.46 

60.12 

64.92 

66.45 

71.15 

66.45 

68.88 

July,     . 

75.26 

71.72 

74.52 

69.60 

71.22 

72.16 

70.87 

75.06 

71.24 

73.87 

Aaguat, 

6B.02 

68.91 

65.44 

60.49 

67.98 

69.76 

71.64 

60.70 

60.84 

60.00 

September,  • 

60.15 

61.75 

55.79 

68.82 

62.78 

6i.n 

68.85 

61.52 

58.55 

64.05 

October, 

50.49 

49.32 

47.58 

44.80 

46.40 

^48. 62 

49.61 

50.23 

58.52 

61.87 

November,  • 

41.50 

89.27 

37.74 

39.85 

41.09 

37.47 

89.83 

87.67 

38.66 

34.90 

December,   . 

29.10 

24.42 

28.21 

29.88 

38.45 

21.08 

36.88 

26.11 

25.61 

27.00 

*  These  obeervatloae  wore  made  by  the  Seeez  Compaoy. 
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VI L     Protection  of  (lie  Surface  of  Sewage  Filters. 

The  experieDce  of  the  first  winter  showed  plainly  that  considerable 
difficulty  attended  the  application,  daring  severe  winter  weather,  ot 
sewage  to  filters  with  smooth  surfaces  and  with  no  protection  from 
the  weather.  During  the  second  winter  (1888-89)  the  surfaces 
were  covered  with  canvas  or  with  boanls.  This  was  also  the  case 
during  the  next  winter,  but  since  that  time  some  of  the  filters  have 
been  left  uncovered,  as  will  be  seen  from  the  following  summary 
of  the  detailed  notes  presented  on  pages  497-505.  Filter  No.  7 
does  not  appear  here,  because  for  the  greater  part  of  the  time  the 
sewage  was  applied  to  the  sub-surface;  Filters  No.  5 A  and  9 A 
were  not  constructed  until  about  the  middle  of  the  period  covered 
by  these  investigations. 


WiarrKK. 

KUMBBt  OF  FlLTKR. 

1. 

%• 

4. 

a  A. 

6. 

•  A. 

1887-88, 

1888-89, 

1880-00, 

1890-01. 

1801-08, 

180^^                .        . 

1803-04, 

Uncovered. 

Canvas. 

Canvas. 

Uncovered. 

Uncovered. 

Uncovered. 

Uncovered. 

Uncovered. 

Canvas. 

Canvas. 

Uncovered. 

Canvas. 

Canvas. 

Boards  over 
trenches. 

Uncovered. 

Boards  over 
trenches. 
Canvas. 

Unoovered. 

Boards  over 
trenches. 
Canvas. 

Boards  over 
trenches. 

Uncovered. 
Uncovered. 
Uncovered. 

Uocovered. 

Canvas. 

Canvas. 

Uncovered. 

Canvas. 

Uncovered. 

Canvas. 

Unoovered. 
Uncovered. 
Canvas. 
Uncovered. 

The  covers  were  not  in  all  cases  put  on  at  the  beginning  of  cold 
weather,  and  in  making  a  detailed  study  of  the  results  it  will  be 
necessary  to  consult  the  original  references  or  the  summary  of  them 
already  referred  to.  Experience  has  clearly  shown  that  this  pro- 
tection of  the  surfaces  has  a  beneficial  effect,  because  it  prevents,  to 
a  considerable  extent,  the  formation  of  frost  in  the  sand,  and  thereby 
aids  materially  in  the  prevention  of  a  diminution  in  the  activity  of 
the  nitrifying  organisms.  The  prevention  of  frost,  in  the  case  of 
filters  of  coarse  material,  is  of  marked  advantage,  for  the  reason  that 
the  tendency  toward  unequal  passage  of  sewage  through  the  filter  is 
much  less,  as  is  pointed  out  in  the  next  section. 

It  is  to  be  noted  here  that  snow  has  been  removed  in  all  cases 
from  the  surface  of  the  filters. 
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VIII.     Disturbance  of  Surface  Layers  of  Filters  with  regard  to 
Uniformity  of  Passage  of  Sewage  through  the  Filtering  Area. 

Under  this  topic  there  are  two  points  to  which  it  is  desired  to  call 
attention :  first,  the  disturbances  of  the  surface  layers  during  the 
cold  season,  when  it  has  been  the  custom  to  make  and  record  obser- 
vations on  the  depths  of  frost,  etc. ;  and,  second,  those  disturbances 
which  have  been  made,  usually  during  warmer  weather,  whereby 
surface  clogging  and  stratification  have  been  removed. 

Up  to  Jan.  1,  1894,  it  was  customary,  during  the  winter  months, 
to  pick  holes  in  the  surface  of  the  sewage  filters  in  order  to  meas- 
ure the  depth  of  frost  and  to  aid  the  passage  of  sewage  through  the 
filters.  Since  that  time  this  custom  has  been  abandoned,  and  it 
id  believed  that  it  is  a  distinct  gain  so  far  as  the  filters  of  coarse 
material  are  concerned,  because  in  its  absence  the  passage  of  the 
sewage  is  more  uniform.  Its  influence  upon  the  filters  of  fine 
material  is  inappreciable,  owing  to  the  relatively  large  amount  of 
sewage  held  by  capillarity  in  the  pores  of  the  material.  In  the 
winters  of  1888-89  and  1889-90  this  was  not  such  a  prominent 
factor  as  it  has  been  in  later  winters,  owing  to  the  fact  that  at  that 
time  more  of  the  filters  were  covered  and  the  amount  of  work  for 
them  to  do  was  much  less. 

Concerning  the  second  point  under  this  topic,  that  of  disturbances 
of  surface  to  break  up  clogging  and  stratification,  it  will  be  recalled 
that  during  the  first  two  years  of  these  investigations  the  amount  of 
organic  and  other  matters  stored  in  the  upper  layers  of  the  filters 
was  so  slight  that  excellent  results,  under  the  existing  conditions, 
were  obtained  in  the  absence  of  any  systematic  or  marked  dis- 
turbances of  the  surface.  Beginning  in  1890  it  was  found  to  be 
necessary  to  rake  the  surfaces  of  the  filters  at  frequent  intervals ; 
and  later  the  upper  portions  were  disturbed  for  the  sake  of  removing 
stratified  layers.  Occasionally,  with  the  view  to  lessen  the  amount 
of  stored  organic  matter,  the  filters  have  been  spaded  over  corre- 
sponding to  ploughing.  One  of  the  chief  objects  of  these  lines  of 
treatment  was  to  allow  the  entrance  of  more  air  into  the  pores  of  the 
filters,  and  in  this  respect  these  disturbances  of  the  upper  layers 
have  been  very  successful.  Another  result  of  this  treatment  has 
been  to  make  the  coarser  filters  much  more  porous  for  a  time,  and 
to  allow  the  sewage  to  pass  through  the  filter  in  limited  areas.  In 
the  case  of  some  filters  this  has  been  very  noticeable  at  times  during 
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the  latter  pert  of  the  investigfltions,  and  in  some  instances  the  pas- 
sage of  the  sewage  through  the  filter  haa  been  too  rapid  to  be  con- 
sieitcnt  with  satislactory  purification.  This  is  well  illustrated  in  the 
case  of  Filter  No.  5  A,  as  will  be  found  beyond  in  the  detailed 
account  of  the  work  of  the  filters. 

The  effect  upon  the  quality  of  the  effluent  of  differences  in  the 
rate  at  which  it  flows  from  the  filter  has  recently  been  quite  marked 
in  the  caee  of  Altera  of  coarse  material  during  the  winter  months. 
This  is  brought  out  clearly  by  the  results  in  the  next  table,  which 
also  shows  that  the  quality  of  the  effluent  of  fine  filters  is  indepen- 
dent of  the  rate  at  which  the  effluent  flows  from  the  filter.  The 
word  maximum  is  used  for  convenience  in  distinction  from  minimum, 
but  it  really  means  a  comparatively  high  mt«  at  which  it  has  been 
learned  that  there  may  be  collected  a  sample  which  will  be  repre- 
sentative of  the  entire  flow,  so  far  as  quality  is  concerned. 

Comparison  of  these  results  with  corresponding  ones  for  former 
ycnrs,  as  presented  in  the  special  report  for  1890  and  the  annual 
report  for  1891,  indicates  that  in  the  case  of  the  filters  of  coarse 
material  the  increased  porosity  has  caused  a  diminution  in  the 
quality  of  the  effluent. 

Table  showing  SesttUt  of  AiMlyoet  of  Sampks  of  Effiuent  repretenting  Different 

PoHiom  of  the  Daily  Flow  of  the  Hevcrat  FxUert. 

Filttr  No.  1. 

[Pini  pat  100,000.] 


NITI04HAI 

\ 

I 

(! 

1 

1 

w 

.n*8 
.owo 

11 

l.UOO 

1  t.ieuo 

I.NOO 

!mw 

' :" 

101,340 
iltOO 

»7 

NOH. 

,M 

.«M0 

.nm 

*M 

a.iioo 

w 

" 

UloliBDm. 

M 

b.i« 

'•■" 

.OIOU 

..i 

IM 

Ft 

Utr 

Ko.  4. 

,j 

im 

" 

■■" 

■""r 

.MUO    .U00« 



530 


STA.TE  BOARD   OF  HEALTH.         [Pub.  Doc. 


Table  showing  Results  of  Analyses  of  Samples  of  Effluent  representing  Different 
Portions  of  the  Daily  Flow  of  the  Several  Fitters  —  Coocladed. 

Filter  No,  o  A. 
[Parts  per  100,000.] 


ArrBAiAJioa. 

AllMOVU. 

MITIOOKM  AS 

1    ^1 

Tempera- 

1 

II 

Datk  — 

Period  of 

ture. 

• 

I»91. 

Plow. 

^ 

^ 

1 

• 

_o 

eg 

Deg  r. 

2 

» 

AS 

a 

s 

B 
9 

"CO 

s 

1 

i 

1 

1 

s 

« 

& 

U 



Maximum. 

87 

o 

h 

< 

O 

^ 

as 

c 

a 

Janatry,    . 

Deeided. 

.72 

1.4440 

.2332 

6.71 

1.2000 

.2620 

1.16 

420.400 

Mloimum. 

87 

V.eti«ht. 

.25 

.7440 

.0752 

6.09 

2.7100 

.0078 

.38 

46,420 

Febmaryp  . 

Maximum. 

87 

Decided. 

.43 

.7326 

.1062 

6.87 

1.0700 

.0009 

.71 

104,626 

Minimum. 

87 

V.ellgbt. 

.12 

.390U 

.0403 

6.71 

i 

3.4700 

.0043 

.27 

1,530 

FiU4fr  No.  6. 


January,    . 

Maximum. 

88 

V.sHicht. 

1 
.22 

.1686 

.0640 

6.82 

2.0000 

.6000 

.67 

8.880 

<4 

■ 

Mloimum. 

88 

V.slltfht. 

.18 

.1044 

.0466 

6.09 

1.6800 

.6300 

.66 

1,510 

Tebniary, . 

Maximum. 

88 

V.wllghfc. 

.20 

.0034 

.0610 

6.03 

1.8200 

.2175 

A% 

6,060 

It 

Minimum. 

88 

V.sligbt. 

.16 

.1207 

.0118 

6.44 

1.7800 

.2700 

1 

.87 

tIM 

Filter  No.  9  A. 


January,    . 
•t 

February,  . 


Maximum. 
Minimum, 
liaxiraum. 
Minimum. 


87 
86 
86 
86 


Slight. 
dligh(. 
Deeided. 
V.sllgtit. 


.36 
.30 
.66 
.31 


1.6680 
1.6267 
1.8680 
1.1667 


.0702 
.0640 
.1080 
.0683 


6.72 
6.42 
6.64 
6.27 


1.7100 
2.0200 
I.IOOU 
1.6000 


.0180 
.0163 
.0200 
.0022 


.40 
.36 
.70 
.86 


26,000 
10,620 
46,800 
20,330 


Conclusions  as  to  the  Relative  Efficiency  of  the  Filters  during  the 
Winter-  of  1888-89  and  that  of  Later  Ones. 

Taking  the  several  factors  given  above  and  applying  them  to  each 
filter  we  may  conclude  that  the  deterioration  daring  the  later  winters 
in  the  quality  of  effluent  has  been  due  to  the  following  causes  :  — 

1.  To  the  higher  rate  of  filtration. 

2.  To  the  increased  strength  of  the  applied  sewage. 

3.  To  the  lessened  protection  from  winter  weather,  causing  a 
diminution  in  the  activity  of  the  nitrifying  organisms. 

4.  To  the  less  uniform  passage  of  the  sewage  through  the  ma- 
terial in  the  case  of  the  coarser  filters. 


General  Summary. 

The  purification  of  sewage  during  winter  weather  has  received 
considerable  attention  in  the  reports  for  the  past  three  years.  New 
light  has  been  obtained  during  the  past  year,  and  we  may  sum  up 
our  present  knowledge  as  follows  :  — 
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1.  In  Massachusetts  the  qaalitative  efficiency  of  sewage  filters 
may  be  less  in  winter,  owing  chiefly  to  inactivity  of  micro^organi^^ms 
caused  by  exposure  to  low  temperature ;  and  from  our  present 
knowledge  it  does  not  appear  advisable  to  allow  filters  exposed  to 
the  weather  to  rest  in  winter,  even  for  limited  periods.  In  this 
connection  it  should  be  remembered  that  resting  during  the  month 
of  November  (mean  temperature  34.9^  F.)  was  found  to  be  too 
long  in  the  case  of  Filters  Nos.  1,  6  and  9  A. 

2.  Qualitative  deterioration  is  a  serious  matter  in  winter,  because 
when  a  period  of  biological  reconstruction  is  necessary,  nitrification 
cannot  become  promptly  re-established,  as  is  the  case  in  summer, 
but  requires  a  period  of  several  weeks  and  possibly  months. 

3.  While  nitrification  cannot  be  readily  re-established  in  winter, 
it  has  been  learned  that  in  those  cases  where  this  process  was  in  a 
satisfactory  state  at  the  beginning  of  the  winter  it  could,  by  proper 
treatment,  be  preserved  during  the  cold  season. 

4.  Frost,  in  the  interstices  of  sewage  filters,  reduces  their  quan- 
titative as  welt  as  the  qualitative  efficiency. 

5.  The  warmer  the  sewage  (within  limits)  the  better  are  the 
results,  both  qualitatively  and  quantitatively,  owing  to  the  less 
likelihood  of  frost  and  its  more  ready  removal  if  it  does  occur. 
In  the  account  of  Filter  No.  11  it  will  be  found  that  sewage  may 
be  safely  applied  to  filters  if  heated  to  a  temperature  of  100^  F., 
bat  that  the  biological  processes  are  interfered  with  when  the  ap- 
plied sewage  has  a  temperature  of  150°  F. 

6.  The  less  exposure  to  cold  winter  weather  which  the  surface  of 
the  filter  undergoes  the  greater  the  number  of  heat  units  saved  and 
the  better  will  be  the  results,  both  quantitatively  and  qualitatively. 

7.  The  application  of  sewage  to  limited  portions,  such  as  trenches, 
in  the  case  of  filters  of  fine  material,  concentrates  the  heat,  thereby 
aiding  in  preserving  the  biological  processes  and  in  maintaining  the 
qualitative  efficiency. 

8.  In  the  case  of  experimental  filters  of  coarse  material  thoroughly 
underdrained,  poor  results  during  the  winter  follow  the  application 
of  sewage  to  limited  portions,  owing  to  the  rapid  and  irregular  pas- 
sage through  the  filter. 

9.  The  composition  of  sewage,  and  particularly  the  amount  of 
sludge  applied  to  filters,  is  a  much  more  marked  factor  in  winter  than 
in  summer,  even  in  the  case  of  experimental  filters  where  especial 
lines  of  treatment  to  keep  the  filters  in  operation  are  feasible. 
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Comparison  of  Conditions  or  Exfertmental  Filtration  with 

THOSE  IN  Actual  Practice. 

During  the  past  two  years  frequent  visits  have  been  made  by  the 
writer  to  the  sewage  purification  plants  at  Framingham,  Marlborough 
and  Gardner ;  and  the  most  important  of  the  remaining  sewage  dis- 
posal  works  in  Massachusetts  have  been  occasionally  inspected. 
An  account  of  the  work  of  sewage  filters  in  actual  operation  in 
Massachusetts  will  be  found  beyond.  In  this  connection  a  com- 
parison is  given  of  the  conditions  in  actual  practice  with  those  of 
the  experimental  Lawrence  filters,  as  follows :  — 

/.     Strength  of  Sewage. 

The  strength  of  the  Lawrence  sewage  as  pumped  at  the  station  is 
such  that  the  Lawrence  results  may  be  fairly  considered  to  be  repre- 
sentative, so  far  as  the  sewages  from  Massachusetts  cities  and  towns 
are  concerned,  as  was  pointed  out  in  the  1893  Report,  page  409. 
In  fact  it  is  stronger  than  any  which  has  been  regularly  examined. 

//.     State  of  Decomposition  of  Sewage. 

With  regard  to  the  composition  of  the  Lawrence  sewage  it  may 
also  be  noted  that  it  is  somewhat  more  decomposed  than  in  the  case 
of  several  of  the  sewages  found  at  dififerent  places  throughout  the 
State.  This  is  caused  by  bacterial  action  during  the  interval  of  time 
which  elapses  during  the  passage  of  the  sewage  to  the  station,  —  a 
condition  which  would  exist  in  sewage  disposal  works  on  a  large 
scale,  where  the  filter  field  is  several  miles  distant  from  the  lateral 
sewers,  or  where  the  sewage  passes  through  a  settling  tank. 

///.     Temperature. 

The  temperature  of  the  sewage  at  Lawrence  during  the  winter 
months  may  be  considered  normally  to  be  about  45°  F.  At  Fram- 
ingham  the  temperature  of  the  sewage  in  winter  is  48°  to  50°  F.» 
while  at  Marlborough  and  at  Gardner  the  temperature  ranges  ordi- 
narily from  38°  to  42°  F.  From  our  present  knowledge  it  appears 
that  the  temperature  of  the  Lawrence  sewage  is  approximately  nor- 
mal during  the  winter  except  in  those  •  cases  where  there  is  an 
unusually  large  amount  of  surface  water  or  ground  water  entering 
the  sewers.  The  temperature  of  the  air  and  of  the  soil,  etc.,  does 
not  differ  essentially  in  experimental  conditions  from  those  in  actual 
practice. 
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IV.     Size  of  Filters  and  of  Materials. 

With  experimental  filters  of  the  size  of  those  at  Lawrence  it  is  fair 
to  say  that  the  results  obtained  from  them  serve  us  as  a  reliable 
guide,  so  far  as  the  size  of  the  filtering  materials  studied  is  concerned. 

V.     Distribution  of  Sewage. 

The  distribution  of  the  sewage  upon  the  filters,  in  many  cases 
in  actual  practice,  is  not  taken  into  consideration  with  sufficient  care 
and  is  often  less  efifectively  accomplished  than  is  the  case  at  Law- 
rence. The  excellent  distribution  of  sewage  at  Framingham,  how- 
ever, shows  clearly  that  this  may  be  carried  out  on  a  large  scale  as 
well  as  is  done  at  the  Experiment  Station. 

VI.     Lateral  Filtration  and  Arrangement  of  Under-drains. 

In  the  case  of  the  experimental  filters  at  Lawrence,  each  one  of 
them,  except  Filter  No.  10,  is  completely  underdrained  by  layers 
of  stone  and  gravel.  In  those  cases  of  fine  material  in  which  there 
are  saturated  layers  above  the  under-drains,  the  conditions  corre- 
spond very  fairly  to  those  in  actual  practice  in  which  the  material 
would  be  less  completely  drained. 

It  is  with  filters  of  coarse  material  in  which  the  experimental  con- 
ditions would  differ  considerably  from  those  in  actual  practice.  In 
the  experimental  filters  with  under-drains  beneath  the  entire  body  of 
sand  the  sewage  passes  through  the  material  so  quickly  that  under 
some  conditions  full  purification  is  not  accomplished.  Whereas,  in 
actual  practice,  with  this  same  material  and  with  under-drains  many 
feet  distant  from  each  other  the  passage  of  the  sewage  through  the 
greater  bulk  of  the  material  would  be  much  slower,  and  a  better 
opportunity  would  be  presented  for  the  bacteria  to  convert  the 
organic  matter  to  harmless  mineral  matter.  This  point  is  well 
brought  out  (in  a  subsequent  portion  of  this  volume)  by  comparing 
the  quality  of  the  Framingham  effluent  obtained  at  the  under-drain 
with  that  obtained  at  the  spring. 

It  is  during  the  winter  months  that  the  absence  of  lateral  filtration 
in  the  case  of  experimental  filters  exerts  its  most  marked  influence, 
as  has  been  already  stated  in  explaining  the  relative  deterioration 
of  tho  quality  of  the  effluents  from  the  coarser  Lawrence  filters 
during  the  winter  months. 
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VIL     Surface  Treatment  of  Sewage  Filters. 

The  three  most  prominent  lines  of  treatment  which  have  been 
practised  in  the  case  of  the  Lawrence  experimental  filters  —  raking^ 
scraping  and  spading  (corresponding  to  ploughing)  —  are  all  capable 
of  ready  application  on  a  large  scale.  The  two  methods,  raking  and 
spading,  which  have  been  found  to  be  most  advantageous,  are  capable 
of  inexpensive  application  in  the  case  of  filter  fields  by  the  aid  of  the 
harrow  and  the  plough. 

With  regard  to  the  construction  of  trenches  of  coarse  sand  in 
filters  of  fine  material  there  is  reason  to  believe  that  this  would  be  a 
decided  advantage  in  some  instances  on  a  large  scale,  as  has  been 
the  case  with  Filters  Nos.  2  and  4. 

The  remaining  point  of  importance  concerns  the  protection  of  the 
surface  of  filters  during  cold  weather.  Owing  to  the  marked  in- 
fluence of  temperature  upon  the  process  of  nitrification  there  is  no 
doubt  but  that  it  has  been  an  advantage  to  protect  the  experimental 
filters  by  means  of  canvas  covers.  From  the  experience  at  Framing- 
ham  and  Marlborough  it  appears  that  similar  results  on  a  large  scale 
may  be  obtained  by  arranging  the  surface  in  alternate  ridges  and 
trenches.  As  has  been  stated  in  previous  reports  the  trenches  to 
which  the  sewage  is  applied  are  soon  roofed  by  snow  and  ice,  and 
in  this  way  the  portions  of  the  material  in  which  the  purification 
takes  place  are  protected  from  the  winter  weather,  and  the  biological 
processes  are  preserved. 

VIII.     Effect  of  Winter  Weather. 

It  has  been  pointed  out  that  in  order  to  obtain  the  best  results  in 
winter  it  is  necessary  to  have  the  process  of  nitrification  thoroughly 
established  at  the  beginning  of  cold  weather,  to  have  the  surface 
layers  porous,  and  to  take  all  practicable  means  to  keep  a  high 
temperature  and  plenty  of  air  in  the  filters,  which  must  receive  sys- 
tematic treatment  without  too  long  an  interval  of  rest. 

So  far  as  the  completeness  of  nitrification  and  the  porosity  of  fil- 
ters in  the  late  fall  are  concerned  this  can  be  done  as  well,  under 
ordinary  circumstances,  on  a  large  as  on  an  experimental  scale. 
With  regard  to  the  general  operation  during  the  winter  the  only 
point  of  importance  to  note  is  that  when  the  rate  of  filtration  is 
high  the  experimental  filters  have  been  kept  porous  in  some  in- 
stances by  treatment  which  would  be  very  expensive  on  a  large 
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scale ;  and  it  would  probably  be  more  economical  as  a  general  rule 
to  reduce  the  rate  of  filtration  and  increase  the  filtering  area.  By 
means  of  picking  holes  in  the  surface  of  the  experimental  filters  it 
has  been  the  quantitative  and  not  the  qualitative  efficiency  which  has 
been  increased.  When  the  process  of  nitrification  has  become  de- 
stroyed, or  practically  so,  during  the  winter  months  it  is  impossible 
by  ordinary  means  to  re-establish  thorough  purification  in  either 
experimental  filters  or  those  in  actual  practice  until  warmer  weather 
comes  in  the  spring. 

IX.    Limitations  of  Uxperimental  FUtera  and  of  Filter  Fields  in 

the  Purification  of  Sewage. 

From  what  has  already  been  said  in  the  last  50  pages  of  this  dis- 
cussion it  is  obvious  that  the  capacity  of  a  filter  plant,  experimental 
or  otherwise,  is  determined  by  the  amount  of  sewage  which  it  can 
purify  during  the  winter  months.  Two  reasons  for  this  are,  the 
diminution  in  the  activity  of  the  nitrifying  organisms,  and  the 
difficulty  in  keeping  the  surface  porous  so  that  sufficient  air  may 
enter  the  pores  of  the  filter*  All  things  taken  into  consideration 
it  is  believed  that,  as  a  general  rule,  the  conditions  under  which  the 
experimental  results  at  Lawrence  have  been  obtained  are  for  the  most 
part  capable  of  adoption  on  a  large  scale  in  Massachusetts  at  a  mod- 
erate cost. 

It  may  be  added  here  that  all  practicable  means  of  removal  of 
sludge  from  sewage,  and  of  increase  in  the  temperature,  are  advis- 
able. 

Filtration  through  Coke. 

Filter  No.  ^^^.  —  This  filter  was  filled  March  19  with  5  feet  in 
depth  of  fine  coke  breeze  (screenings  from  commercial  coke).  The 
rate  of  filtration  was  240,000  gallons  per  acre  up  to  November  5, 
when  it  was  increased  to  360,000  per  acre  daily  for  six  days  in  the 
week.  The  surface  was  raked  1  inch  deep  once  a  week  from  April 
17  to  June  1,  after  which  it  has  been  raked  3  inches  daily.  On 
April  3  about  one-half  inch  was  scraped  from  the  surface,  and  3 
inches  more  were  removed  from  the  surface  on  November  14.  The 
total  depth  removed  up  to  January  1  was  3.5  inches,  which  is  equiv- 
alent to  8.3  cubic  yards  per  million  gallons  filtered.  The  average 
rate  up  to  January  1  was  260,000  gallons  per  acre  daily  for  six  days 
in  the  week,  and  the  average  removal  of  organic  matter  (albuminoid 
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ammonia)  and  bacteria  from  the  applied  sewage  has  been  95  per 
cent,  and  98  per  cent,  respectively. 

These  results  indicate  that  in  places  where  sand  is  not  readily 
available  a  good  substitute  may  be  had  in  coke,  which  serves  as  a 
satisfactory  nidus  for  the  oxidizing  and  nitrifying  processes.  The 
greater  porosity  of  the  coke  appears  to  be  an  advantage,  for  the  rate 
of  filtration  has  thus  far  been  higher  than  has  been  obtained  with 
sand  under  similar  circumstances.  One  of  the  chief  points  in  favor 
of  coke,  moreover,  is  that  the  portion  scraped  from  the  surface  has 
not  lost  its  value  for  fuel  purposes,  and  the  principal  object  hereafter 
of  the  present  experiment  will  be  to  learn  at  how  high  a  rate  of  fil- 
tration a  well  purified  effluent  may  be  obtained  from  a  coke  filter, 
the  surface  of  which  is  systematically  scraped. 

Rapid  Filtration  of  Sewage  from  which  Sludge  has  been 

removed  by  different  methods. 

It  is  the  sludge  in  sewage  which  causes  the  most  trouble  with 
respect  to  clogging,  and  interferes  most  seriously  with  the  efficiency 
and  permanency  of  filters.  This  is  especially  true  in  the  case  of  land 
treatment  during  the  winter  months,  as  was  referred  to  on  page  531. 
The  filtration  of  sewage  after  a  preliminary  removal  of  sludge  was 
considered  in  the  last  report,  and  experiments  have  been  continued 
with  the  use  of  the  following  methods  of  removal :  — 

1.  Rapid  filtration  through  coarse  gravel,  with  the  aid  of  a  cur- 
rent of  air  drawn  downward  through  the  gravel. 

2.  Chemical  precipitation. 

3.  Sedimentation. 

4.  Mechanical  devices,  of  which  straining  through  coke  has  been 
found  to  be  the  most  satisfactory. 

1.  Filters  Nbs.  IS  B  and  16  B.  —  These  filters  with  trapped  out- 
lets contain  gravel  stones  65  inches  in  depth,  of  an  efi*ective  size  of 
5.1  millimeters.  They  have  been  in  operation  since  July  25,  1892. 
It  was  noted  in  the  last  report  that  there  was  a  leak  in  the  outlet 
toward  the  close  of  1893  which  prevented  perfect  aeration  by  means 
of  the  aspirator.  This  caused  clogging  to  such  an  extent  that  it  was 
not  overcome  by  spading  to  the  depth  of  1  foot,  and  on  February 
23  Filter  No.  15  B  was  flushed  out  by  applying  city  water  under 
pressure  from  below.  Flushing  was  also  tried  on  Filter  No.  16  B, 
but  did  not  remedy  the  trouble,  so  on  March  24  the  gravel  was  taken 
out  and  washed  with  water  from  the  hose.     Since  this  time  both 
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filters  have  done  satisfactory  work  at  the  rate  of  480,000  gallons  per 
acre  daily  for  six  days  in  a  week.  The  surface  of  each  filter  has  been 
raked  3  inches  deep  once  a  week  except  during  the  month  of  March. 

In  July  and  August  considerable  suspended  matter  appeared  in 
the  effluent  of  No.  15  B,  apparently  due  in  part  to  the  current  of  air 
which  was  constantly  drawn  downward  through  the  material  at  the  rate 
of  about  one  gallon  in  four  minutes.  Beginning  September  1  both 
filters  have  been  aerated  only  at  night,  for  about  twelve  hours  daily, 
and  better  results  from  No.  15  B  have  followed.  At  the  close  of 
the  year  both  filters  were  doing  good  work,  but  No.  15  B  showed 
some  signs  of  clogging.     The  results  are  summarized  beyond. 

Filter  No.  21  A.  — This  filter  originally  contained  5  feet  in  depth 
of  fine  screened  gravel  like  that  in  Filter  No.  5  A,  having  an  effective 
size  of  1.6  millimeters.  It  has  filtered  sewage  since  March  19  at  an 
average  rate  of  467,000  gallons  per  acre  daily  for  six  days  in  the 
week.  The  sewage  has  been  applied  in  twelve  doses  of  equal  size 
at  intervals  of  half  an  hour.  Until  August  1  the  faucet  on  the  out- 
let was  closed  during  the  day  while  the  filter  was  being  filled,  and 
opened  late  in  the  afternoon,  so  that  the  sewage  would  drain  out 
during  the  night  at  a  rate  not  exceeding  2,000,000  gallons  per  acre 
daily.  The  outlet  was  trapped,  and  after  August  1  the  faucet  has 
been  kept  constantly  open.  The  frequent  dosing  caused  consider- 
able ventilation  during  the  day,  which,  with  a  period  of  rest  at 
night,  enabled  nitrification  to  become  established.  The  rate,  bow- 
ever,  was  too  high  for  the  degree  of  aeration,  and  beginning  July  7 
the  filter  has  bad  a  current  of  air  drawn  downward  through  it  for  ten 
to  twelve  hours  each  night  at  a  rate  of  about  one  gallon  in  four  minutes. 
This  makes  the  experiment,  with  the  exception  of  the  size  of  the  ma- 
terial, similar  to  those  of  Filters  Nos.  15  B  and  16  B.  The  surface 
was  raked  1  inch  weekly  from  April  17  to  June  1,  after  which  it  has 
been  raked  3  inches  deep  daily  with  the  exception  of  August  6  and 
December  1,  when  it  was  spaded  over  6  and  8  inches,  respectively. 
The  surface  was  scraped  thirty-five  times,  June  7  to  December  31, 
an  average  of  once  in  six  days.  The  average  depth  removed  has 
been  0.18  of  an  inch,  which  is  equivalent  to  8  cubic  yards  per 
1,000,000  gallons  filtered.  The  rate  appears  to  be  too  high  to  be 
permanently  maintained,  and  it  was  necessary  to  allow  the  filter  to 
rest  during  the  first  week  in  December. 

2.  Chemical  Precipitation.  —  Sludge  has  been  removed  from 
sewage  by  treatment  with  sulphate  of  alumina  at  the  rate  of  1,000 
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pounds  per  1,000,000  gallons,  and  the  sewage  allowed  to  settle  for 
four  hours.     The  results  are  presented  beyond. 

3.  Sedimentation.  —  Sludge  has  also  been  removed  from  sewage 
by  allowing  it  to  settle  for  four  houV^,  with  the  results  given  below. 

4.  Straining  through  Coke.  —  Beginning  in  June,  sewage  has 
been  passed  through  coke  supported  by  a  thin  layer  of  fine  gravel. 
The  depth  of  coke  has  varied  from  1.5  to  8  inches,  of  which  the 
latter  depth  is  more  satisfactory.  The  sewage  has  been  allowed  to 
pass  through  without  any  throttling  at  the  outlet,  and  the  surface  id 
kept  covered  during  the  day,  but  allowed. to  uncover  during  the 
latter  part  of  the  night.  The  removal  of  clogged  coke  has  been 
equivalent  to  about  5  cubic  yards  per  1,000,000  gallons  treated. 

In  the  table  below,  comparison  is  given  of  the  removal  of  sludge 
by  each  of  the  four  methods  outlined.  For  a  more  complete  descrip- 
tion of  these  methods  reference  is  made  to  pages  454,  455  and  456. 

Table  showing  Purification  of  Sewctge  by  Different  Methods  to  remove  Sludge. 
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Of  these  results,  those  obtained  by  rapid  filtration  are  best,  and 
they  have  the  additional  advantage  of  disposing  of  the  sludge  to  a 
great  extent,  thereby  avoiding  a  serious  problem  met  with  in  pre- 
cipitation and  in  sedimentation.  The  results  obtained  thus  far  from 
Filter  No.  21  A  are  the  best,  in  some  respects,  of  those  yet  obtained 
at  the  station.  It  will  be  noticed  also  that  very  satisfactory  results 
have  been  obtained  by  the  use  of  coke  as  a  strainer,  and  it  should 
also  be  borne  in  mind  that  this  treatment  also  disposes  of  the  sludge 
question  more  satisfactorily  than  by  methods  Nos.  2  and  3,  owing 
to  the  availability  of  the  coke,  after  use,  for  fuel  purposes. 
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In  connection  with  land  treatment  of  sewage  and  the  great  desira- 
bility of  preventing  surface  clogging  during  winter  weather,  atten- 
tion is  especially  called  to  a  comparison  of  the  results  obtained  by 
chemical  precipitation  and  sedimentation. 

The  sewage  after  treatment  by  one  of  the  several  methods  outlined 
above  has  been  applied  to  filters  5  feet  in  depth,  of  medium  fine  sand, 
having  an  effective  size  of  0.17  to  0.19  millimeter,  with  results  as 
follows :  — 

1.  Filter  No.  12  A.  —  This  filter  has  received  the  efiluent  of 
Filters  Nos.  15  B  and  16  B  at  a  rate  of  960,000  gallons  per  acre 
daily  for  six  days  in  a  week.  At  the  beginning  of  the  year  the 
gravel  filters  were  so  badly  clogged  that  this  filter  became  also 
clogged ;  and  as  the  coarser  filters  were  not  in  their  normal  condi- 
tion, the  efiluent  was  not  applied  to  No.  12  A  from  February  3  to 
26.  The  surface  was  scraped  when  necessary,  to  remove  clogging, 
up  to  June  19.  It  was  scraped  on  an  average  once  in  seventeen 
days,  and  the  average  depth  removed  was  0.78  of  an  inch.  This  is 
equivalent  to  12  cubic  yards  per  1,000,000  gallons  filtered,  —  a 
quantity  so  large  that  scraping  was  abandoned,  and  since  June  19 
the  surface  has  been  raked  twice  weekly  to  a  depth  of  about  3 
inches.  The  filter  was  rested  for  one  week  from  October  2  to 
October  8,  and  from  October  27  to  November  11,  owing  to  over- 
work caused  by  sludge  coming  from  No.  15  B.  The  surface  was 
spaded  6  inches  deep  on  September  6  and  October  6,  and  8  inches 
deep  on  November  27,  and  since  that  time  it  has  taken  the  filtered 
sewage  freely,  with  the  results  which  are  presented  below. 

2.  Filter  No.  19, — This  filter  has  received  sewage  afler  treat- 
ment by  chemical  precipitation.  The  rates  of  filtration  have  been 
as  follows:  January  8  to  May  21,  360,000  gallons ;  since  June  1, 
200,000  gallons  per  acre  daily  six  days  in  the  week.  On  March  10 
clogging  appeared  at  the  old  surface  4  inches  below  the  present  sur- 
face. The  upper  4  inches  of  material  were  removed,  the  filter 
spaded  to  a  depth  of  6  inches,  and  4  inches  of  new  material  added  to 
take  the  place  of  that  removed.  The  old  and  the  new  material  were 
mixed  together  at  the  junction.  The  rate  of  filtration  was  too  high, 
however,  for  satisfactory  results,  and  after  resting  from  May  21  to 
May  31  the  rate  was  reduced  on  June  1.  Up  to  this  time  the  filter 
had  been  scraped  to  remove  clogging  fourteen  times  since  January  8, 
an  average  of  once  in  eight  days.  The  average  depth  removed  was 
0.40  inch,  equivalent  to  18  cubic  yards  per  1,000,000  gallons  filtered. 
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Since  Juoe  1  the  surface  has  been  raked  twice  weekly  to  a  depth  of 
3  inches,  with  one  spading  over  to  a  depth  of  6  inches  on  Decem- 
ber 1.     The  results  are  given  beyond. 

3.  Filter  No.  13^.  —  To  this  filter  has  been  applied  sewage 
which  has  been  clarified  by  sedimentation.  The  rate  of  filtration 
was  240,000  gallons  per  acre  daily  for  six  days  in  the  week,  from 
January  8  to  May  21,  when  the  filter  was  rested  until  June  1,  after 
which  the  rate  has  been  160,000  gallons.  From  January  1  to  June 
1  the  surface  was  scraped  six  times  to  remove  clogging,  an  average 
of  once  in  nineteen  days.  The  average  depth  removed,  0.60  inch, 
equivalent  to  18  cubic  yards  per  1,000,000  gallons  filtered.  Since 
June  1  the  surface  has  been  raked  twice  weekly  to  a  depth  of  3 
inches.     The  results  will  be  found  beyond. 

4.  Filter  No.  14  A.  —  To  this  filter,  since  June  1,  has  been 
applied  sewage  after  straining  through  coke.  The  rate  of  filtration 
was  320,000  gallons  per  acre  daily  for  six  days  in  the  week  up  to 
November  6,  when  it  was  increased  to  480,000  gallons.  The  sur- 
face has  not  been  scraped,  but  has  been  raked  twice  weekly  to  a 
depth  of  about  3  inches.     The  results  are  summarized  beyond* 

In  the  following  tables  are  given  the  average  analyses  up  to 
December  1  of  the  sewage  before  and  after  treatment  by  each  of  the 
several  methods  to  remove  sludge :  — 


Average  Results  of  Analyses  of  Sewage  before  and  after  Trealment  to  remove 

Sludge. 

[ParU  per  100,000.] 


AMM05IA. 

. 

KlTBOOBir  A8 

• 

1 

^1 

ALBUM  I  VOID. 

i 

1 

1 

Chlorine. 

• 

1 

s 

-1 

Original  Mwage 

3.43 

.83 

.26 

8.07 

.0000 

.0000 

8.54 

1,890,000 

After  flltratioo  through  Noe.  15  B  and  16  B, 

1.03 

.23 

.11 

7.76  1 

1.3100 

.0260 

1.87 

264,000 

After  chemical  precipitation, 

3.44 

.27 

.18 

8.59 

.0000 

.0000 

1.76 

488,000 

After  ledimeDtatlon, 

3.41 

.44 

.27 

8.70 

.0000 

.0000 

2.81 

1,136,000 

After  slndning  through  coke,     . 

8.50 

.80 

.21 

11.7»i 

.0000 

.0000 

2.03 

970,000 

It  will  be  seen  from  these  analyses  that  the  effluent  of  the  sewage 
after  filtration  through  Nos.  15  B  and  16  B  contains  considerable 
nitroofen  in  the  form  of  nitrates,  and  the  free  ammonia  is  much  re- 
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daced.  The  establishment  of  nitrification  in  the  preliminary  treat- 
ment is  of  much  aid  in  the  filtration  of  this  effluent  by  Filter  No. 
12  A.  It  may  also  be  stated  that  the  effluents  from  Nos.  15  B  and 
16  B  contain  considerable  free  dissolved  oxygen,  usually  25  to  30 
per  cent,  of  that  necessary  for  saturation  at  the  actual  temperature. 
In  the  next  table  is  given  a  summary  of  results  obtained  by  the  fil- 
tration of  sewage  through  the  fine  sand  after  preliminary  treatment 
by  one  of  the  several  methods  outlined  in  the  foregoing  pages. 

Table  showing  ToteU  Purification  oj  Sewage  by  Filtration  through  Sand  after  a 

Preliminary  Treatment  to  remove  the  Sludge, 


( 

,  AVOK  PKH  CBKT. 
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Filter. 
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of 
Filter. 
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In  Operation 

Ayerage 
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•oi 

1 

a 

BKfOmB  FILTEATIOV 
THBOUQH  SASO. 

Mil  lime- 
ten,  10 
per  Cent 
Finer 

Unl- 
formttj 
Coeffi- 
cient. ' 

ilnoe— • 

per  Acre 

Dally, 

81a  Days 

to  a  Week 

11 

1 

tban- 

1 

< 

O 

OQ 

L    Rnpid    filtration 

12  A 

«.  ' 

.10 

2.0 

July  2ft,  1802, 

700,600* 

06 

03 

00.0 

throaffb  gravel, 

1 

aided  by  a  down- 

ward current  of 

air. 

2.    Cbemloa]  ^reclpi- 

10 

60 

.17 

2.0 

Jan.  2t,  1800, 

268,000 

06 

08 

00.8 

Utton. 

8.    Sedimentation,     . 

ISA 

60 

1     .w 

2.0 

Sept.  27, 1803, 

164,600 

05 

04 

00.8 

4.    Straining  throngb 

14  A 

60 

.10 

2.0 

June    1,1804, 

345,000 

07 

04 

00.0 

colce. 

1 

*  Tbe  nit«  daring  th«  period  of  aetaal  operation  of  tbla  filter  waa  060,000  gallonc. 


The  very  satisfactory  results  which  have  been  obtained  from  filtra- 
tion by  the  aid  of  a  current  of  air  drawn  downward  through  the 
material  by  means  of  an  aspirator,  which  have  been  reported  upon 
since  18899  have  been  continued  during  the  past  year.  It  is  now 
proposed  to  study  the  efficiency  and  economy  of  this  method  of  com- 
bined filtration  and  renewal  of  the  air  in  the  filtering  material  upon 
a  larger  scale,  with  the  operation  of  the  plant  covering  from  twenty 
to  twenty-four  hours  each  day.  Aspiration  has  been  used  hitherto 
to  increase  the  aeration  of  the  material  on  account  of  the  great  con- 
venience of  this  method,  but  it  is  now  the  intention  to  study  com- 
paratively the  advantages  of  the  renewal  of  air  by  blowing  air  into 
filters  from  below  by  means  of  a  fan  blower. 


642  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


Work  of  the  Filters  for  1894. 

The  experimental  filters  used  daring  1894  for  sewage  purification 
have  been  mainly  the  ones  which  have  been  fully  described  in  pre- 
vious reports  of  the  Board.  Record  of  the  temperature  of  the 
air  during  the  past  year  has  been  given  on  page  526 ;  while  on 
page  457  will  be  found  the  record  of  the  local  rainfall.  On  the 
following  pages  is  given  an  outline  of  the  history  of  each  filter 
and  the  monthly  averages  of  the  weekly  analyses  of  the  effluents* 
In  order  to  make  room  for  the  new  experiments  in  connection  with 
the  combined  filtration  and  aeration  of  sewage,  Filters  Nos.  11  A, 
17  Ay  25,  30,  3L  and  32  were  discontinued  at  the  end  of  the  year, 
and  partial  summaries  of  the  results  of  these  filters  will  be  found 
beyond. 

Filler  No.  1. 

The  surface  of  this  filter  of  coarse  sand  of  an  effective  size  of 
0*48  millimeter  was  in  good  condition  at  the  beginning  of  the  year, 
owing  to  the  spading  which  it  received  on  Dec.  2,  18H3.  The 
nitrifying  and  oxidizing  processes  had  not  wholly  recovered  from  the 
effect  of  clogging  late  in  the  fall,  and  the  ammonias  in  the  effluent 
were  high,  although  there  was  fair  nitrification.  The  custom  of 
picking  holes  in  the  surface  daily  to  determine  the  depth  of  frost 
was  abandoned  for  the  reason  that  it  aided  in  causing  an  unequal 
passage  of  sewage  through  the  filtering  area.  Observations  were 
made  daily  of  the  presence  of  frost  which,  on  January  6,  was  found 
to  vary  from  3  to  9  inches  in  depth.  From  January  6  to  27  the 
sewage  was  applied  always  to  the  portion  of  the  surface  farthest 
removed  from  the  under-drain.  No  trouble  was  experienced  from 
frost  so  far  as  quantitative  efficiency  was  concerned,  but  the  qualita- 
tive efficiency  failed  to  improve  in  spite  of  reduced  quantities  and 
resting  every  other  day.  In  February  the  sewage  was  distributed 
carefully  over  the  whole  surface  and  the  quantity  applied  restored 
on  February  19  to  the  rate  of  120,000  gallons  per  acre  daily  for  six 
days  in  a  week.  The  applied  sewage  disappeared  readily,  but  it  was 
not  until  the  second  week  in  March,  when  the  temperature  of  the 
effluent  increased  to  42^  F.,  that  marked  improvement  of  the  effluent 
began  to  appear.     It  is  of  importance  to  note  in  the  table  beyond  that 
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in  January  and  Febraary  the  quality  of  the  samples  of  the  effluent 
collected  before  the  application  of  sewage  and  when  the  effluent 
flowed  very  slowly  was  much  superior  to  that  of  the  samples  repre- 
senting the  entire  flow  and  passing  from  the  filter  more  rapidly.  On 
March  31  the  surface  was  spaded  over  (corresponding  to  ploughing) 
to  a  depth  of  4  inches  and  the  rate  reduced  on  April  1  to  80,000 
gallons  per  acre. 

Fairly  good  results  were  obtained  during  the  spring  and  summer^ 
although  high  ammonias  were  found  occasionally  on  account  of  the 
application  of  very  strong  sewage  and  also  because  of  the  occasional 
presence  of  small  worms  in  the  effluents.  By  putting  a  cap  on  the 
end  of  the  outlet  pipe  and  allowing  the  effluent  to  accumulate  in  the 
lower  portion  of  the  filter  these  worms  were  rapidly  washed  out  and 
after  a  time  they  disappeared.  In  October  the  ammonias  in  the 
effluent  increased  and  the  sewage  disappeared  from  the  surface 
more  slowly.  From  October  12  to  29  the  filter  was  allowed  to  rest. 
The  ammonias  of  the  effluents  were  still  high  after  this  treatment 
and  the  filter  was  again  rested  November  4  to  30.  On  November 
5  and  17  the  surface  was  spaded  over  (corresponding  to  ploughing) 
to  a  depth  of  8  inches.  This  additional  period  of  rest  did  not  cause 
the  ammonias  to  decrease,  in  fact  in  December  they  increased  while 
the  nitrates  decreased.  The  results  from  this  filter,  which  are  pre- 
sented below  as  monthly  averages  of  weekly  analyses  of  the  effluent,, 
are  discussed  on  page  485. 
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Effluent  of  Filter  No.  1. 

[Put*  per  100,000.] 
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.65 
.31 
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March, 
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.1302  .62    66,200 

April, 
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1.7400 
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*  Bamplae  taken  of  efBaent  before  filter  was  flooded  on  days  of  analysis  of  "  regular"  samples. 

Sewage  applied,  800  gallons  six  times  a  week  from  January  1  to  January  15;  900  gallons  three  times 
«  week,  January  16  to  22;  300  gnlions  six  times  a  we<>k,  January  23  to  29 ;  300  gallons  three  times  a  week, 
January  20  to  February  2;  300  gallons  twice  on  three  days  in  a  week.  Febroary  3  to  19;  300  gallons 
twelve  times  a  week,  February  19  Vi  March  31;  200  gallons  twelve  times  a  week,  April  1  to  October  12; 
no  sewage  applied,  October  13  to  27;  200  gallons  twelve  limes  a  week,  October  29  to  N'ovember  3;  no 
aewaite  applied,  November  6  to  80;  100  gallons,  December  1 ;  200  gallons,  December  2,  4,  5;  200  gallons 
twelve  times  a  week  to  December  31.  June  25  to  27,  experiment  interrupted  by  breaking  of  aewer  pipe. 
Surface  raked  about  1  inch  deep  each  week  except  once  in  January,  twice  in  December  and  during 
period  of  rest.  Surface  spaded  4  Inches  deep,  March  31;  8  inches  deep,  November  5  and  17.  June  18, 
July  6,9, 13,  30,  August  4  and  II,  white  worms  found  in  under-drains  and  U'ider-drains  fluahed  out  from 
below.  During  January,  18.6  inches  of  i^now  and  .76  inch  ice  removed;  during  February,  20  inches  of 
«now  and  .26  Inch  ice  removed;  during  December,  20.6  inches  of  snow  and  1.6  inches  of  ioe  remoTod. 

Filter  No.  2. 

The  trenches  of  medium  fine  sand  of  an  effective  size  of  0. 19  milli- 
meter, present  in  this  filter  of  very  fine  sand  of  an  effective  size  of  0.08 
millimeter,  were  relieved  from  clogging  at  the  bottom  and  sides  on 
Dec.  2,  1893,  and  were  covered  with  boards  until  March  17.  The 
applied  sewage  disappeared  apparently  without  difficulty  during  the 
entire  winter,  and  the  quality  of  the  effluent  steadily  improved.  In 
the  case  of  this  filter  of  fine  sand  it  is  interesting  to  note,  in  the 
table  beyond,  that  there  was  no  difference  in  the  quality  of  samples 
of  effluent  collected  before  flooding  and  during  the  height  of  flow. 
On  March  31  the  entire  surface  was  spaded  over  (corresponding  to 
ploughing)  to  a  depth  of  4  inches  and  the  rate  of  filtration  reduced 
April  1  to  40,000  gallons  per  acre  daily  for  six  days  in  the  week, 
with  a  view  to  establishing  a  permanent  rate.  During  the  latter 
part  of  April  the  quality  of  the  effluent  became  very  satisfactory 
and  excellent  results  were  obtained  until  late  in  the  fall.     The  only 
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important  feature  to  note  in  the  results  obtained  during  this  period 
is  B  decrease  in  the  nitrates  of  the  effluent  during  July  and  August 
owing  to  vegetation  growing  upon  the  surface  around  the  trenches, 
as  is  described  on  page  493.  Toward  the  end  of  November  the  free 
ammonia  in  the  effluent  increased  quite  rapidly  and  the  sewage  dis- 
appeared more  slowly.  On  November  30  the  sand  was  taken  out 
of  the  trenches  and  replaced  after  removing  a  thin  layer  varying 
from  one-eighth  to  one-half  inch  at  the  junction  of  the  fine  sand,  and 
raking  the  bottom  and  sides  to  a  depth  of  about  1  inch.  In  spite  of 
this  prompt  treatment,  however,  th^  quality  of  the  effluent  failed  to 
improve  during  the  month  of  December.  The  results  for  the  year 
are  satisfactory  on  the  whole,  as  is  shown  by  the  following  table  of 
monthly  averages  of  weekly  analyses  of  representative  samples  of 
the  effluent :  — 

Effluenl  of  Filler  No.  2. 

[Pmrtt  par  100,000.] 


■  BwnplM  eollxHHl  b«rara  flowHaf. 
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uid  rmkad;  Hod  ttaaroQBhlj  mixad  «Dd  nplkcad  In  iiwucbai'    Angnil  ld,BTmaiDD«arfiio«enE 

from  (Dilre  tarttaa.    DdtIds  Deoambtr,  ».i  Inthaa  of  inow  ramoTad  from  anllr*  agrfaea. 
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Fater  U'o.  4. 

The  two  trenches  of  coarse  sand  of  an  effective  size  of  0.48  milli- 
meter, present  in  this  filter  of  fine  river  silt  of  an  effiective  size  of  0.04 
millimeter,  were  covered  with  boards  until  March  17.  Sewage  was 
tipplied  to  both  trenches  but  it  disappeared  very  slowly,  usually 
during  the  night  following  the  dose,  and  on  January  22  both 
trenches  were  spaded  over  as  well  as  the  frost  would  allow  to  a 
depth  of  about  6  inches.  This  helped  matters  only  for  a  short 
time,  and  on  February  3  the  rate  of  filtration  was  reduced  from 
80,000  gallons  to  20,000  gallons  per  acre  daily.  It  was  necessary 
•on  February  26  to  further  reduce  the  rate  to  15,000  gallons.  Dur- 
ing the  latter  part  of  March  the  sewage  disappeared  promptly,  and 
on  April  2  the  rate  was  increased  to  20,000  gallons  and  the  entire 
surface  spaded  over  (corresponding  to  ploughing)  to  a  depth  of  4 
inches.  The  ammonias  in  the  effluent  increased  during  the  winter 
and  the  nitrates  remained  low.  During  the  spring  and  early  sum- 
mer the  ammonias  still  increased  while  the  nitrification  became 
greater,  although  the  increase  in  nitrates  was  somewhat  irregular. 
In  spite  of  the  fact  that  the  applied  sewage  disappeared  readily  a 
marked  improvement  of  the  qualitative  efiiciency  did  not  occur  until 
after  July  18,  when  the  sand  was  removed  from  the  trenches,  the 
sides  and  the  bottom  scraped  from  one-quarter  to  one-half  inch,  and 
.raked  about  I  inch  in  depth  and  the  sand  replaced.  The  effluent 
steadily  improved  in  quality  during  the  remainder  of  the  year,  and 
was  very  satisfactory  in  December,  as  is  shown  by  the  table  below, 
x^ontaining  the  monthly  averages  of  weekly  analyses. 

As  was  noted  last  year  it  appears  from  the  evidence  at  hand  that 
•this  filter  of  very  fine  silt  is  continually  storing  nitrogen,  and  its 
quantitative  efficiency  is  becoming  less  year  by  year. 
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Effluent  of  Filter  No.  4. 

[Paru  par  I«0,000.] 


Quantity 
Applied. 

Gallooa 

per  Acre 

Dally 

Ibr  sLc 

Days 

In  a  week. 

Tbmpsba-  ' 
Tuaa.     j 

dbo.  r.  , 

Length  of 

Time 

Sewage 

Remained 

,         on 

Snrteoe. 

Hoars  and 
Mlnntes. 

ArrSABAKOS. 

1  Ammovia. 

1 
1 

0.11 
6.11 

NlTBOOn 

AS 

• 

a 
S 

a 

o_ 

'.80 
.80 

1 

• 

1 

1 

1 

Albu- 
minoid. 

r, 

1 

'A 

Bacteria  per 
Gentlmetei 

18M. 

• 

i 
1 

1 
a 

s 

Janoary,    . 

26,000 

44 

40 

lib. 

Nona. 
Nona.* 

.14 
.14 

.0140 
.0140 

.0240 
.0246 

.5700 
.5700 

.0004 
.0004 

86 

86 

February, . 

10,400 

48 

80 

lOh.          j 

Nona. 
Nona.* 

.21 

.21 

.1815 
.1815 

.0670 

.0670 

5.43 
5.48 

.4000 
.4600 

.0006 
.0006 

.47 
.47 

106 
106 

Ifareh, 

16,000 

40 

42 

2ha    20m. 

Nona. 

.28 

.2475 

.0410 

4.07 

.6100 

.0090 

.48 

82 

AprU, 

20.000 

40 

44 

8h.     40m. 

Nona. 

.42 

.7400 

.0540 

5.01 

.0800 

.0054 

.58 

266 

May,  a        . 

20,000 

67 

55  1 

Ih. 

Nona. 

.02 

1.2800 

.0570 

0.85 

.8100  .0050* 

.04 

1 

748 

Jane, . 

18,400 

08 

50 

lb. 

y.aUgbt. 

.45 

1.4200 

.0513 

0.21 

1.2100  .0187 

.52 

88 

Joly,  a 

20,800 

72 

60 

aom. 

V.  alight. 

.50 

1.2060 

.0470 

8.70 

1.0800 

.0180 

.72 

22 

Angnat,     a 

10,200 

75 

78 

7m. 

V.  alight. 

.42 

.6800 

.0200 

8.76 

2.160O 

.0136 

.50 

26 

8epUmb«r, 

20,800 

07 

00 

Om. 

V.ellght. 

.37 

.2067 

.0227 

10.18 

2.8500 

.0108 

.87 

11 

Oetobar,    . 

10,900 

50 

02 

40m. 

None. 

.18 

.0121 

.0181 

11.73 

2.8300.0035 

.22 

1 

60 

1 
November, 

21,000 

45 

51 

4h.               Nona. 

1 

.12 

.0022 

.0090 

0.15 

3.2000.0004 

.15 

62 

Dooember, 

90,000 

48 

48 

3b. 

1 

Nona. 

.00 

.0005 

.0004 

7.49 

1.0000 

.0000  .15 

1 

6 

*  Samples  collected  before  flooding. 

Sewage  applied,  160  gallona  six  tlmea  a  week,  January  1  to  Fabmary  2;  100  gallons  six  tlmea  a 
week,  Febmary  8  to  24;  76  gallons  six  tlmea  a  week,  alternately  on  Inner  and  outer  trench,  February  20 
to  March  81 ;  100  gallons  six  times  a  week,  on  outer  trench,  April  2  to  July  28;  200  gallons  three  tlmea  a 
week,  on  both  trenchea,  July  24  to  December  81.  June  25  to  27,  experiment  Interrupted  by  breaking  of 
•ewer  pipe.  Trenchea  covered  with  boards  until  March  17.  Surface  of  trenches  raked  about  1  inch 
deep  twice  in  January,  once  In  February,  three  times  each  in  November  and  December,  and  once  each 
week  daring  the  rest  of  the  year.  January  22,  trenchea  spaded  0  Inches  deep.  April  2,  trenches  and 
fine  sand  in  middle  spaded  4  Inohea  deep.  July  18,  aand  removed  from  trenchea.  Bottom  and  sides  of 
trencbee  scraped  and  raked  and  sand  replaced  in  trenches.  Daring  January,  i  loch  of  lee  removed  from 
outer  trench  and  1  Inch  from  Inner.  Daring  February,  2.6  Inches  of  Ice  removed  from  outer  trench  and 
0.5  inch  from  inner.  During  November,  2  Incbea  of  snow  removed  from  trenches.  Daring  December^ 
27.5  Inches  of  snow  removed  from  entire  surfaoe. 

Filter  JV^o.  5  A. 
This  filter  of  fine  gravel  stones  without  sand,  having  an  effective 
size  of  1.40  millimeters,  and  unprotected  from  the  weather,  took 
sewage  freely  at  a  rate  of  120,000  gallons  per  acre  daily  for  six  days 
in  a  week  in  two  doses  daily  until  February  24,  when  the  tempera- 
ture of  the  air  was  — 9^  F.  On  this  date  the  surface  had  not  been 
raked  for  ten  days  and  it  was  necessary  to  omit  both  doses  on  Feb- 
ruary 26  and  one  dose  on  February  27.  Warmer  weather  followed 
and  no  further  difficulty  was  experienced.  The  quality  of  the  ef- 
fluent was  not  satisfactory  at  the  close  of  1893,  but  it  steadily  im- 
proved during  the  winter  months*     On  March  31  the  surface  was 
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spaded  over  (corresponding  to  ploughing)  4  inches  in  depth,  and 
on  April  9  the  filter  was  restored  to  its  ordinary  depth  by  adding 
new  gravel  and  by  mixing  it  at  the  junction  with  the  new  material. 
Following  this  disturbance  of  the  surface  layers  the  ammonias 
in  the  efBuent  became  higher  and  the  sewage  passed  through  so 
quickly  that  it  was  imperfectly  strained  and  filtered.  The  nitrates, 
however,  remained  high.  Good  results  for  this  filter  of  coarse 
material  with  such  complete  under-draining  were  obtained  until  the 
end  of  June.  It  was  learned  in  tracing  the  passage  of  an  applica- 
tion of  salt  that  the  sewage  passed  through  the  material  very  quickly, 
much  of  it  within  fifteen  minutes,  owing  to  the  passage  at  a  i-apid 
rate  through  limited  areas.  As  great  care  was  taken  to  distribute 
the  sewage  equally  over  the  entire  surface,  this  difiiculty  seemed 
to  be  due  to  unequal  storage  of  organic  matter  in  the  surface  layers. 
With  a  view  to  removing  this  apparently  unequal  clogging,  the  sur- 
face was  spaded  over  (corresponding  to  ploughing)  4  inches  deep  on 
July  13.  This  treatment  caused  but  little  apparent  improvement 
in  the  ammonias  in  the  efiluent,  as  complications  arose  from  the 
presence  of  worms.  The  nitrates  were  high  during  the  entire 
summer.  A  series  of  samples,  the  results  of  analyses  of  which 
are  given  below,  was  taken  on  August  28,  and  indicated  that  the 
passage  through  the  filter  of  the  bulk  of  the  sewage  was  too  rapid 
for  complete  purification.  To  make  sure  that  this  was  not  due  to 
the  passage  of  sewage  through  limited  areas  caused  by  unequal 
clogging  of  the  upper  portion  of  the  filter,  the  surface  was  spaded 
over  (corresponding  to  ploughing)  to  a  depth  of  12  inches  on  Sep- 
tember 4.  The  ammonias  still  continued  high,  indicating  that  the 
earlier  results  had  not  been  caused  by  unequal  porosity.  On  Sep- 
tember 21  the  size  of  the  single  dose  was  reduced  one-half,  —  that 
is,  sewage  was  applied  at  the  rate  of  80,000  gallons  per  acre  daily  for 
six  days  in  a  week,  in  eight  doses  daily,  each  equivalent  to  10,000 
gallons  per  acre.  A  decided  improvement  in  the  efiiuent  followed 
this  change  which  remained  in  elSect  until  November  3.  Up  to 
October  20  the  analyses  of  samples  collected  after  the  application 
of  the  sixth  dose  showed  much  better  results  as  will  be  noted  in  the 
table  beyond  than  were  obtained  from  samples  taken  after  the  ap* 
plication  of  the  first  dose.  The  reason  of  this,  doubtless,  was  that 
the  first  portion  passed  through  too  quickly  for  complete  purifica- 
tion. After  this  time  the  sewage  disappeared  more  slowly,  and  tor 
the  next  few  weeks,  in  fact,  until  clogging  was  removed  by  the 


No.  34.] 


FILTRATION  OF  SEWAGE. 


549 


next  spading,  the  analysis  of  the  samples  taken  after  application 
of  the  first  dose  was  better  than  that  of  samples  taken  after  the 
following  doses.  From  November  5  to  16,  the  size  of  the  dose  was 
doubled,  making  a  rate  of  160,000  gallons  per  acre,  but  as  the 
ammonias  in  the  effluent  increased  the  dose  was  reduced  to  the 
former  quantity  November  19  to  28.  At  the  end  of  the  month  clog- 
ging appeared  and  on  December  1  the  surface  was  spaded  over 
(corresponding  to  ploughing)  to  a  depth  of  6  inches.  The  applica- 
tion of  sewage  was  changed  from  eight  times  10,000  to  two  times 
40,000  gallons  per  acre  daily  for  six  days  in  the  week.  There  was 
no  marked  change  in  the  quality  of  the  effluent  during  December. 
In  the  table  beyond  are  presented  the  monthly  averages  of  the 
weekly  analyses  of  the  representative  samples  of  the  effluent. 


Effluent  of  Filter  No,  6  A. 

[Parts  per  100,000.] 


ISM. 


Quantl^ 
Apptied. 

OaIIoiu 
per  Acre 

for  six 

Dajt 

In  M  Week. 


TUKM. 

i)Bo.  r. 


Jinoary,   . 

Febniaryi . 

Mareht 
April, 
May,  • 
*  Jnoe, .       . 
Jnly, . 
August,     • 
September, 
October,    . 
November, 
December, 


U0,000 

116,000 

120,000 
80,000 
80,000 
71,000 
80,000 
80,000 
78,400 
80,000 

105,400 
77,000 


i 

g 

1 

4S 

4ft 

47 
68 
64 
78 
70 
60 
66 
48 
44 


87 


Length  of 

Time 

Hewage 

BemalDCd 

on 
Surface. 

Hours  and 
Mlnotes. 


S6m. 


87  :,  lb.  10m. 


48 
46 
58 
68 

75 
75 
70 
61 
45 


60m. 

Im. 

8m. 

7m. 
llm. 

6m. 

Im. 
17m. 


lb. 

8h. 


APPBAJUVCB. 


o 


Dedded. 

v.  Bl'l.* 

Dedded. 
v.  si'l.* 

Decided. 

Dedded. 

Slight. 

Decided. 

Dedded. 

Decided. 

Dedded. 

V.  art. 

Decided. 

Dedded. 


.72 
.25 

.481 
.12 

.88 

.65 

.21 

.22 

.20 

.24 

.25 

.14 

.41 

.84 


AMMOinA. 


i 


•a 

"5 

a 

.1 


1.4440 
.7440 

.7825 
.8000 

.1280 

.2160 

.1317 

.2208 

.8857 

.5850 

.4640 

.2060 

1.5800 


.0752 

.1052 
.0493 

.0650 

.0855 

.0480 

.0502 

.04s:i 

.0610 

.1287 

.0356 

.1060 


4 

8 


1.6350  .0870 


5.71 
5.00 

5.87 
5.71 

6.24 

6.64 

8.57 

0.54 

12.03 

12.86 

0.85 

14.20 

0.85 

8.46 


MlTBOOKV 
AS 


■ 

e 


I 

S 


1.2600 
2.7100 

1.0700 
8.4700 

8.0500 

3.1400 

8.8200 

3.2800 

3.1000 

2.5800 

8.7500 

8.2600 

1.4400 

1.4800 


.2520 
.0078 

.0060 
.0043 

.0051 

.0102 

.0217 

.0454 

.0048 

.0067 

.0157 

.0074 

.0227 

.0507 


B 

B 


a 


1 


1.164*20.400 


.881 

.71 
.27 

.87 

.61 

.86 

.82 
,ZS) 
.44 
.65 

.21 

.70 

.60 
f 


45,490 

104,600 
1,580 

68,500 

110,000 

66,000 

58,000 

75,200 

105,500 

111,400 

11,200 

06,000 

48,200 


*  Samples  collected  before  flooding. 

Sewage  applied,  800  gallona  twelve  times  a  week,  January  1  to  March  81;  100  gallons  twenty- four 
times  a  week,  April  2  to  fciepiember  20;  50  gallons  forty  eight  times  a  week,  September  21  to  November 
8;  100  gallons  forty -eight  ilmes  a  week,  November  5  to  10;  50  gallons  forty-elgnt  limes  a  week,  Novem- 
ber 19  lo  28;  200  gallons  twelve  times  a  week,  November  29  to  December  31.  June  25  to  27,  experiment 
interrupted  by  breaking  of  sewer  pipe.  Surface  raked  about  I  loch  de*'p  each  week  except  once  each  lo 
January,  November  and  December.  March  81,  surface  spaded  4  Inches  deep;  July  13,  4  Inches  deep: 
September  4, 1  foot  deep,  and  December  1,  6  Inches  deep.  April  9,  fliier  restored  to  original  depth  and 
spaded  4  Inches  deep.  On  July  13,  80,  Angust  4  and  11,  outlet  closed  and  effluent  kept  back  to  flnnh  out 
Qoderdralns.  October  12  to  December  81,  effluent  pipe  trapped  so  that  1  foot  above  under  drains  remains 
saturated.  During  Januarv,  20.5  Inches  of  snow  and  9.75  inches  of  Ice  removed;  during  February,  21 
Inches  of  snow  and  9.5  Inches  of  Ice  removed;  during  November,  4.5  inches  of  snow  and  1  loch  of  Ice 
removed ;  daring  December,  22  Inches  of  snow  and  0.75  Inob  of  ice  removed. 
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Table  showing  Sesults  of  Analyses  of  Samples  of  Effluent  from  Filler  No.  6  A, 

eolUeted  at  IHfferent  Periods  of  the  Jknly  Flow. 


[Parts  per 

100,000.] 

Hour. 

Rate 
ol  Klow. 

Cubic  Cen- 
timeter 

Mhiute. 

Tempera- 
ture. 

Deg.  F. 

Appsabancb. 

Ammovia. 

• 

1 

AS 

• 

1 

■St 
.15 
.» 

5^ 

18M. 

1 

.85 
.10 
.17 

1 

is 

< 

1 

8 

ss. 

is 

flB 

Aug.  28, 
28. 
28, 

8.37  A.M. 
1.25  p.m. 
2.21  P.M. 

1,480 

789 

2,000 

78 
78 
78 

Decided. 

Slight. 

Decided. 

.6000 
.0840 
.1400 

.0560 
.0180 
.0800 

10.52 
11.28 
11.52 

3.1200 
3.9800 
4.2000 

.0100 
.0004 
.0014 

84,000 

4,400 

25,000 

Table  showing  Comparison  of  Average  Results  of  Analyses  of  Samples  of  Effluent 

collected  from  Filler  No.  5  A  after  First  and  Sixth  Doses  during  IHfferent  Por- 

tiotis  of  a  Period  between  Spadings  to  show  the  Effect  of  QraducU  Surface 

Clogging. 

September  21-October  20, 

[Parts  per  100,000.] 


Quantity 
Applied. 

Gallons 

pi'f  Acre 

l>Mlly 

f(ir  six 

Days 

in  a  Week. 

Tempera- 
ture. 

Deg.  F. 

Appbabamcs. 

Ammomia. 

tj 

1 
NiTBoaaif  AS , 

1 

B 

a 
m 

§ 
I 

o 

o 

s 
0-: 

18M. 

1 

1 

i 

I 

-■■i 

.17 
.14 

i! 

Albu- 
minoid 

1 

i 

After  first  dose. 
After  sixth  dose,    . 

80,000 
80,000 

02 
62 

Slight. 
V.  alight. 

.4900 
.1800 

.0480 
.0830 

20.02 
13.52 

2.7200 
3.1500 

.0049 
.0128 

.28    21,500 
.22    12,250 

October  21'November  3. 


After  first  dose, 
After  sixth  dose,    . 


80,000 
80,000 


55 
55 


y.  slight. 

V.  slight. 


.12 
.11 


.1650 
.3950 


.0150 
.0290 


10.05 
9.09 


8.0000 
2.8700 


.0120 
.0080 


.16 
.20 


1,050 
16,100 
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Filter  No.  6. 

This  filter,  44  inches  in  depth  of  mixed  coarse  and  fine  sand  of  an 
effective  size  of  0.85  millimeter,  was  protected  from  the  weather  by 
a  canvas  cover  until  March  17,  and  readily  disposed  of  sewage 
through  the  winter  at  the  following  rates :  January  1  to  27,  50,000 
gallons  per  acre,  in  daily  doses ;  January  30  to  February  24,  the 
same  average  rate  with  sewage  applied  every  other  day ;  and  Feb- 
ruary 26  to  March  31,  70,000  gallons  per  acre  daily  for  six  days  in 
the  week.  The  quality  of  the  efiluent  was  fair  throughout  the  cold 
months,  but  the  nitrites  were  very  high  and  did  not  decrease  rapidly 
until  the  middle  of  March,  when  the  warmer  weather  restored  to  the 
organisms  of  nitrification  their  full  activity.  On  March  31  the  sur- 
face was  spaded  over  (corresponding  to  ploughing)  to  a  depth  of  4 
inches ;  and  on  April  1  the  rate  was  reduced  to  60,000  gallons  per 
acre  daily  for  six  days  in  the  week.  The  quality  of  the  effluent 
quickly  improved  and  remained  excellent  during  the  spring  and 
summer.  The  ammonias  and  oxygen  consumed  increased  for  a 
short  time  in  July  owing  to  the  application  of  sewage  containing 
several  times  the  usual  amount  of  organic  matter,  the  average 
amount  of  applied  albuminoid  ammonia  for  the  week  ending  July  7 
being  2.25  parts  per  100,000. 

About  the  middle  of  September  the  surface  became  clogged,  and 
the  filter  was  rested  September  21  to  October  8.  The  aid  received 
from  resting  without  disturbance  of  the  surface  was  only  temporary, 
and  clogging  reappeared  during  the  latter  part  of  October,  while  the 
effluent  deteriorated  in  quality.  The  filter  was  again  rested  Octo- 
ber 30  to  November  30  and  the  surface  spaded  over  (corresponding 
to  ploughing)  to  a  depth  of  8  inches  on  November  8  and  November 
17.  During  December  nitrification  decreased,  apparently  owing  to 
the  diminution  in  the  activity  of  the  nitrifying  organisms  during  the 
long  period  of  rest,  as  described  on  page  510.  In  the  following 
tables  are  presented  the  results  of  analyses  of  samples  of  the  effluent 
collected  before  the  application  of  sewage  and  at  the  height  of  flow 
during  the  winter  months,  and  also  the  monthly  averages  of  weekly 
analyses  of  representative  samples  of  the  effluent  during  the  entire 
year :  — 
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Effluent  of  Filter  No.  6. 

[Parte  p«r  100,000.] 


18M. 


Quiintity 
Appllea. 

Oallout 
per  Aere 

Dallr 
for  Six 

Days 
In  a  Week. 


Janaary,   . 

February,  . 

March, 
April, 
May,  . 
Juno,.        . 
July, . 
August, 
Bepiember, 
October,    ; 
November, 
December, 


48,200 

64,000 

70,000 
00.000 
OO.OUO 
63,000 
60,000 
00,000 
88,400 
40,000 

0 
63,000 


Tkmpbia- 

TtlRB. 

Dko.  F. 

• 

ft 

• 

1 

44 

88 

40 

88 

44 

43 

49 

46 

60 

61 

60 

65 

74 

76 

72 

76 

08 

60 

64 

67 

42 

40 

Length  of 

Time 

Sewiige 

Bemaliicd 

on 
Surface. 

Hours  and 
Mluatea. 


ISm. 

lb.  80m 

18m. 

4m. 

8m. 

6m. 

12m. 

S6m. 

4h.  86m. 

12h. 

81i.  ' 


Appbaaamcb. 


^ 

« 


o 


V.  alight. 
V.  an.* 
V.  alight. 
V.al'i.* 
V.  alight 
V.  alight. 
V.  alight 
V.  alight. 
None. 
V.  alight. 
Slight. 
V.  alight. 

y.aUght. 


.22 

.18 
.20 
.10 
.2*21 
.191 
.15 
.13 
.11 
.12 
.38 
.22 

.28 


Ammomu. 


i 


s 

o 
e 


.1688 
.1944 
.0986 
.1207 
.1606 
.0268 
.0074 
.0021 
.0883 
.0023 
.2623 
.2010 

.9000 


.0640 
.0460 
.0610. 
.0418 
.06851 
.0689 
.0363 
.028-2! 
.0368| 
.0282 
.0610 
.0616 

.0616 


A 
u 


6.82 

6.09 

6.03 

6.44 

6.37 

6.81 

8.48 

12.00 

10.60 

12.67 

12.63 

8.94 

0.6l' 


MlTKOOKir 

* 

o 

▲a 

B 

a 

s 
§ 

t  C 

^2 

i 
1 

i 

U 

s 

1 

O 

1 

2.0900 

1.6300 

1.8'iOO 

1.7800 

2.4600 

3.2500 

|4.0100 

'3.8600 

3.7000] 

{3.2000 

6.2400 

1.7100 

1.4800 


.6000' 

.6800  I 

.2176  I 

.2700' 

.0702 

.0093; 

.0660 

.0003 

.02071 

.0007' 

.0207 

.0647 

.1240 


.42 
.65 
.48 
.37 
.62 
.36 
.44 
.12 
.26 
.18 
.61 
.86 

.02 


8,800 

1,610 

&.0U0 

204 

18.000 

2.800 

1,900 

4,500 

1,900 

10,400 

37,500 

21,800 

10,800 


*  Samplea  eolleoted  before  floodtog. 

Sewage  applied,  260  gallona  aiz  tlmoa  a  week,  January  1  to  27 ;  600  gallona  three  tlmea  •  week,  Janu- 
ary 30  to  February  24;  860  gallona  aU  tlmea  a  week,  February  26  to  March  81;  800  gallona  atx  timea  a 
week,  April  1  to  September  20;  no  aewage  applied,  September  21  to  October  8;  300  gallona  alz  tlmea  a 
week,  October  9  to  29;  do  eewage  applied,  October  30  to  November  80;  800  gallona  alz  tlmea  a  week, 
December  1  to  21 ;  100  gallone  alz  limea  a  week,  December  22  to  25;  300  gallons  aiz  tlmea  a  week,  Decem- 
ber 26  to  81.  Jane  26  to  27,  ezperiment  interrupted  by  breaking  of  aewer  pipe.  Filter  protected  with 
eanyaa  cover  until  March  17.  Surface  raked  about  1  Inch  deep  each  week,  ezoept  once  each  in  January, 
February  and  December.  March  31,  surface  spaded  4  inchea  deep ;  November  8,  8  lucbea  deep ;  Novem- 
ber 17,  8  inohca  deep.    During  Deoember,  M.6  iiiohea  of  snow  and  8  inches  of  ice  removed. 


Filler  m.  7. 

Sub-surface  Application  of  Sewage.  —  This  experiment  was  dis- 
contiDued  on  July  7,  it  having  been  clearly  shown  that  the  oxidizing 
and  nitrifying  processes  can  take  place  under  suitable  conditions  in 
filters  to  which  sewage  is  applied  beneath  the  surface.  The  chief 
feature  of  the  method  to  be  considered  was  found  by  this  experiment 
to  be  the  clogging  of  the  sub-surface  pipe  in  which  the  sewage  was 
applied.  A  summary  of  the  results  of  the  investigation  upon  this 
subject  was  presented  in  the  1893  report,  page  425.  The  results 
obtained  in  1894  confirm  the  earlier  conclusions. 

The  filter  contained  44  inches  in  depth  of  mixed  coarse  and  fine 
material  of  an  efiective  size  of  0.35  millimeter,  above  which  were  10 
inches  of  loam  and  6  inches  of  soil.  The  sewage  was  applied  in  a 
circular  pipe  6  inches  in  diameter  and  18  inches  below  the  surface 
with  open  joints  every  2  feet.  This  pipe  was  clogged  at  the  begin- 
ning of  the  year,  and,  during  the  continuance  of  the  experiments  in 
1894,  as  much  sewage  was  applied  as  the  sub-surface  pipe  would 
hold.     This  quantity,  however,  was  very  small,  ranging  from  8,000 
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gallons  per  acre  in  February  to  22,000  gallons  per  acre  daily  for  six 
days  in  a  week  (calculated  for  the  entire  area)  in  May.  Owing  to 
clogging  around  the  sub-surface  pipe  this  quantity  over-taxed  the 
air  capacity  of  the  filter  in  June,  and  the  ammonias  increased  while 
the  nitrates  in  the  effluent  decreased.  The  quality  of  the  effluent, 
on  the  whole,  however,  was  very  good  under  the  circumstances,  as 
is  shown  by  the  following  table  of  monthly  averages  of  the  weekly 
analyses  of  the  effluent :  — 

Effluent  of  Filter  No.  7. 

[Paru  per  100,000.] 


1S»4. 


QaantltT 
Applied. 

Oallont 
prr  Acre 

Dally 
for  Hiz 

Dnva 
In  a  Week 


Jaoaary, 
February, 
AUrcb, 
April, 
May,  . 
June, . 


12.000 
8,000 
10.000 
10.400 
82,400 
10,000 


TBMPtBA' 

TUKB. 

Dko.  F. 


1 

• 

1 

i 

88 
88 
40 
48 
00 
60 


40 
88 
42 
46 
M 
64 


Apfbaiahcb. 

Ammosu. 

■ 

t 

1 

1 

t 

i^ 

A 

H 

o 

k 

-< 

U 

NOD«. 

.02 

.0036 

.0099 

6.19 

None. 

.02 

.0027 

.0106 

:  6.18 

None. 

.04 

.0045 

.0088 

;  8.83 

None. 

.03 

.0041 

.0084 

'  4.43 

None. 

.06  ■ 

.0299 

.0130 

7.81 

NoD«. 

.04 

1 

.1400 

.0100 

9.16 

NlTBOOn  AS 

■a 
a 

a 
m 

e 

o 

1 

i 

5 

a 

s 

S 

M 

» 

X 

o 

3.9000 

.0000 

.11 

1.2100 

.0001 

,.18 

.7800 

.0050 

.10 

2.2900 

.0003 

.12 

2.8100 

.0001 

.10 

1.8600 

.0004 

.18 

1 

9 


4 

V 


9 
6 
72 
06 
66 
80 


Sewage  applied  alz  ilmea  a  week.  June  25  to  27,  experiment  interrapled  by  breaking  of  sewer  pipe. 
July  5,  ezperirnent  diacontloued. 

Filter  No.  9  A. 

This  filter,  of  medium  fine  sand  of  an  efiective  size  of  0.17  milli- 
meter, unprotected  from  the  weather,  was  not  in  a  satisfactory  con- 
dition at  the  beginning  of  the  year  owing  to  sub-surface  clogging 
which  occurred  in  the  fall,  and  which  was  removed  on  Dec.  2, 1893. 
The  quality  of  the  effluent  in  January  was  considerably  better  than 
during  the  preceding  months,  but  this  was  accomplished,  apparently, 
by  reducing  the  rate  of  filtration  and  by  resting  for  a  short  time. 
During  the  period  of  resting,  January  15  to  21,  the  frost  increased  in 
the  sand  so  that  the  filter  was  less  porous  and  nitrification  no  greater 
at  the  end  than  at  the  beginning  of  the  month.  In  February,  sewage 
was  applied  at  a  higher  rate  but  the  quality  of  the  effluent  deteriorated 
and  did  not  show  marked  improvement  until  the  first  week  in  March. 
On  March  31,  the  surface  was  spaded  over  (corresponding  to  plough- 
ing) to  a  depth  of  4  inches,  and  the  sewage  has  been  applied  since 
April  1,  except  in  the  case  of  resting  or  interruption,  at  a  rate  of 
80,000  gallons  per  acre  daily  for  six  days  in  a  week.  The  work  of 
the  filter  was  very  satisfactory  during  the  summer  and  early  fall. 
In  October  the  ammonias  in  the  effluent  began  to  increase  and  the 
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sewage  disappeared  from  the  surface  more  slowly.  The  filter  was 
allowed  to  rest  October  13  to  27  without  disturbance  of  the  surface. 
This  did  not  remedy  matters;  and  the  filter  was  rested  again, 
November  3  to  30,  and  the  surface  spaded  over  (corresponding  to 
ploughing)  8  inches  in  depth  on  November  5  and  17.  The  results 
obtained  in  December  following  the  long  period  of  rest  were  un- 
satisfactory with  regard  to  the  quality  of  the  effluent,  and  it  appears 
that  the  activity  of  the  nitrifying  organisms  was  lessened  by  the 
long  period  of  rest.  The  work  of  the  filter  is  shown  by  the  fol- 
lowing table  of  monthly  averages  of  the  weekly  analyses  of  the 

effluent : — 

Effluent  of  Filter  No.  9  A. 

[Parte  per  100,000.] 


Quantity 
Applied. 

Oallona 
p<tr  Acre 

Dally 
for  8lx 

Davs 
in  a  Week. 

Temprba- 

TUkK. 

Dko.  F. 

Length  of 

Time 

Sewage 

Rcmalued 

on 
Surface. 

Hours  and 
Minutes. 

Appbakahcs. 

Ammoxia. 

B 

1 

g 

6.72 
6.42 

NiTSOQBM 

▲s 

i 

B 

a 

m 

1 
1 

M 
0 

0 

2 
a 

6 

1 

1 

1 

a 

0^ 

1 

i 

feS 

1M4. 

i 

s 
« 

e 

n 

January,   . 

42,200 

47 

87 

8h.           j 

Slight. 
Slight.* 

.80 
.30 

1.6680 

1.6267 

1 

.0792' 

1 

.0640| 

1.7100 
2.0200 

.0180 
.0163 

.49 
.36 

26,000 
10,«S> 

Febmary, . 

70,000 

46 

86 

7h.  2Qm.<  [ 

Decided. 
V.sl't.* 

.66 
.81 

1.8680 

1 
1.1667 

.1080' 
.0683. 

6.64 
6.27 

1.1900 
1.6900 

.0290 

.0022 

1 

.79 
36 

45,800 

20.330 

March.       . 

120,000 

40 

42 

Ih. 

V.  Blight. 

.16 

.1879 

.0443 

6.32 

3.4000 

.0105 

.26 

23,500 

April, 

80,000 

48 

44 

22m. 

V.Bllght. 

.11 

.0169 

.0260 

6.31 

3.6100 

.0006 

1 

.19 

3,900 

May,  .       . 

80,000 

1     68 

1 

68 

Om. 

V.  slight. 

.08 

.0082 

.0197 

1 

7.62 

4.0800 

.0004 

1 

.13 

604 

Jane, . 

70,800 

66 

62 

Om. 

None. 

.10 

;  .0036 

.0160 

7.96 

3.3900  .0003 

.12 

540 

July,  . 

80,000 

73 

74 

6m. 

None. 

.08 

.0096 

.0200 

9.63 

3.6600  .0015 

1 

.18 

607 

August, 

80,000 

71 

76 

10m. 

None. 

.05 

.0004 

.0163 

12.46 

3.2000 

.0005 

.14 

217 

September, 

80,000 

67 

70 

60m. 

None. 

.07 

.0007 

.0141 

11.60 

3.4300 

.0003 

.15 

462 

October,    . 

41,500 

69 

02 

2h. 

None. 

.11 

.0364 

.0216 

8.17 

3.4800 

.0012 

.16 

72* 

November, 

6,200 

62 

1 

67 

- 

- 

- 

- 

- 

- 

1 

- 

- 

Pecember, 

76,400 

1    « 

40 

lb. 

Decided. 

.45 

2.0900 

.1095 

7.22 

.8600 

.0247 

.78 

5S,M0 

*  Sample  collected  before  flooding. 


Sewage  applied,  800  gallons  six  times  a  week,  January  1  to  13;  no  sewage  applied  January  16  to  21 ; 
800  gallons  applied  January  22;  600  gallons  three  times  a  week,  January  25  to  February  24;  600  gallons 
six  times  a  weok,  February  26  to  March  31;  400  gallons  six  limes  a  week,  April  1  to  October  12;  no 
sewage,  October  13  to  28;  400  gallons  six  times  a  week,  October  29  to  November  2;  no  sewage,  Novem- 
ber  8  to  30;  400  gallons  six  times  a  week,  December  1  to  21 ;  200  gallons  six  times  a  week,  Deoember  22 
to  25;  400  gallons  six  times  a  week,  December  26  to  31.  June  25  to  27,  experiment  interrupted  by  break, 
ing  of  sewer  pipe.  Surface  raked  1  Inch  deep  three  times  each  in  February  and  December ;  once  each 
week,  March  1  to  October  31.  March  31,  surface  spaded  4  inches  deep;  November  5  and  17,  8  Inchea 
deep.  During  January,  11  Inches  of  »now  and  1 .6  Inches  of  Ice  removed ;  during  February,  82  inchea  of 
snow  and  3  inches  of  Ice  removed;  during  November,  1.6  inches  of  snow  removed;  during  December, 
19.6  inches  of  snow  and  2  inches  of  ice  removed. 
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Filler  JVb.  10. 
This  large  tank,  one  two-hundredth  of  an  acre  in  area,  wna  filled 
in  July  with  5  feet  in  depth  of  mixed  coarse  and  fine  sand,  like  that 
in  Filter  No.  6,  and  haviDg  an  effective  size  of  0.35  millimeter.  No 
coarse  material  or  under-drains  were  placed  beneath  the  sand  except 
directly  above  and  around  the  outlet  pipe.  A  partition  extending 
3  feet  below  the  surface-  was  placed  in  the  sand  separating  tbnt 
quarter  of  the  surface  which  was  farthest  removed  from  the  under- 
drains.  To  this  quarter  of  the  surface  sewage  has  been  applied 
since  July  18  at  the  rate  of  160,000  gallons  per  acre  daily  for  six 
days  in  the  week.  Up  to  December  21  the  sewage  was  applied  in 
three  doses  a  week,  afterwards  in  six  doses.  The  partition  causes 
the  sewage  to  pass  downward  for  3  feet  and  then  it  has  a  lateral 
movement  through  a  distance  of  from  12  to  16  feet.  The  doses 
appeared  to  be  too  large  for  complete  purification  during  the  winter, 
although  good  results  were  obtained  until  severe  winter  weather 
began.  In  December,  when  the  sewage  was  applied  in  an  open 
trench  dug  in  the  surface  to  a  depth  of  about  1  foot,  the  qaality  of 
the  effluent  rapidly  deteriorated,  as  is  shown  in  the  following  table 
of  monthly  averages  of  weekly  analyses :  — 

E_^iitnl  of  Filler  No.  10. 

[P*rU  per  100,000,] 


e««tgB  >pplkd,400  gillon.  Ifa>«  tlniM  ■  «<ek,  July  18 

to  DHtmbar  2i;  300  galloiu  • 

.litlroei. 

werk,  December  14  (o  SI.    Burfa»  lovhlrh  Hwige  |j  ipplEtd  [ 

ber  M,    Octdbcr  M.  wicdi  palkd  nod  enllre  toifica  r«l!«i  1  In. 

:ta  deep.    Dectmber  1,  Ircnth  ( 

pun  lo  which  trwBge  1*  .ppiled.    Durlni!  Novimbcr,  i.6  loehi 

!*  of  mow  tcmovpd  (ram  lb«  i 

low  ind  D.S  Inch  of  1«  nmc 

ivcd  from 
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Filter  No.  11  A. 

This  filter  was  filled  in  April,  1892»  with  clogged  material  (mixed 
coarse  and  fine  sand)  which  had  been  scraped  from  the  surface  of 
Filter  No.  6,  having  an  efl*ective  size  of  0.35  millimeter.  Aided  by 
occasional  aspiration,  this  filter  of  clogged  material  yielded  a  well- 
purified  efiluent  in  1892  and  1893,  as  was  shown  by  the  results 
which  were  described  and  discussed  in  the  annual  reports  for  those 
years.  The  results  obtained  in  1894  have  been  satisfactory  for  the 
existing  conditions,  and  confirmed  the  conclusions  already  presented 
in  earlier  reports.  The  only  new  feature  of  the  experiment  was  the 
application  from  April  2  to  14  of  sewage  heated  to  lOO'^F.  This 
treatment  did  not  appear  to  affect  the  working  of  the  filter  to  any 
marked  extent,  and  from  April  16  to  May  2  the  applied  sewage  was 
heated  to  150**  F.  This  temperature  interfered  decidedly  with  the 
bacterial  activity  and  the  nitrification  fell  off  rapidly  while  the  free 
ammonia  in  the  effluent  increased,  as  is  shown  by  the  analyses 
below.  After  discontinuing  the  heating  of  the  applied  sewage,  the  ni- 
trates greatly  increased.  They  decreased  again  in  July  and  August 
while  the  free  ammonia  changed  but  little.  This  was  owing,  appar- 
ently, to  imperfect  ventilation  caused  by  the  large  amount  of  stored 
organic  matter  in  the  upper  layers  of  the  filter.  After  spading  over 
the  surface  (corresponding  to  ploughing)  to  a  depth  of  12  inches  on 
September  1  the  nitrates  in  the  effluent  increased,  as  is  shown  by 
the  following  table  of  monthly  averages  of  weekly  analyses  of  the 

effluent : — 

Effluent  of  Filter  No.  11  A. 

[Parts  per  100.000.] 


Quantity 
Applied. 

Tkmpesa- 

TUBK. 

Length  of 
lime 

ArPSABAKCB. 

1 

Ammonia. 

NlTROQKX 
AS 

■d" 
«* 

B 

2 

3 

Dao.  F. 

SfWHge 

Kvmaliied 

on 

3 

0-. 

Gallons 
per  Acre 

^ 

•6 

« 

» 

O 

Bacteria  per 

1804. 

DHily 

for  six 

Days 

In  a  Week. 

1 

^ 
£ 

1 

Bnrfdce. 

Honra  and 
Minutes. 

H 

i 

1 

< 

1 

5.06 

1 

c 
«» 

o 

Jannnry,    . 

60,000 

88 

43 

50m. 

Decided. 

.34' 

.0400 

.0460 

1.7300 

.0030  .36 

38,000 

February, 

60.000 

85 

42  1 

Ih.     15m. 

Decidi*d. 

.30 

.0530 

.0590 

5.60,1.4600 

.0025  .51 

69,500 

March, 

60.000 

40 

50 

45m. 

Decided. 

.40 

.0050 

.0680 

6.13  1.8600 

.0021    .44 

49.000 

April, 

60,000 

127 

47 

45m. 

Decided. 

.50 

.1865 

.1160- 

6.47 

2.0700 

.0035  .651293,000 

May,  .        . 

60,000 

50 

56 

45m. 

Decided. 

.78 

.8300 

.1240 

7.66 

1  .7800 

.0032  >.70<  120,000 

June, . 

58,000 

65 

83  , 

45m. 

Decided. 

.76 

.7100 

.0850 

7.67 

1.0400 

.0040  |.50;   61,000 

Jaly,  . 

60,000 

76 

71  i 

1dm. 

Decided. 

1.65 

.6800 

.0740 

10.60 

.7700 

.0030 '.56    25.000 

August,     . 

60,000 

71 

72 

35m. 

Decided. 

.65 

.7400 

.0590 

110. l.*^ 

.6700 

.OOSS   .47<   52,500 

Boptember, 

60,000 

66 

67  ' 

20m. 

Decided. 

.57 

.4900 

.0560 

111. 50 

1.1900 

.0040 

.40  118,700 

October,     . 

60.000 

55 

62 

2ora. 

Decided. 

.50 

.4300 

.0540 

>0.00 

1.3700 

.0040 

.39    60,000 

November, 

60,000 

43 

44  ; 

1 

20m. 

Decided. 

.52 

.5000 

.0520 

12.30 

1.0600 

.0010 

.72    52,600 

SewAge  applied,  8  gallons  alz  times  a  week,  Jannnry  1  to  27;  6  gallons  three  timea  a  week,  Jan- 
uary 80  to  April  29;  3  gallons  six  times  a  week,  April  30  to  November  8.  April  2  to  14.  applied  sewage 
was  heated  to  lou*'  F.;  April  16  to  May  2,  to  150*  F.  Jane  26.  experiment  Interrupted  by  breakiog  of 
aewer  pipe.  Sarfiice  raked  8  inches  deep  each  week.  Match  9,  surface  spaded  6  inches  deep;.  Sep- 
tember  1,  12  inches  deep.    NoTvmber  8,  experiment  discontinued. 
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Fxltera  Ko8.  12  A,  15  B  and  16  B. 

Filter  No.  I2A9  containing  60  inches  in  depth  of  medium  sand 
of  an  effective  size  of  0.19  millimeter,  has  received  the  effluent  of 
Filters  Nos.  15  B  and  16  B  at  the  rate  of  960,000  gallons  per  acre 
daily  six  days  in  the  week. 

Filters  Nos.  15 B  and  16  B  are  filled  to  a  depth  of  65  inches  with 
gravel  stones  of  an  effective  size  of  5  40  millimeters,  and  have  purified 
sewage  at  the  rate  of  480,000  gallons  per  acre  daily,  aided  by  a  cur- 
rent of  air  constantly  drawn  downward  through  the  gravel  by  means 
of  an  aspirator  at  the  rate  of  about  one  gallon  in  four  minutes. 
Toward  the  close  of  1893  the  ventilation  of  these  two  filters  was 
incomplete,  as  was  noted  in  the  last  annual  report,  owing  to  a  leak 
around  the  outlet.  The  result  of  this  was  that  nitrification  decreased 
rapidly  and  remained  very  low  during  January  and  February,  while 
clogging  appeared  in  each  filter  on  several  occasions.  Filter  No.  15  B 
was  flushed  out  January  6  by  applying  city  water  under  pressure  from 
below.  The  aid  received  was  only  temporary,  and  on  February  1  the 
surface  was  spaded  over  (corresponding  to  ploughing)  to  a  depth  of  6 
inches.  On  January  31  No.  16  B  was  spaded  over  to  a  depth  of  12 
inches.  There  was  no  marked  improvement  in  the  quality  of  either 
effluent  although  the  sewage  disappeared  rapidly,  and  on  February 
9  an  iron  pipe  three- fourths  of  an  inch  in  diameter  was  put  into  the 
middle  of  each  filter,  reaching  from  the  top  to  within  about  6  inches 
of  the  bottom.  The  lower  end  of  each  pipe  was  plugged  and  there 
was  a  series  of  perforations,  one-fourth  of  an  inch  in  diameter, 
near  the  end.  The  aspirators  were  disconnected  from  the  filters  at 
the  bottom  of  the  tanks  and  attached  to  the  upper  end  of  these  pipes. 
There  was  so  much  organic  matter  stored  in  the  filters  that  com- 
plete ventilation  was  not  obtained.  On  February  23,  Filter  No. 
15  B  was  flushed  out  again  by  applying  city  water  under  pressure 
to  the  outlet  for  six  hours.  Satisfactory  results  followed  this  treat- 
ment. Filter  No.  16  B  was  rested  February  23  to  March  8  and  was 
given  a  flushing  similar  to  that  given  to  15 B,  but  of  longer  duration, 
on  March  3  and  4.  The  quality  of  the  effluent  from  this  filter  did 
not  show  improvement,  however,  and  on  March  24  the  gravel  stones 
were  removed  and  replaced  after  washing  with  a  hose.  The  sur- 
face of  each  filter  was  raked  3  inches  in  depth  daily  until  February 
23  and  once  a  week  after  April  30. 
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Good  results  have  been  obtained  from  these  gravel  filters  during 
the  remainder  of  the  year  with  the  exception  of  those  from  Filter  No. 

15  B  through  June,  July  and  August,  when  considerable  sludge  was 
detached  from  the  stones  and  made  its  way  into  the  effluent.  This 
is  apparent  in  the  analyses  for  those  months  given  in  the  tables 
beyond,  where  it  will  be  seen  that  the  free  ammonia,  soluble 
albuminoid  ammonia  and  nitrates  were  practically  normal  at  this 
time.  It  will  also  be  noticed  that  the  rate  of  filtration  of  Filter 
No.  12  A  was  lower  than  usual.  This  was  caused  by  some  of  the 
effluent  having  been  drawn  over  into  the  aspirator.  To  remedy 
this,  the  aspirators  have  been  run  only  at  night  since  September 
1  for  twelve  to  sixteen  hours  daily,  and  much  better  results  have 
followed  with  regard  to  albuminoid  ammonia.  The  nitrates  have 
remained  high  and  practically  no  effluent  has  passed  through  the 
aspirator.  It  is  to  be  noted  here,  however,  that  in  the  case  of 
Filter  No.  15  B  the  sewage  disappeared  from  the  surface  less  readily 
in  the  month  of  December. 

Filter  No.  12  A  became  badly  clogged  early  in  January  in  conse- 
quence of  the  clogging  of  the  gravel  filters.  From  January  12  to  28 
the  effluent  of  Filters  Nos.  15  B  and  16  B  was  applied  to  the  new  Fil- 
ter No.  14 A  (see  below),  of  same  construction  as  No.  12  A,  which 
was  allowed  to  rest.  On  January  29  the  effluent  was  again  applied 
to  No.  12  A,  and  in  two  days  it  was  again  clogged  so  that  the 
effluents  from  Nos.  15  B  and  16  B,  while  these  filters  were  in  such 
unsatisfactory  condition,  were  allowed  to  run  to  waste,  February  3  to 
26.  From  February  27  to  March  4,  this  filter  received  the  effluent 
of  Nos.  15  B  and  15  C,  the  latter  a  new  filter  of  similar  construc- 
tion to  Nos.  15  B  and  16  B.     After  the  older  filters,  Nos.  15  B  and 

16  B,  were  flushed  out  and  aerated  so  that  nitrification  was  re- 
established in  them.  No.  12  A  took  both  effluents  without  difficulty 
and  gave  an  excellently  purified  effluent,  as  is  shown  by  the  tables 
of  analyses  beyond.  The  effluent  of  No.  15  C  was  not  applied  to 
Filter  No.  12  A  after  March  4.  Up  to  June  19  the  surface  was 
scraped  when  necessary  to  relieve  clogging.  The  average  interval 
between  scraping  was  seventeen  days  and  the  average  depth  scraped 
0.17  of  an  inch,  equivalent  to  12  cubic  yards  of  material  removed 
per  1,000,000  gallons  filtered.  This  quantity  was  so  great  that  the 
practice  of  scraping  was  abandoned  and  the  surface  raked  to  a  depth 
of  3  inches  twice  a  week.     This  gave  satisfactory  results  even  when 
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mnch  suspended  matter  was  discharged  upon  the  surface  with  the 
effluent  from  Filter  No.  15  B.  The  excessive  amount  of  sludge  was 
a  factor  in  producing  clogging  at  the  surface  in  the  early  fall.  To 
afford  relief  the  surface  was  spaded  (corresponding  to  ploughing) 
6  inches  in  depth,  September  6  and  October  27,  and  8  inches  in 
depth  on  November  21.  It  was  rested  from  October  2  to  8,  and 
from  October  27  to  November  11,  and  was  in  excellent  condition  at 
the  close  of  the  year. 

FUter  No.  14  A. 

This  filter  contains  the  original  under-drains  of  Filter  No.  14, 
above  which  are  60  inches  of  medium  fine  sand  like  that  of  No.  12  A 
and  having  an  effective  size  of  0.19  millimeter.  From  January  12 
to  27  it  was  used  as  a  substitute  for  Filter  No.  12  A  and  received  the 
effluents  from  Filters  Nos.  15  B  and  16  B  at  the  rate  of  960,000 
gallons  per  acre  daily  six  days  in  the  week.  Five  days  after  this 
new  filter  was  put  in  operation  the  surface  became  clogged  and  was 
raked  to  a  depth  of  2  inches.  Two  days  later  clogging  again  ap- 
peared and  the  surface  was  raked  3  inches  deep.  This  raking  was 
repeated  on  the  following  day,  after  which  it  was  necessary  to  spade 
the  surface  to  the  depth  of  6  inches  daily.  The  application  of  the 
effluent  from  the  gravel  filters  was  discontinued  January  27,  fifteen 
days  after  this  substitute  filter  was  put  in  operation.  Analyses  of 
the  effluent  are  presented  in  the  table  beyond,  where  it  will  be 
noted  that  there  was  but  little  more  nitrification  on  January  24  than 
existed  in  the  effluent  of  Filter  No.  16  B,  and  this  was  very  pos- 
sibly effected  by  the  old  under-drains,  which  were  seeded  with  the 
organisms  of  nitrification.  The  free  ammonia  and  oxygen  consumed 
increased  during  the  short  duration  of  the  experiment. 

Filter  No.  15  O. 

This  filter  was  constructed  February  27  of  new  materials,  consist- 
ing of  the  usual  under-drains  beneath  60  inches  in  depth  of  gravel 
stones  of  an  effective  size  of  5.40  millimeters.  Air  was  constantly 
drawn  downward  through  the  filter  at  the  usual  rate  by  means  of  an 
aspirator  attached  to  an  iron  pipe  of  similar  arrangement  to  those 
put  into  Fillers  Nos.  15  B  and  16  B  on  February  9.  The  rate  of 
filtration  was  480,000  gallons  per  acre  daily  for  six  days  in  the  week. 
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Up  to  April  30  the  surface  was  not  disturbed.  After  that  time  it 
was  spaded  once  a  week  to  a  depth  of  about  6  inches. 

This  experiment  was  undertaken  partly  with  a  view  to  obtaining 
a  substitute,  if  necessary,  for  Filters  Nos.  15  B  and  16  B,  but  as  the 
efficiency  of  these  filters  became  fully  restored  the  experiment  was 
discontinued  June  1.  The  sewage  on  all  occasions  disappeared 
immediately,  as  will  be  seen  from  the  table  of  monthly  averages  of 
weekly  analyses.  The  quality  of  the  effluent  in  May  was  very  satis- 
factory. It  is  also  instructive  to  note  that  nitrification  began  about 
April  25,  eight  weeks  after  the  beginning  of  the  experiment. 

The  results  from  this  set  of  experiments  are  summarized  and  dis- 
cussed on  pages  536-541. 

Effluera  of  Filter  Ko.  12  A. 

[Parti  p«r  100,000.] 


Qaantitr 
Applied. 

Galione 

per  Acre 

Daily 

for  .Six 

Unyn 

In  a  Week. 

Tkmpkba- 

TL'RB. 

Dko.  F. 

Length  of 

Time 
Filtered 
'  SewHire  Re- 
mained 
,  on  surface. 

Hour*  and 
Minutes. 

APPKABiLNOB. 

AHKOVtA. 

s 

X 

B 

xi 

5.72 

NITROOKN    ' 

AB 

• 

B 

3 

Cubic  1 

• 

1 

• 
ft* 

2 
5 

i 

Albu- 
minoid. 

1 

1 

S 

B    1       a>3 

ISM. 

Applied 
KfHuent* 

i 

0 

B 
& 

0 

Janaary,    . 

872.000 

41 

45 

1                      1 
3h. 

N'one. 

1 
.25 

.4000 

.0433 

1.4700 

1 
.0080' 

.29 

1 

2,500 

February, . 

114,000 

40 

44 

2h. 

v.  Blight. 

.17 

.0226 

.0280 

3.01 

!l.620O 

1 

.0012 

.26 

8,200 

March, 

904,000 

46 

49 

Ih. 

CTone. 

.13 

.0446 

.0206 

1 

5.99  1.8100 

1  1 

.0006 

.20 

380 

April, 

900,000 

47 

49 

Ih.  40m. 

None. 

.14 

.0142 

.0216 

6.80!  12.5100 

.0007 

.24 

m 

May,  .       . 

910,000 

66 

57 

Ih.  40m. 

None. 

.18 

.0017 

.0218 

6.91 

1.890O 

1 

.0000  .28 

289 

Jane, .       . 

836,000 

65 

62 

lb. 

None. 

.16 

.0016 

.0212 

j 

8.70 

,2.1200 

.0000  |.22 

227 

July, . 

850,000 

70 

72 

60m. 

Nooe. 

.16 

.0013 

.0187 

10.88 

1.0800 

.0000 

1 

.23 

805 

Aagnst,     . 

704,000 

70 

71 

Ih.  20m. 

Nona. 

.13 

.0014 

.0201 

13.99 

1.8300 

.0000 

.20 

207 

September, 

922,000 

65 

67 

Ih. 

None. 

.10 

.0017 

.0181 

10.04 

2.3700  .0000 '.22 

1 

483 

October,    . 

524,000 

56 

55 

5h. 

None. 

.11 

.0620 

.0200 

15.86 

3.1900  .0009  .21 

1 

840 

VoTember, 

520,000 

42 

44 

Ih. 

v.  Blight. 

.18 

.0974 

1 

.0353 

8.47 

3.0000  .0061 

1 

.28 

7,800 

December, 

760,000 

42 

45 

Ih. 

None. 

.21 

.0019 

.033o     S.08' 2.1000.0000' 

1>          1                       1 

.31 

840 

•  From  Nob.  15  B  and  16  B. 


EfBaent  of  Flltera  Nob.  15  and  16  applied  thlrty-alx  ttmea  a  week,  January  1  to  11;  none  applied, 
January  12to28;  ihlrty.alz  times  a  week,  January  26  to  February  1 ;  none  applied,  February  3  to  26;  thirty- 
bIz  times  a  week,  February  27  to  September  1 ;  thirty  times  a  week,  September  3  to  October  1 ;  none  ap> 
piled,  October  2  to  8;  thirty  times  a  week,  October  9  to  26;  none  applied,  October  27  to  November  11; 
twenty-four  times  a  week,  November  12  to  December  31.  June  25  to 27,  ezperlroont  interrupted  by  break- 
ing of  sewer  pipe.  Surface  raked  3  incheB  deep  twice  weekly  after  June  21.  January  2,  surface  dla* 
tnrbed  8  Inches  deep ;  September  6  and  October  27,  6  inches  deep ;  November  2,  8  inches  deep.  Barface 
Bcraped,  and  washed  sand  from  previous  scraping  generally  replaced,  on  following  datea:  February  It 
Mjirch  19  and  23,  April  0  and  18,  May  2  and  31,  June  19  and  (by  accident)  Joly  6. 
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Effluent  ofFiUer  No.  16  B. 

[Put*  POT  100,000.] 


Quanticy 

TSMPKBA- 

■■■1  MM 

Lenirtlior 

Apfbaiasob. 

AXMOSIA. 

HmoosK 

t 

1 

0 

AppUed. 

TUBS* 

DBO.F 

Time 

aa 

0 

..  ml 

Aewage 

Allmnilaold. 

0 

MM. 

Gallons 

Senaained 

s 

S.S 

per  Acte 

on 

• 

1 

0 

Dally 
for  mx 

t 

«j 

Snrlkoe. 

1 

i 

• 

1 

i 

1 

ll 

Dars  In  a  > 
Week. 

i 

Hon  re  and 
Minutes. 

1 

1 

1 

1 

3 

6.50 

t 

I 

p 

Jan ,    . 

480.000 

S8 

42 

Sm. 

Dedded. 

.91 

1.6400 

.2244 

.1624 

.1700 

.0466 

1.96468,000 

Feb.,   . 

448,000 

S6 

41 

4iii. 

Decided. 

.96 

1.6300 

.2615 

.1685;!  6.08 

.1800 

.0019 

.1.60,252,000 

Mar.,  . 

480,000 

40 

46 

Dm. 

Decided. 

.70 

.5875 

.1870 

.0955' 

5.71 

1.4600 

.0053;  .88;i62,500 

April, . 

480,000 

48 

43 

12m. 

Decided. 

.78 

.8875 

.1510 

.1065 

6.88' 

.8400 

.0110;1.0M96.600 

May,    . 

480.000 

59 

67 

6m. 

Decided. 

.58' 

.8080 

.1980 

.0852 

6.9811.6600 

.0088  1.07  171.000 

Jane,  . 

438,000 

05 

65 

Im. 

1  Decided 

.56 

.5800 

.5880 

.0856 

7.58,11.7600 

.0115;  2.80  284.200 

July.  . 

480,000 

75 

70 

Om. 

Decided. 

.97 

.9700 

.6005 

.0975 

8.05 

11.4800 

.0847  3.44!298,700 

Aug.,  . 

480,000 

71 

70 

Om. 

Decided. 

.65 

.6725 

.4460  .0925' 

10.87 

11.6400 

.0049  2.18  311,000 

8ept.,  . 

480,000 

M 

66 

Om. 

Dvddcd. 

.59'  .8683 

.2538' .0880 

8.75  1.9800 

.0422  1.44  149,800 

Oct.,    . 

480,000 

56 

66 

Om. 

Decided. 

.60  1.4450 

.1705.1250 

9.75,  1.4400 

.0120  1.20,540,000 

Not.,  . 

480,000 

43 

43 

Om. 

Dedded. 

.95, 

2.8088 

.2249;.1867| 

7.94;    .9900 

.0410  1.60|350,U00 

Dee,  . 

480,000 

SB 

48 

S4m. 

Decided. 

.57 

.9767 

.1518  .1847 

9.82  1.4600 

.1720  1.07  316,500 

Bewa^  applied,  S  gallone  MTenty-two  times  a  week.  No  sewage  applied  Febniary  23  to  27. 
Flooded  from  below  with  city  water  and  then  drained,  January  6  and  Febmary  28.  June  26  to  27,  ex- 
periment Interrupted  by  breaking  of  sewer  pipe.  Filter  aspirated  contlnuoosly  from  January  1  to  Au- 
gust 8l«  after  which,  aspirated  12  to  16  hours  per  day  at  night.  Until  February  9,  aspiration  was  through 
hole  near  outlet  pipe,  after  which  date  it  was  through  a  pfpe,  ]  Inch  in  diameter,  driven  through  the 
filtering  material  nearly  to  the  bottom.  Surface  raked  3  inches  deep  dally,  until  February  23;  once 
each  week,  April  30  to  December  81.    Surface  spaded  6  Inches  deep  February  1. 


Effluent  of  Filler  No.  16  B. 

[Parts  per  100,000.] 


Quantity 

Tkmpksa- 

Length  of 

ArPBAIAXCX. 

Ammoxia. 

NiTBOoax 

t 

1 

Applied. 

Tuaa. 
Deo.  F. 

Time 
Sewage 

AB 

1 

s 
a.  ti 

Gallons 

Kemalned 

6 

It 

ISM* 

p«r  Acre 

on 

• 

■ 

S 

Daily 
fur  Mix 

t 

4i 

1 

Surface. 

^ 

• 

• 

i 

i 

1 

6.65 

• 

• 

Days  in  a 
Week. 

1 

Hours  and 
Minutes. 

1 

I 

1 

1 

0 

3 

.1686 

S 

s 

M 

O 

II 

Jan.,    . 

466,000 

88 

41 

4tai. 

Decided. 

.64 

1.9140 

.2636 

.0600 

1 
.0162 

;2.07 

302,000 

Feb.,   . 

400,000 

36 

40 

8m. 

Decided. 

.48.2.8400 

.3196 

.16801 

6.71 

.0400 

.0010  1.79:327.200 

March. 

420,000 

40 

46 

Om. 

Decided.  .79     .9050 

.1405 

.iiio; 

5.63 

.6900 

.0037 

.97  182,IH>0 

April, . 

480,000 

48 

47 

12m. 

Decided.  .94 

1.7550 

.1605 

.1870. 

6.85 

.8400 

.0250 

1.10  207,200 

Miy,    . 

480,000 

69 

66 

Im. 

Decided.  .43    .4268 

.1066 

.0800 

7.22 

1.8UU0 

.0166;   .60!  187,000 

June,  . 

440,000 

65 

66 

Om. 

Decided.  .47     .8400 

.2100 

.0615 

7.27 

1.9800 

.0062 'l.00|  135,700 

July,  . 

480.000 

75 

71 

Om. 

Decided.  .90,    .8065 

.128U 

.0820,i  7.75 

1.8400 

.0072,  .99:212,600 

Aug.,  . 

480,000 

71 

71 

Om. 

Decided. 

.46i  .8150 

.2885 

.0605  10.02 

1.6200 

.0177'  .58  250,500 

Sept.,  . 

480,000 

66 

66 

Om. 

Decided. 

.53,    .7700 

.1433 

.08U0 

8.64  2.2000 

.0987     .78  195,300 

Oct.,    . 

480.000 

66 

66 

Om. 

,  Decided. 

.56     .8975 

.1195 

.0975 

10.28  1.8400 

.0057"    .80!327,700 

AOT.,  • 

480.000 

43 

41 

Om. 

,  Decided. 

.60  1.2167 

.1587 

.1267 

8.22,  2.240U 

.0080     .96  281,400 

Dec.)   • 

474,000 

88 

41 

Im. 

Decided. 

.51 

•  .8133 

.168i> 

.1147 

1 

8.78  J.480O 

1 

.08101  1.17  295,500 

1 
1 

Sewage  applied,  2  gallons  seventy-two  times  a  week.  No  sewage  applied  Febmary  23  to  March  5. 
Drained  February  28.  Flooded  with  city  water  from  below  March  2  and  3.  June  25  to  27,  experiment 
interrupted  by  breaking  of  sewfr  pipe.  Filter  aspirated  continuously  from  January  1  to  August  81; 
after  which  aspirated  12  to  16  hours  dally  at  night.  Until  February  9,  aspiration  was  through  hole  near 
outlet  pipe,  after  which  date  It  was  through  a  pipe,  X  inch  In  diameter,  driven  through  the  filtering 
material  nearly  to  the  bottom.  Surfaee  raked  8  inches  deep  dally,  until  February  28;  once  each  week, 
April  80  to  December  81.  Snrface  apaded  1  foot  deep,  January  81.  Gravel  taken  out,  washed  and 
replaced,  March  24. 
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Effluent  of  Filter  No.  IS  0. 

(Patta  per  100,«00.] 


Quantltv 
Applied. 

Qallons 

per  Acre 

Dally 

fur  Hlx 

Days 

in  a  Week 

Tempera- 
ture. 

Deg.  F. 

Length  of 

Time 

Sewage 

Remained 

on 
Rurface. 

Hours  and 
Minutes. 

Apfbaxavcs. 

Ammonia. 

■ 

a 

Z 
O 

5.63 
7.05 
7.43 

MiTBOQBN 
AS 

• 

S 

a 
• 
e 

5 

c 

M 

o 

2 

a 
y  .1 

ISM. 

1 

.00 
.01 
.50 

1 

• 

1 

i 

£ 

4 
S 

ii 

March,   . 
April,     . 
May,       . 

480,000 
480,000 
480,000 

44 

45 
57 

0 
0 
0 

Decided. 
Decided. 
Decided. 

1.8725 

2.8600 

.7235 

.1790 
.2040 
.1255 

.0240 

.2230 

2.3100 

.0008 
.0052 
.0402 

1.17  169,000 

1.22  228,750 

.81  170,000 

Effluent  of  FUler  No.  14  A. 

[Pftrte  per  100,000.] 


Quantity 
Applied. 

Gallons 

p«:r  Acre 

Dally 

fur  Mix 

Days 

In  a  Week. 

Tempera* 
ture. 

Deg.  F. 

Len^h  of 

Time 

Sewage 

Bentalued 

on 
Surface. 

Hounand 
Minutes. 

Appkarakcx. 

AXMOMIA. 

1 

4.81 
5.06 
5.60 

NiTROOBV 
A8 

Oxygen  Consumed. 

o 

Z 
a 

18M. 

1 

a 

1 

Albu- 
minoid. 

• 

c 
1 

■ 

■c 

ii 

•  a 

•  'J 

S3 

Jao.  16,  . 
"    17,  . 
"    24,  . 

480,000 
480,000 
480,000 

42 
44 
44 

- 

None. 

V.slight. 

None. 

.16 
.10 
.10 

1.1200 
1.4400 
1.6800 

.0480 
.0480 
.0480 

.1500 
.0400 
.2000 

•             •             • 

.18 
.29 
.35 

10,800 

54,000 

1,000 

FUter  m.  13 A. 

This  filter  contains  60  inches  in  depth  of  medium  fine  sand  of  an 
effective  size  of  0.19  millimeter,  and  has  received  the  supernatant 
liquid  from  sewage  which  has  been  allowed  to  settle  without  chemi- 
cals for  four  hours.  The  rate  of  filtration  for  1893  was  480,000 
gallons  per  acre  daily  for  six  days  in  the  week,  —  a  quantity  which 
overtaxed  the  capacity  of  the  filter,  which  was  allowed  to  rest  from 
Dec.  23,  1893,  to  tTan.  8,  1894.  From  this  time  until  May  21  the 
rate  of  filtration  was  240,000  gallons  per  acre  daily  for  six  days 
in  the  week.  This  rate  also  was  found  to  be  too  great  for  complete 
purification,  and  after  resting  the  filter  from  May  21  to  31,  inclusive, 
it  was  reduced  to  160,000  gallons  per  acre.  From  January  8  to 
May  21  the  surface  was  scraped  when  necessary  to  relieve  clogging 
and  was  not  raked.  It  was  scraped  during  this  period  six  times, 
an  average  of  once  in  19  days.     The  average  depth  removed  was 
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0.16  of  an  inch,  eqaivalent  to  18  cubic  yards  per  1,000,000  gallons 
filtered.  Since  June  it  has  been  raked  twice  a  week  to  tlie  depth 
of  about  3  inches  and  very  satisfactory  results  have  been  obtained, 
as  is  shown  by  the  following  table  of  monthly  averages  of  weekly 
analyses  of  the  effluent.  The  results  are  summarized  and  discussed 
on  page  538. 

Effluent  of  Filler  No.  13  A. 

[PftfU  par  100,000.] 


Qniintity 
Applied. 

Gallons 
p«r  Acre 

D*liy 
lor  Mx 

D«Te 
in  a  VVeek. 

Tempera- 
ture. 

D««.  F. 

Lenath  of 

Time 

Sewafa 

Remained 

on 
Sanaae. 

Hoaraand 
Mlnataa. 

APPaABAKCB. 

AMMOaXA. 

s 

6.22 

HiTBOoav 

Aa 

1 

0 

1 

Coble 

r. 

18»4. 

^ 

1 

1 

.2100 

.0486 

g 

i 

a: 
.0282 

Jumary,   . 

240,000 

44 

ah.     16m. 

V.allcbt. 

1 
.18 

1 

2.7000 

.24 

12,260 

Fabmary, . 

240,000 

46 

8h. 

None. 

.11' 

1 

.0280 

.0260 

6.72 

2.8600 

.0018 

.21 

1,000 

March,      . 

240,000 

48 

111.    20in. 

None. 

.11 

.0048 

.0268 

6.82 

2.6000 

.0003 

.18 

1,800 

AprU« 

240,000 

40 

8h. 

None. 

.25 

aaoa 

.0882 

8.26 

1.8000 

.0080 

.80 

1,000 

May. .       . 

161,000 

67 

2h.    40iB. 

Slight. 

.26 

.8824.0446 

8.14 

2.4100 

.0627 

.49 

6,200 

JaiMa 

144,000 

08 

16ai. 

SUght. 

.17 

.1873 

.0208 

8.88 

4.6700 

.0045 

.19 

967 

Jaly, . 

100,000 

70 

Urn. 

None. 

•"! 

.0001 

.0273 

12.31 

2.8700 

1 

.0011 

.19 

746 

Aagnat,     • 

100,000 

88 

90n. 

None. 

1 

.07 

.0080 

.0800 

9.00 

2.7100 

.0005 

.10 

880 

Seplamber, 

100,000 

87 

14m. 

None. 

.10 

.0098 

.0280 

10.26 

3.1800 

.0062 

.18 

1,400 

October,    . 

100,000 

66 

2001. 

None. 

.10 

.0081 

.0208 

11.82 

2.8600 

.0008 

.16 

1,800 

KoTember, 

100,000 

44 

41m. 

Nona. 

1 
.12 

.0170 

.0190 

11.86 

,          1 

2.4400 

.0005 

.18 

2,800 

Deoember, 

100,000 

44 

Uu      8m. 

None. 

1 

.18 

j 

.0261 

.0215 

1          1 
7.32 

2.1700 

.0006 

.19 

146 

No  aewage  applied  the  two  weeka  praeeding  January  8;  aettled  aewage  applied,  8  galloni  twenty- 
fonr  tlmai  a  week,  January  8  to  May  21;  nono  applied  May  21  to  31;  eettled  eewage  applied,  4  gallona 
twelve  tlmea  a  week,  Jane  1  to  December  81.  June  26  to  27,  experiment  Interrupted  by  breaking  of 
newer  pipe.  Burfaoe  raked  8  Inchea  deep  twice  each  week  after  June  1;  4  incbea  deep  January  19  and 
24.  Surface  foraped  January  18»  February  2,  6,  23,  March  16,  April  6  and  28.  Waahed  sand  replaced 
after  aeraping,  February  6, 28,  March  16,  April  6  and  28. 


FHierNo.  14  A. 

This  filter,  containing  60  inches  in  depth  of  medium  fine  sand  of 
an  effective  size  of  0.19  millimeter,  was  constructed  Jan.  12,  1894, 
and  was  used  until  January  27  as  a  substitute  for  No.  12  A,  ds  is 
described  on  page  558.  It  was  allowed  to  rest  until  June  1,  since 
which  it  has  received  sewage  which  has  been  strained  through  coke. 
The  depth  of  coke  supported  by  a  thin  layer  of  sand  in  the  strainer 
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has  varied  from  1.5  to  8  inches,  as  is  shown  in  the  foot-notes  to  the 
table  of  monthly  averages  of  the  weekly  analyses  presented  beyond. 
A  depth  of  6  inches  is  preferable  to  that  of  1.5  inches.  It  is  esti- 
mated that  the  removal  of  clogged  coke  in  the  case  of  ordinary 
sewage  would  range  from  5  to  8  cubic  yards  per  1,000,000  gallons 
strained.  The  rate  of  filtration  was  320,000  gallons  per  acre  daily 
for  six  days  in  the  week  up  to  November  6,  when  it  was  increased 
to  480,000  gallons  per  acre.  This  seemed  to  overtax  the  capacity 
of  the  filter  and  on  December  26  the  surface  was  spaded  over  (cor- 
responding to  ploughing)  to  a  depth  of  6  inches  while  the  rate  was 
reduced  to  320,000  gallons  per  acre.  The  surface  has  been  raked 
twice  weekly  to  the  depth  of  about  3  inches.  It  will  be  seen  from 
the  following  table  of  analyses  of  the  effluent  that  good  results  have 
been  obtained  from  this  method  of  purification.  The  results  are 
discussed  on  page  538. 


Effluent  of  Filter  No.  14  A. 

[Pftrte  per  100,000.] 


Qaantlty 
Applied. 

Gallons 

per  Acre 

Oaily 

for  Six 

itars 

In  a  Week. 

Tempera* 
ture. 

Deg.  F. 

Lenffth  of 

Time 

Sewaire 

Rematued 

on 
Surface. 

Hours  and 
Minutes. 

Appkaravcx. 

Ammoma. 

1 

s 

7.67 

14.86 

1 
20.81 

9.19 

13.01 

8.40 

9.24 

NlTBOOXK 
AS 

Oxygen  Consumed.  1 

9 

3 

9 

18M. 

• 

1 

1 

t 

• 

< 

i 

s 

if 

e 

June, 
July, . 
Auguit,    . 
September, 
October,    . 
November, 
December, 

290,'MN) 
820,000 
820,000 
820,000 
820,000 
468,000 
890,000 

02 
70 
08 

64 
44 
44 

Ih.     25m. 

lOro. 

40m. 
7m. 

12m. 

26m. 
Ih.     80m. 

None. 
None. 
None. 
None. 
None. 
None. 
None. 

.10 
.12 
.07 
.06 
.00 
.16 
.28 

.2011 
.0008 

.0007 
.0014 
.0470 
.3720 
.0108 

.0214 
.0161 
.0166 
.0190 
.0188 
.0260 
.0373 

2.8600 
2.8800 
1.0800 
2.6200 
3.0400 
2.6600 
2.4800 

.0267 
.0000 
.0000 
.0080 
.0160 
.0048 
.009?' 

! 

.21 
.17 
.16 
.18 
.16 
.29 
.43 

ITS 
121 
129 
242 
138 
2,000 
240 

Four  gallons  of  sewage,  strained  through  1.6  inches  of  coke  and  aerated  20  mlnntee,  applied  twenty* 
foar  tlmeea  week  from  June  1  to  August  1;  sewage  applied  without  aeration  and  without  straining, 
August  I  to  6;  4  gallons  of  sewage,  strained  through  IJ^  Inches  of  coke,  applied  twenty.fotir  times  a  week, 
AuguatO  to  October  18;  4  gallona  of  sewage,  strained  ihroogh  6  inches  of  coke,  applied  twenty  foar 
Umes  a  week,  October  19  to  November  6;  4  gallona  of  sewage,  strained  through  0  inches  of  coke,  applied 
thirty-slz  times  a  week,  November  6  and  7;  4  gallons  of  sewage,  strained  through  8  loehes  of  coke,  ap- 
plied thirty-six  times  a  week,  November  8  to  December  22;  none  applied  December  23  to  26;  4  galloDS 
twenty-four  limes  a  week,  December  27  to  81.  June  26  to  27,  experiment  interrupted  by  breaking  of 
sewer  pipe.  Surface  raked  3  inches  deep  twice  eaoh  week.  Deceml>er  26,  surface  spaded  6  inches 
deep. 
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Filter  m.  17  A. 

This  filter  contains  60  inches  in  depth  of  medium  fine  sand  of  an 
ejBTective  size  of  0.17  millimeter,  together  with  four  layers  of  fine 
marble  dust,  about  one-half  inch  in  depth,  and  distant  from  the  top 
of  the  under-drains  1,3,4  and  4.75  feet,  respectively.  It  has  received 
sewage  to  which  sulphuric  acid,  equal  to  49  parts  of  actual  H2SO4 
per  hundred  thousand,  has  been  added.  The  rate  of  filtration  has 
been  60,000  gallons  per  acre  daily  for  six  days  in  the  week  and  the 
quality  of  the  efiiuent,  on  the  whole,  has  been  satisfactory,  as  is 
shown  in  the  table  below  of  monthly  averages  of  the  weekly  analy- 
ses of  the  efiiuent.  The  ventilation  was  incomplete,  however,  in 
November  and  December,  owing  to  the  organic  matter  in  the  upper 
layers  and  the  quality  of  the  efiiuent  deteriorated. 

Acid  sewage  had  been  applied  to  this  filter  since  Oct.  26,  1890, 
and  the  results  show  conclusively  that  such  sewage  may  be  regularly 
purified  by  sand  filters  to  which  a  small  amount  of  limestone  has 
been  added  in  the  upper  layers  in  order  to  neutralize  the  acid.  The 
treatment  of  acid  sewage  has  been  discussed  in  the  annual  report  for 
1891,  and  the  later  results  have  confirmed  the  earlier  conclusions. 
The  only  additional  point  of  importance  to  note  is  the  disadvantage 
of  placing  the  marble  dust  in  horizontal  layers  because  the  ventilation 
is  impaired  after  continued  use,  owing  to  the  differences  in  capil- 
larity of  adjoining  layers.  The  work  of  the  filters  by  years  is  as 
follows :  — 


Table  showing  Yearly  Averages  of  Results  of  Analyses  of  Effluent  oj  Filter 

No.  17  A. 

[Parti  p«r  100,000.] 


Quantity 
AppUed. 

Qalloneper 
Acre  Dally 

for  Six 

Days  Id  a 

Week. 

1 
1 

Tempera- 
ture. 

Deg.  F. 

AXMOVIA. 

1 

MlTKOOSM  Aa 

F 

ll 

U 
1^ 

DATS. 

i 

-< 

S 

r 

1800,  .... 

1801,  .... 
1808,    .... 

1804 

66,800 
66,600 
60,700 
68,600 
69,700 

68 
68 
64 
64 

64 

.1668 
.0121 
.0118 
.2776 
.8902 

.0197 
.0180 
.0142 
.0380 
.0210 

6.76 
6.61 
7.06 
8.S8 
8.37 

1.6900 
2.4677 
2.4786 
2.6010 
2.0100 

.0086 
.0021 
.0014 
.0082 
.0086 

.18 
.16 
.17 
.28 
.20 

100 

6 

10 

360 

260 

Average,     . 

68,900 

64 

.1611 

.0204 

7.88 

2.3726 

.0038 

.10 

140 
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Effluent  of  Fitter  No.  17  A. 

[PmU  per  100,000.] 


Quantity 
Applied. 

OaUons 
per  Acre 

Dally 
fbr  Six 

Days 
In  a  Week. 

Tkmpkra- 

TUXS. 

Dso.  F. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hours  and 
Minutes. 

'  AFPSAXAirCK. 

AmcomA. 

e 

1 
6.46 

>    NiTBOOBir  1 

▲a 

1 

i 

3 

1                          • 

1 

1 

Albu- 
minoid. 

1 

i 

2S 

M 

6 

6 

i 

o 

bs 

ISM. 

1 

1 

i 

Bacteria  p< 
Oeiitlne 

January,  . 

60,000 

88 

88 

S  h.  40  m. 

Kone. 

.00 

.0886  .0106 

2.6400 

.0007 

...    * 

February, 

00,000 

86 

48 

10  m. 

V.  slight. 

.11 

.2650 

.0200 

4.75 

2.2800 

.0006 

r 

.24         20 

llar«h,      . 

00,000 

40 

44 

25  m. 

Slight. 

.11 

.1200 

.0250 

4.17| 

2.1400 

.0007 

.2^          4 

ApiU, 

60,000 

48 

45 

26  m. 

V.  alight. 

.18 

.4760 

.0200 

5.96 

2.6400 

.0080  .27 

150 

May.. 

60,000 

60 

68 

6  m. 

V.  alight. 

.11 

.0662 

.0180 

6.73 

4.0400 

.0040  .19 

1 

800 

Jone, 

66,000 

66 

62 

5  m. 

V.  Blight. 

.14 

.0058 

.0180 

O.ll 

8.6000  .0002  .19 

190 

July, . 

60,000 

76 

72 

6  m. 

None. 

.00 

.0024 

.0149 

12.42 

3.6300  .0001' 

.16 

60 

▲ajHUt, 

60,000 

Tl 

71 

5  m. 

None. 

.08 

.0015 

.0141 

8.85 

3.0400  .0001 

.11 

T 

September 

,       60,000 

66 

68 

.7  m. 

None. 

.11 

.0006 

.0124 

10.82 

8.2100*  .oooo; 

.15 

40 

October, 

60,000 

66 

67 

12  m. 

Slight. 

.14 

.0527 

.0128 

ii.n 

18.8100 

.0004 

.16 

21 

November, 

60,000 

48 

44 

1  h.  15  m. 

Slight. 

.11 

.8650 

.0890 

11.98 

2.6100 

.0006 

.21 

5 

December, 

60,000 

30 

46 

80  m. 

None. 

.15 

1.6800 

.0860 

7.95 

1.80OO  .0180 

.81 

2,200 

Sewage  applied,  8  gallone  six  times  a  week.  Jone  26,  experiment  intermpted  by  breaking  of  eewer 
pipe.    Sorface  raked  8  Inches  deep  each  week. 

Filter  m.  19. 

This  filter  contains  60  inches  in  depth  of  medium  fine  sand  of  an 
effective  size  of  0.17  millimeter,  and  has  received  the  supernatant 
liquid  from  sewage  which  has  been  allowed  to  settle  four  hours  after 
treatment  with  sulphate  of  alumina,  at  the  rate  of  1,000  pounds 
per  1,000,000  gallons.  During  the  latter  part  of  1893  the  rate  of 
filtration  was  640,000  gallons  per  acre.  This  quantity  overtaxed 
the  filter,  which  was  allowed  to  rest  Dec.  23,  1893,  to  Jan.  8,  1894. 
The  rate  of  filtration  from  January  8  to  May  21  was  360,000  gallons 
per  acre.  This  rate  was  found  to  be  too  high  for  complete  purifica- 
tion and  the  filter  was  rested  May  21  to  31,  inclusive.  Since  that 
time  the  rate  has  been  200,000  gallons  per  acre.  During  the  early 
part  of  March  clogging  appeared  at  the  old  surface  4  inches  below 
the  present  surface,  and  on  March  10  the  upper  4  inches  were  re- 
moved, the  next  6  inches  spaded  over  and  4  inches  of  new  mate- 
rial added  to  take  the  place  of  that  removed.  The  old  and  new 
materials  were  mixed  together  at  the  junction.  From  January  8 
to  May  21  the  filter  was  scraped  to  relieve  clogging  fourteen  times. 
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an  average  of  once  in  eight  days.  The  average  depth  removed  was 
0.40  of  an  inch,  equivalent  to  18  cubic  yards  per  1,000,000  gallons 
filtered.  Since  June  1  the  surface  has  been  raked  twice  weekly  to 
a  depth  of  about  3  inches.  In  November  clogging  began  to  show 
itself  again  and  on  December  1  the  surface  was  spaded  over  (cor- 
responding to  ploughing)  to  a  depth  of  6  inches.  In  the  following 
table  are  given  the  monthly  averages  of  the  weekly  analyses  of  the 
effluent.     On  page  539  a  discussion  of  these  results  will  be  found. 

Effluent  of  FiUer  No.  19, 

[PftrU  per  100,000.] 


ISM. 


Qaantltj 
Applied. 

Oftllont 
per  Acre 

fbrsix 

0eirs 

In  a  week. 


Tempera- 
tare. 

De(.  F. 


Length  of 

Time 

Sewefe 

Bemelned 

on 
Snrflioe. 

Hoora  and 
Jflnatet. 


January,  . 
February, . 
March, 
April, 
May,  . 
Jaoe, 
Jaly, . 
Aognet,     . 
September, 
October,   • 
November, 
Deoember, 


360,000 

40 

860,000 

88 

850.000 

46 

800.000 

47 

238,000 

58 

180.000 

02 

200.000 

70 

300,000 

08 

200,000 

07 

200.000 

50 

200,000 

41 

300,000 

40 

Sh.26m. 
3  b.  30  m. 
1  h.  80  m. 
1  h.  25  m. 
1  h.  45  m. 

13  m. 

18  m. 

30  m. 

12  m. 

25  m. 

40  m. 
Ih. 


Appbaiaiicb. 


V.  ellght 
Blight. 
V.  ellght. 
V.  Blight. 
V.  alight. 
None. 
None. 
None. 
None. 
None. 
V.  Blight. 
V.  alight. 


.34 
.17 
.18 
.11 
.10 
.11 
.10 
.07 
.07 
.08 
.13 
.15 


Ammovia. 


I 


1 

e 


1.3135 
1.4000 
.5452 
.3060 
.0183 
.0696 
.0163 
.0072 
.0870 
.0074 
.6600 
.4667 


.0570' 
.04851 
.08081 
.0850! 
.0360 
.0201; 
.0180, 
.0310 
.0146 
.0141! 
.0285; 
.02581 


5.06 

5.55 

5.03 

6.36 

7.16 

8.25 

10.30 

8.22 

8.46 

12.71 

10.74 

6.83 


KiTBOQBir 

AS 


I 

I 


i 


1.6400' 
I  ;0900 
2.2000 
2.0800 
8.4200 
3.8400 
3.4600 
3.8800 
3.7800 
3.46001 
2.3000< 
2.3100 


.0057 
.0016 
.0035 
.0022 
.0015 
.0002 
.0007 
.0008' 
.0006 
.OOOll 
.0665 
.15171 


1 


.82 
.80 
.24 
.10 
.10 
.17 
.17 
.16 
.18 
.16 
.82 
.81 


5,100 

4,100 

7,400 

4,700 

405 

151 

88 

20 

80 

60 

3,100 

041 


No  Bewage  applied  the  two  weeks  preceding  January  8;  ehemleally  precipitated  eewage  applied,  8 
gallons  tbirty-elz  times  a  week,  Jaonary  8  to  May  31 ;  no  sewage  applied  May  31  to  81 ;  obemieally  pre- 
cipitated eewage  applied,  5  gallone  tweWe  timee  a  week,  Jane  1  to  Deoember  81.  June  35  to  37,  expert, 
ment  Interrupted  by  breaking  of  sewer  pipe.  Surfaee  raked  8  inehes  deep  twice  eaoh  week  after  June 
1;  6  inehes  deep  on  December  1.  Surfaee  scraped,  and  washed  sand  from  prerious  scraping  replaced, 
on  following  dates :  January  16,  February  6^  14, 31,  March  3, 10,  April  8, 10, 10, 36»  May  1, 4, 0  and  16. 
Upper  4  Inches  removed,  next  6  inches  disturbed  and  4  inches  of  new  sand  put  on,  March  10. 


Filter  No.  21  A. 

This  filter  was  constructed  March  19,  1894,  and  contained  origi- 
nally, above  the  usual  under-drains,  60  inches  in  depth  of  fine  sifted 
gravel  like  that  in  Filter  No.  5  A,  and  having  an  •effective  size  of  1.60 
millimeters.  Sewage  has  been  applied  each  day  for  six  days  in  the 
week  in  twelve  doses  of  equal  size,  at  the  rate  of  480,000  gallons 
per  acre.  Until  August  1  the  faucet  on  the  outlet  pipe  was  closed 
during  the  day,  while  the  filter  was  being  filled,  and  opened  late 
in  the  afternoon  so  that  the  sewage  would  drain  out  during  the 
night  at  a  rate  not  exceeding  2,000,000  gallons  per  acre  daily.  The 
outlet  has  been  trapped  and  since  August  3  the  faucet  has  been  kept 
constantly  open.     The  frequent  dosing  caused  considerable  ventila- 
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tioo  during  the  day  which,  with  a  period  of  rest  at  night,  enabled 
nitrification  to  become  established.  The  rate,  however,  was  too  high 
for  the  degree  of  ventilation  and  beginning  July  7  the  filter  has  had  a 
current  of  air  drawn  downward  through  it  from  ten  to  twelve  hours 
each  night  at  the  rate  of  about  one  gallon  in  four  minutes.  This  aera- 
tion has  been  attained  by  means  of  an  aspirator  attached  to  an  iron  pipe 
reaching  to  the  bottom  of  the  fine  gravel  and  similar  to  the  method 
employed  in  the  case  of  Filters  Nos.  15  B,  16  B,  since  February  9. 
The  surface  was  raked  weekly  to  a  depth  of  1  inch,  April  17  to 
June  1,  after  which  it  has  been  raked  3  inches  daily.  From  June 
7  to  December  31  the  surface  was  scraped  thirty-five  times,  an 
average  of  once  in  six  days.  The  average  depth  removed  was  0.18 
of  an  inch,  which  is  equivalent  to  8  cubic  yards  per  1,000,000  gallons 
filtered.  On  August  6  the  surface  was  spaded  over  to  the  depth  of 
6  inches.  Clogging  became  quite  marked  the  last  of  November, 
and  the  surface  was  spaded  over  8  inches  in  depth  on  December  1, 
and  the  filter  allowed  to  rest  one  week.  This  treatment  afforded 
relief  for  the  rest  of  the  month.  In  the  table  below  are  given  the 
monthly  averages  of  the  weekly  analyses  of  the  efiiuent.  The 
results  are  summarized  and  discussed  on  page  538. 


Effluent  of  Filter  No.  21  A, 

[Parts  per  100,000.] 


Qaantity 
Applied. 

TSMPKSA- 

TUXB. 

Average 
Number  of 

Appsaxahcs. 

AmronA. 

t 

1 

Kinoosv 

Aa 

1      ^ 

OalloDB 

per  Acre 

UKC 

1.  r . 

ApplicatlODB 

which 

Remained 

■ 

1 

1 
•   1 

■ 

m 

• 

■,6 

if 

1994. 

\ 

u 

4J 

Dally 

for  Six 

Days 

in  a  Week. 

9 

<2 

e 

on  Snrface 

less  than 

80  Hlnates. 

H 

1 

1 

< 

1 

O 

1 
6.54 

1 

s 

Oxygen 

^5 

Maroh,       . 

520,000 

40 

45 

12 

Slight. 

.18 

1.6533 

.0580 

.GOOD 

.0005 

1.86   60«900 

April, 

480,000 

48 

40 

11 

Decided. 

.45 

8.4800 

.1306 

7.18, 

.0200 

.0006 

.69  107,600 

May.  .       . 

480,000 

50 

59 

8 

Decided. 

.45 

2.2680 

.0948 

6.15' 

.2900 

.0822 

.62129,000 

June, . 

438,000 

65 

07 

8 

Decided. 

.75 

1.9760 

.1000 

7.98 

.2000 

.0175 

.71    80.200 

July. . 

402,000 

76 

73 

3 

V.  Bl't. 

.72 

1.53U0 

.0680 

10.61 

.8500 

.0381   .70,  44,300 

An  gnat,      . 

480,000 

71 

74 

8 

V.  art. 

.28 

.0726 

.0505 

,  9.08 

1.1400 

.0067  .85*  80,800 

September, 

480,000 

00 

07 

3 

V.  sl't. 

.29 

.1023 

.0422 

11.77 

1.2500.0009.  .34    29,3C0 

October,     . 

480,000 

55 

50  ' 

2 

None. 

.16 

.1244 

.0290 

10.92 

3.2800  .0034;  .221     9.400 

November, 

470,000 

48 

40 

2 

V.  Bl*l. 

.22 

.4675 

.0445 

7.20 

3.1000 

.0118  .80 

27.900 

December, 

880,000 

80 

«l 

3 

Decided. 

.47 

.5250 

.0900 

8.14 

2.1400 

.0180  .63 

1 

70,000 

Sewage  applied,  2  gallooa  twelve  timea  a  day  at  intervala  of  one-half  hour,  6  daya  In  a  week,  Ifarch 
19  to  November  30  and  December  8  to  31 ;  no  aewage  applied  and  aapiration  continuoua,  December  1 
to  7.  Faucet  closed  before  first  application  of  the  day  and  opened  after  the  laat,  until  August  3,  after 
which  the  faucet  waa  partly  open  all  the  time.  June  25  to  27,  experiment  Interrupted  by  breaking  of 
sewer  pipe.  Filter  aspirated  during  the  night  12-16  houra  daily,  July  6  to  December  81.  Surface  raked 
1  inch  deep  each  week,  April  17  to  May  28;  3  Inches  daily,  June  1  to  November  30  and  December  8  to  81 ; 
6  inchea  deep,  August  6;  8  inches  deep,  December  1.  Snrface  scraped  on  following  datea :  June  7,  8,  0, 
11, 12, 18, 19,  23,  July  1,  6, 10, 13,  17,  20,  24,  27,  81,  August  8,  September  15, 18,  21,  26,  28,  October  3, 
10, 19,28,  27,  November  6,  8, 15,  28,  28,  December  1  and  81. 
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Filter  No,  22  A. 

This  filter  was  constnicted  March  19,  1894,  and  coDtained  origi- 
nally 60  inches  of  fine  coke  breeze  (screenings  from  commercial 
coke)  above  the  asual  under-drains.  The  rate  of  filtration  was 
240,000  gallons  per  acre  daily  for  six  days  in  the  week  up  to  Novem- 
ber 5,  when  it  was  increased  to  360,000  gallons  per  acre.  The 
surface  was  raked  1  inch  deep  once  a  week  from  April  17  to  June  1, 
after  which  it  has  been  raked  3  inches  daily.  On  April  3  about  one- 
half  inch  of  material  was  scraped  from  the  surface  and  3  inches  more 
were  removed  on  November  14,  making  a  total  of  3.5  inches,  which 
is  equivalent  to  8.6  cubic  yards  per  1,000,000  gallons  filtered  up 
to  the  latter  date. 

Nitrification  became  established  about  the  middle  of  May,  and  a 
well-purified  efiluent  was  obtained  until  the  latter  part  of  November, 
after  the  rate  had  been  increased.  From  the  December  results 
presented  in  the  following  table  of  monthly  averages  of  the  weekly 
analyses  of  the  efiluent,  it  appears  that  the  rate  of  360,000  gallons 
overtaxed  the  capacity  of  the  filter,  unless  the  practice  of  systematic 
scraping  was  resorted  to.  The  results  obtained  from  the  filter  are 
discussed  on  page  535. 

Effluent  of  FiUer  No.  22  A. 

[Parte  per  100,«00.] 


■• 


ia*4. 


Qoentl^ 
AppUed. 

Oellons 
per  Acre 

fDr8lz 

Oiijf 

In  a  week. 


March,      . 
April, 
May, . 
Jane, 
Jnly, . 
Angtiat.     . 
September, 
October,   • 
November, 
December, 


240,000 
285,000 
240,000 
222,000 
240,000 
240,000 
240,000 
240,000 
840,000 
800,000 


TaXFSRA- 
TURS. 

Dao.  P. 

Length  of 

Time 

Sewage 

Bematned 

on 
Surthee. 

ft 

.1 

S 

E 
2 

How«aad 
MInatee. 

40 

48 

8  h.  40  m. 

48 

40 

lh.46m. 

flO 

58 

20  m. 

66 

04 

8  m. 

75 

70 

8  m. 

71 

72 

8m. 

80 

00 

4  m. 

66 

50 

5  m. 

43 

80 

40  m. 

80 

41 

1  h.  10  m. 

1 

AmAMAMom. 


6 


None. 
V.  alight. 
V.  illght. 
V.  Blight. 
None. 
None. 
V.  alight. 
V.  alight. 
V.  Illght. 
V.  alight. 


.08 
.06 
.08 
.05 
.08 
.18 
.18 
.25 
.12 
.221 


Ajacoma. 


c 


1.4267 

3.1000 

1.8250 

.1120 

.0126 

I  .1400 

.1213 

.2180 

1.1800 

1.0000 


.0547 
.0470 
.0444 
.0181 
.0188 
.0175 
.0180 
.0276 
.0815 
.0700 


7.01 

6.01 

7.20 

8.50 

12.87 

18.04 

0.04 

12.85 

0.05 

0.20 


NiTBoaair 


9Q 


.0850 
.0020 
.8000 

.7400 
1.4800 
1.5500 


.0018 
.0018 
.0788 
.0187 
.0025 
.0080 


I 


i 

a 
o 


1<S 


1.8400.0020 
2.6000.0080 


1.0000 
.8100 


.0005 
.0260 


8.11 


.15 


26300 
60,200 
.42.52,200 
.10  20,700 
.18  24,000 
.11 10,800 
.16  0,200 
.17  8,700 
.2216,000 
4110,500 


Sewage  applied,  6  gallons  twelve  times  a  week,  March  10  to  November  8;  6  gallons  18  times  a  week, 
November  5  to  December  81.  Jnne  85  to  27,  experiment  interrupted  by  breaking  of  sewer  pipe.  Sar- 
face  raked  I  loch  deep  each  week,  April  17  to  Mav  28;  8  inches  daily,  June  1  to  December  81.  Sorface 
«paded  0  iaehes  deep  December  1 ;  6  inches  of  coke  removed  November  14. 
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Filter  No.  26. 

Id  this  filter  there  was  buried»  on  Dec.  18,  1889»  the  carcass  of  a 
dog,  weighing  eleven  and  five-tenths  pounds,  above  5  feet  of  sand 
and  loam  and  beneath  6  feet  of  sandy  loam  and  soil,  as  was  described 
in  the  Special  Report  on  the  Purification  of  Sewage  and  Water  for 
1890,  page  689.  City  water  has  been  applied  during  1894  at  the 
rate  of  60,000  gallons  per  acre  daily  for  six  days  in  the  week,  ex- 
cept during  the  winter  months,  when  the  water  froze  to  the  surface 
on  several  occasions  and  it  was  necessary  to  omit  some  of  the  ap- 
plications. The  outlet  has  been  trapped  and  during  the  last  part 
of  the  year  the  efiiuent  has  contained  smaller  quantities  of  free  and 
albuminoid  ammonia  than  at  any  previous  time.  The  odor  and  tur- 
bidity have  not  disappeared  but  have  been  less  than  during  the  pre- 
ceding year.  The  effluent  has  been  discolored  by  iron  during  the 
greater  part  of  the  year,  showing  the  lack  of  sufficient  oxygen. 
Variable  numbers  of  bacteria  in  the  effluent  have  been  found,  and 
it  is  to  be  noted  that  they  have  developed  on  gelatine  plates  very 
slowly  and  apparently  were  in  a  degenerated  form.  The  work  of 
the  filter  for  the  past  year  is  shown  by  the  monthly  averages  of  the 
weekly  analyses  of  the  effluent  in  the  following  table,  beyond  which 
is  a  table  containing  the  yearly  averages  of  all  analytical  results. 

Effluent  of  Filler  No,  25. 

[Parts  per  100,000.] 


Qnantity 
Applied. 

Gallons 
per  Acre 

Dally 
for  Sfx 

Days 
ma  Week. 

TXMPKSA- 

lUKfc. 

Deo.  F. 

1 

ArPRARAllCB. 

Ammovia. 

i 
1 

.20 

NlTKOQKX 

▲a 

Oxygen 

Consumed. 

Bacteria  per  Cable 
Centimeter. 

19M. 

it 
1* 

•< 

i 

a 

1 

1 

m 

11 

-< 

Nitrates. 

Janiiary,    . 

36,000 

89 

85 

Slight. 

.22 

.2300 

.0160 

.0160 

.0060 

.05 

890 

Febraary, . 

20,000 

87 

89 

Decided. 

.18 

.2100 

.0140 

.22 

.0080 

.0040 

.06 

1 

March,       .       . 

68,000 

80 

43 

Slight. 

.12 

.2500 

.0120 

.19 

.0550 

.0080 

.07 

800 

April, 

00,000 

44 

5S    ; 

- 

.14 

.2500 

.0180 

.22 

.0180 

.0060 

1 

.07 

6,600 

May,  .       .       . 

00,000 

63 

60 

Decided. 

.10 

.2400 

.0150 

.16 

.0180 

.0040 

.00 

20O 

June, . 

00,000 

00 

64 

Decided. 

.12 

.2000 

.0080 

.14 

.0090 

.0020 

.05 

8,000 

Joly,  . 

00,000 

69 

76 

Decided. 

.17 

.2000 

.0060 

'.24 

.0070 

.0006 

.48 

400 

August,     . 

60,000 

70 

70 

Slight. 

.10 

.2800 

.0040 

.29 

.0080 

.0004 

.03 

900 

September, 

00,000 

66 

70 

Decided. 

.15 

.1400 

.0060 

'.88 

1 

.0080 

.0002 

.10 

20O 

October,    . 

60,000 

60 

54 

Decided. 

.12 

.1800 

.0060 

.88 

.0110 

.0023 

.10 

100 

November, 

60,000 

50 

88 

Slight. 

.10 

.1200 

.0060 

.20 

.0160 

.0044 

.11 

3 

December, 

58,000 

48 

42 

Decided. 

.80 

.1000 

.0060 

.82 

.0280 

.0080 

.07 

5» 

City  water  applied,  8  galloDS  six  tlmee  a  week,  except  on  a  few  days  daring  layere  winter  weather. 
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Table  showing  Yearly  Averages  of  BesuUs  of  Analyses  of  Effluent  of  FiUer 

No.  25. 

[PftrU  p«r  100,000.] 


Qnantl^ 

AppUtd. 

Gallons  per 
Acre  Daily 

forSU 

Dajs  In  a 

Week. 


1800, 
1801, 
1802, 
1808, 
1804, 


&,000 

0,670 

42,200. 

68,fi00 

58,000 


AVMOinA. 


I 


4 


ft.84M 

0.4480 

1.7724 

.8300 

.1017 


.6066 
.4600 
.0441 
.0200 
.0007 


i 


6 


4.76 
.40 
.26 
.22 
.26 


Ninottsv  AB 

m 

m 

. 

^ 

B 

1 

s 

» 

s 

.1876 
.0480 
.0800 
.0230 
.0100 


.0317 
.0072 
.0060 
.0021 
.0087 


,s 


.07 
.17 
.14 
.10 


^1 

u 

II 

II 


6,000 

80 

28,620 

1,014 

1,400 


Filter  No.  30. 

This  filter  contains  80  inches  in  depth  of  coarse  sand  of  an  effec- 
tive size  of  0.48  millimeter,  and  has  received  sewage  at  the  rate  of 
55,800  gallons  per  acre  daily  for  six  days  in  a  week.  Nitrification 
has  been  good  throughout  the  year  although  the  ammonias  have 
been  somewhat  variable.  With  a  view  to  lowering  the  free  am- 
monia, the  surface  was  spaded  over  (corresponding  to  ploughing) 
to  a  depth  of  6  inches  on  March  9.  This  did  little  good,  however, 
and  on  Jane  1  the  surface  was  again  spaded  to  a  depth  of  6  inches, 
and  the  filter  allowed  to  rest  two  weeks.  This  treatment  appeared 
to  be  of  little  value  and  in  June  it  will  be  seen  that  the  ammonias 
of  the  effluent  were  very  high,  doubtless  on  account  of  too  rapid 
passage  through  the  filter.  Better  results  followed,  however,  as  is 
shown  by  the  following  table  of  monthly  averages  of  weekly  analyses 
of  the  effluent.  Following  this  table  is  another,  showing  the  yearly 
averages  of  all  analytical  results  from  this  filter. 
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EffluetU  of  Fitter  No.  30. 

[Part*  par  100,000.] 


Qaantity 
Applied. 

OaUons 
per  Acre 

for  six 

Days 

in  a  Week. 

TXMFBRA- 

TUKB. 

Dko.  F. 

Length  of 

Time 

Sewage 

Kemalned 

on 
Sarfaoe. 

Hours  and 
Mlnntes. 

Appbarasok. 

• 

AJKKOMU.. 

1 

6.21 

NITROOSH 

AM 

1        • 

'  S 

1 

1 

1 

• 

1 

1^ 

< 

m 

1 

• 

1 

¥ 

19M. 

1 

i 

January,  . 

66,800 

88 

80 

6  m. 

Decided. 

.41 

.1840 

.1100 

2.1100  .0080 

.00105,000 

Febmary, . 

66,800 

86 

87 

6  m. 

Slight. 

.27 

.1700 

.0640 

6.84 

2.6700 

.0021' 

.80   11,500 

llaroh, 

66,800 

40 

46 

Im. 

Decided. 

.22 

.2000 

.0600 

4.77 

2.3400 

.0010 

.44 

44.000 

April, 

66,800 

48 

60 

1  m. 

Blight. 

.80 

.1600 

.0480 

7.26 

2.9000 

.0018 

:.8i 

81,000 

May. .       . 

66,800 

60 

69 

1  m. 

Slight. 

.10 

.8800 

.0440 

6.66 

4.6700 

.0006 

.26 

21,000 

June, 

68,000 

06 

74 

Om. 

SUght. 

.21 

1.0400 

.0640 

8.07 

4.4000 

.0014 

.82 

8,000 

July, . 

66,800 

76 

71 

Om. 

V.  alight. 

.16 

.1600 

.0280 

11.10 

4.1600 

.0000 

.28 

7,000 

Ancnat,    . 

66,800 

71 

00 

Om. 

Slight. 

.26 

.2000 

.0280 

0.28 

8.2800 

.0006 

.20 

17,000 

September, 

66,800 

66 

68 

Om. 

V.  alight. 

.17 

.0840 

.0200 

10.28 

8.6800 

.0004 

.20 

8,000 

Ootober,   . 

66,800 

66 

aa 

Om. 

SUght. 

.28 

.0620 

.0810 

10.08 

8.7800 

.0000, 

.25 

28,500 

KoTsmber, 

66,800 

48 

88 

1  m. 

Slight. 

.22 

.2000 

.0440 

7.72 

3.4000 

.0040 

.27 

49,000 

December, 

66,800 

89 

4S 

2  m. 

Slight. 

.22 

.1300  .0220 

1 

8.12 

2.9600 

.0004 

.26 

110 

Sewage  applied,  2  gallona  six  tlmea  a  week,  except  Jnoe  1  to  14,  when  none  waa  applied.  Jane  26, 
experiment  intermpted  by  breaking  of  aewer  pipe.  Sorfaoe  raked  8  inohee  deep  each  week.  Sarfaoe 
leaded  6  inchee  deep,  March  9  and  Jane  1. 


Table  shounng  Yearly  Averciges  ofBesuUs  of  Analyses  of  Effluent  of  Filler  No.  30 

[Parte  per  100,000.] 


Quantity 
Applied. 

OaUons  per 
Acre  Dally 

fbrRlx 

Days  In  a 

Week. 

Tempera- 
tare. 

Ammovia. 

1 

VmOQMX  AB 

1 

1 

Bacteria  per  Cu- 
bic Centimeter. 

Ybab. 

i 

< 

1 

s 

1800 

64,400 

66 

.0267 

.0166 

6.64 

1.6050 

.0026 

.11 

8,440 

1891 

68,800 

66 

.0609 

.0219 

6.81 

2.4200 

.0089 

.17 

5,900 

1892,    .... 

66,000 

66 

.0719 

.0564 

7.80 

2.6686 

.0180 

.44 

41,200 

1898 

66,100 

58 

.0997 

.0024 

9.26 

2.8196 

.0081 

.80 

29,400 

1894 

66,600 

64 

.2438 

.0470 

7.98 

8.8400 

.0017 

.81 

27,400 

Average,     . 

65,100 

66 

.0086 

1 

.0408 

7.68 

2.6606 

.0069 

.28 

22,500 
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FUier  No.  31. 

This  filter  contained  60  inches  in  depth  of  mediam  fine  sand  of  an 
effective  size  of  0.17  millimeter,  and  received  sewage  at  the  rate  of 
55»800  gallons  per  acre  daily  for  six  days  in  a  week.  The  applied 
sewage  disappeared  slowly  in  January  and  February,  and  on  March 
9  the  surface  was  spaded  over  to  a  depth  of  6  inches.  There  was 
no  further  trouble  from  clogging  but  the  free  ammonia  was  not  so 
low  as  in  former  years.  On  June  first  the  surface  was  again  spaded 
over  6  inches  in  depth  and  the  filter  allowed  to  rest  two  weeks. 
Owing  to  the  tank  having  become  completely  rusted  out  in  places 
it  was  necessary  t(^  discontinue  the  experiment  the  first  part  of  July 
before  the  effect  of  this  treatment  was  fully  learned.  The  monthly 
averages  of  the  weekly  analyses  of  the  efEluent  are  presented  in  the 
following  table,  beyond  which  are  given  the  yearly  averages  of  the 
results  of  analyses :  — 

Efflw^  of  FiUer  No.  31. 

[Parti  par  100,000.] 


ISM. 


Applied 

Oallons 
per  Aef«  j 
DaUT     I 
for8lz    I 

InaWMk.' 


Jaavarj,  . 

65,800 

Febraary, . 

66,800 

Mareh,      . 

66,800 

April,       . 

66.800 

May,.       . 

66.800 

June, 

27,900 

TUBK. 
DBO.  F. 


I 


a 

s 

i 


86 
40 
48 
60 
66 


40 
44 

60 
60 
7S 


Latiflthof 

TTme 

8«waffa 

BeoMiiMd 

OB 

Snrikea. 
Boon  and 

JflBQtM. 


Ob. 
12h. 


ISm. 
2801. 

Sm. 

2m. 


AprSABAVOB. 


Slight. 

Slight. 

Slight. 

V  slight. 

None. 

V-allgbt. 


.21 

Ml 
.24 

.18 
.12 
.17 


Ammobia. 


I 


.8620 
.6880 
.4700 
.1760 
.0640 
.4800 


S2 


a 


.0420 
.0410 
.0620 
.0800 
.0200 
.0400 


g 


6.78 
6.76 
4.06 
0.07 
0.04 
7.06 


NITBOOBV 


i 


i 

£ 


1.0800.0060 
1.1000.0018 
2.2600.0040 
8.0200.0022 
4.7000.0008 
6. 8800:. 0120 


I 

a 

m 

a 

8 

a 
& 

I 


.86 

.88  8,000 

.8018,000 
.21  8,800 

.16  4,000 
.2617,000 


Sowage  applied,  2  gallona  six  tlmoa  a  week,  ezeept  June  1  to  14,  when  none  wae  applied.  Jane  26, 
ezperhnent  Interrupted  by  breaking  of  aewer  pipe.  Snrfaoe  raked  8  Inebea  deep  each  week.  Snr* 
tme9  spaded  6  inchee  deep,  liareh  9  and  Jnne  1.   Xxperlment  dlseonttnned  Jaly  8. 

Table  showing  Yearly  Averages  of  BesuUs  of  Analyses  of  Effluent  of  Filter  No.  31. 

[rarta  per  100,000.] 


Ybab. 


1890, 
1801, 
1892, 
1898, 
1804, 


ATerage, 


Quantity 
Applied. 

GaUoDiiper 
Acts  Dally 

for  Six 

DayslBB 

week. 


Temp 
tore. 


62,000 
68,800 
60,800 
66,100 
61,100 

68,800 


66 

66 

60 
68 
61 


AlOfOBlA. 


1 

1 

11 

u* 

< 

.0087 

.0208 

.0008 

.0196 

.0103 

.0208 

.0180 

.0288 

.8460 

.0800 

.1086 


.0260 


NlTBOOBB  AS 

i 

i 

s 

£ 

g 

6 

SQ 

S 

6.18 

1.4013 

.0266 

7.96 

2.6640 

.0011 

7.78 

2.8041 

.0000 

8.47 

2.8028 

.0004 

6.24 

8.1600 

.0042 

7.81 

2.6080 

.0004 

J 

u 


.18 

1.810 

.16 

2,800 

.80 

1,900 

.22 

684 

.28 

8,100 

8,000 
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Filler  No.  32. 

This  filter  contains  30  inches  in  depth  of  medium  fine  sand  of  an 
effective  size  of  0.17  millimeter,  and  has  received  the  supernatant 
liquid  from  sewage  which  has  been  treated  by  chemical  precipitation 
as  is  described  on  page  454.  In  1893  the  rate  of  filtration  was 
446,400  gallons  per  acre  daily  for  six  days  in  a  week.  This  quantity 
overtaxed  the  capacity  of  the  filter,  which  was  allowed  to  rest  Dec. 
3,  1893,  to  Jan.  8,  1894.  From  January  8  to  May  21  the  rate  was 
334,800  gallons  per  acre,  — ^a  quantity  which  necessitated  very  fre- 
quent scraping  and  which  also  caused  the  free  ammonia  in  the 
efiiuent  to  remain  high.  During  this  period  the  |urface  was  scraped 
twenty-one  times  to  relieve  clogging,  —  an  average  of  once  in  six 
days.  The  average  depth  removed  was  0.24  inch,  equivalent  to  24 
cubic  yards  per  1,000,000  gallons  filtered.  The  filter  was  allowed 
to  rest  May  21  to  31,  inclusive,  and  since  June  1  has  received 
chemically  purified  sewage  at  the  rate  of  167,400  gallons  per  acre 
daily  for  six  days  in  a  week.  No  material  has  been  scraped  from 
the  surface  since  June  1  but  the  surface  has  been  raked  to  a  depth 
of  3  inches  twice  weekly.  The  work  of  the  filter  is  presented  in 
the  following  table  of  monthly  averages  of  weekly  analyses  of  the 

effluent :  — 

Effluent  of  Filter  No,  32. 

[Parts  par  100,000.] 


1S1NI. 


Qnanti^ 
AppUea. 

Gallons 

per  Acre 

Daily 

fbrSlz 

Days 

In  a  Week. 


Tempera< 
tare. 

Deg.  F. 


Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Honra  and 
Mlnatea. 


January,  . 
February, . 
March, 
April, 
May, . 
June, 
July, . 
August,     . 
September, 
October,    . 
November, 
December, 


334,800 

88 

334,800 

87 

884,800 

46 

834,800 

48 

210,600 

50 

150,000 

63 

167,400 

71 

167,400 

70 

167,400 

67 

167,400 

56 

167,400 

41 

167,400 

40 

2h.  20  m. 
2  h.  10  m. 
2h. 


h. 
h. 


S5m. 
80  m. 
35  m. 
35  m. 
40  m. 
45  m. 
1  h.  25  m. 


Appkajlamcb. 


a 


a 


v.  Blight. 
None. 
None. 
None. 
None, 
v.  slight 
None. 
None. 
V.  slight. 
Slight. 
V.  slight. 
V.  alight. 


.10 
.13 
.11 
.11 
.14 
.10 
.15 
.10 
.18 
.10 
.15 
.17 


Ammonia. 


i 


o 

c 

•  1 


1.1685 
1.0675 
.8575 
.4625 
.8733 
.2666 
.2325 
.0978 
.5850 
.5150 
.7376 
.5000 


.0570 
.0375 
.0400 
.0290 
.0406 
.0313 
.0250 
.0183 
.0320 
.0520 
.0425 
.0387 


NITBOOBK 


Q 

o 


5.07 
5.50 
5.92 
6.88 
6.70 
8.05 
0.68 
0.02 
8.40 
10.79 
7.93 
7.11 


8 

If 


i  § 

I    a 

e 

6 
I 

M 

o 


.ooeo  .88 


,7400 

,0100 

,1000 

.8300 

.5500 

.3000 

,5900 

.1900 

.5000 

.0100  .0020 

.5800.0104!.  20 

.9100;. 0483;. 36 


.0162! 
.1250 
.0875 
.0700, 
.0320 
.0004i 
.0003 
.0027 


.26 
.85 
.81 
.82 
.28 
.17 
.15 
.30 
.30 


ir 


b 


e 
3 

0 


SO 

n 


12,600 
8,400 
2,000 
1,800 
1,100 
583 
048 
8,000 
6,200 
7,100 
2,800 

10,500 


No  sewage  applied  the  two  weeks  preceding  January  8;  chemically  precipitated  sewage  applied,  2 
gallons  thirty-six  times  a  week,  January  8  to  May  21 ;  no  sewage  applied  May  21  to  81 ;  chemically  pre- 
cipitated sewage  applied,  3  gallons  twelve  timea  a  week,  June  1  to  December  31.  Sewage  aerated 
twenty  minutes  before  application,  June  1  to  July  81.  June  25  to  27,  experiment  Interrupted  by  break- 
Ing  of  sewer  pipe.  Surface  raked  3  Inches  deep  twice  each  week.  Surface  scraped,  and  washed  sand 
from  previous  scraping,  replaced  on  following  dates ;  January  18, 18,  February  1»  6, 10, 21,  Mareh  8,  li» 
10,  28,  30,  April  4, 9, 12, 18,  84,  27,  May  1,  4, 9, 14  and  19. 
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FILTEATION  OF  WATER. 


The  investigatioos  of  the  Board  during  the  paat  seveD  years  upon 
the  filtration  of  the  Merrimack  Biver  water  have  shown  conclusively 
thaty  under  proper  conditions,  thoroughly  satisfactory  results,  from 
a  hygienic  point  of  view,  may  be  obtained  by  this  treatment.  This 
conclusion  is  now  based  on  the  results  of  more  than  thirty  thousand 
bacteriological  analyses  in  connection  with  the  examination  of  thirty 
different  experimental  filters.  To  this  information  we  are  in  a  posi- 
tion to  add  the  knowledge  obtained  from  the  results  of  the  actual 
operation  of  the  large  filter  of  the  water  supply  of  the  city  of 
Lawrence  (2.5  acres  in  area),  as  well  as  the  results  of  experience 
from  the  filtration  of  large  public  water  supplies  in  Europe.  At 
this  time  it  may  be  stated  that  the  problem  of  the  hygienic  purifi- 
cation of  sewage-polluted  waters  in  Massachusetts  by  sand  filtration 
centres  for  the  most  part  around  the  two  following  points  :  — 

1.  The  hygienic  efiSciency  of  filtration  under  those  occasionally 
occurring  conditions  which  are  less  favorable  than  the  normal  for 
the  removal  of  disease-producing  germs  from  water,  with  a  study 
of  methods  of  improvement  thereof. 

2.  The  further  determination  of  the  laws  of  filtration,  whereby 
contaminated  waters  may  be  rendered  hygienically  safe  with  the 
greatest  economy. 

The  experiments  have  been  conducted  during  the  past  year  along 
the  same  general  lines  as  those  described  in  earlier  reports  of  the 
Board.  The  results  obtained  up  to  May  1,  1894,  were  presented  in 
the  twenty-fifth  annual  report  of  the  Board,  for  the  year  1893.  In 
the  following  pages  there  are  presented  the  results  for  the  remainder 
of  the  year,  after  the  method  adopted  in  earlier  reports,  except  that 
in  the  account  of  the  individual  work  of  each  filter  more  attention 
is  given  to  the  periods  of  minimum  efficiency  in  accordance  with  the 
statements  above. 
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Two  new  water  filters  have  been  constructed  in  1894,  and  careful 
studies  made  of  tliose  started  during  the  latter  part  of  the  preced- 
ing year.  In  July  connections  were  made  with  the  Essex  Com- 
pany's canal  by  means  of  a  twelve-inch  pipe,  the  old  pipe  having 
become  inadequate.  This  canal  is  used  for  distribution  of  the  Merri- 
mack River  water  for  power  purposes,  and,  as  has  been  stated  in 
former  reports,  contains  substantially  the  same  water  as  is  found  in 
the  river  above  the  city  where  is  situated  the  intake  of  the  Lawrence 
city  filter.  The  scale  upon  which  the  experiments  have  been  con- 
ducted can  be  best  shown  by  the  statement  that  on  the  average  more 
than  60,000  gallons  of  Merrimack  River  water  have  been  filtered 
daily. 

Owing  to  complications  from  freezing  weather,  the  small  iron 
filter  tauks  Nos.  18  A-49  were  not  operated  during  the  winter 
months  of  1894,  and  upon  starting  these  filters  in  the  spring  it 
was  found  that  in  some  respects  they  resembled  new  filters.  City 
(filtered)  water  was  applied  to  several  of  the  filters  for  some  weeks 
following  the  resumption  of  operation  in  the  spring.  Id  the  next 
chapter  there  are  presented  and  discussed  some  interesting  and  in- 
structive observations  upon  the  changes  in  the  composition  of  filters 
during  a  period  of  several  months'  rest,  after  draining,  and  also 
upon  the  filtration  of  the  city  water  after  it  had  already  passed 
through  the  city  filter. 

The  table  on  the  next  page  contains  a  summary  of  bacterial 
results,  but  the  averages  include  only  those  results  obtained  from 
the  filtration  of  the  Merrimack  River  water.  They  include  all  river 
water  results  after  the  filters  had  been  operated  ten  days  from  the 
time  when  operations  were  resumed  in  the  spring.  Following  this 
table  is  a  brief  discussion. 

B.  prodigiosus  was  applied  to  many  of  the  filters  for  a  consider- 
able portion  of  the  time,  on  account  of  the  special  value  attached  to 
the  results  of  the  application  of  this  germ.  The  reasons  why  the 
results  from  the  applications  of  this  germ  to  water  filters  are  so 
important  have  been  explained  in  previous  reports  of  the  Board,  as 
have  been  the  methods  by  which  the  experiment  is  conducted.  An 
outline  of  the  plans  followed  in  this  work  will  be  found  beyond. 
These  results  are  used  farther  on  in  the  discussion  of  the  several 
factors  which  influence  the  hygienic  efliciency  of  water  filtration. 
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Upon  comparison y  in  general  terms,  of  the  results  given  in  the 
foregoing  table  with  corresponding  ones  obtained  in  former  years, 
we  find  that  with  such  sands  as  have  been  used  for  filtration  of  water 
supplies,  with  rates  of  filtration  much  in  excess  of  those  in  former 
experiments  and  reaching  from  3,000,000  to  7,000,000  gallons  per 
acre  daily,  an  average  removal  of  more  than  98  per  cent,  of  the 
number  of  bacteria  in  the  applied  jiver  water.  With  coarser  sands, 
furthermore,  filtering  from  5,000,000  to  9,000,000  gallons  per  acre 
daily,  we  find  an  average  removal  of  more  than  97  per  cent,  of  the 
number  of  applied  bacteria. 

Attention  is  especially  called  to  the  expressions,  ^<  average  per- 
centage which  number  of  bacteria  in  efiiuent  was  of  number  applied  " 
and  ^^  average  bacterial  efficiency."  The  reason  for  these  expressions 
is,  that  there  is  conclusive  evidence  to  show  that,  of  the  number  of 
bacteria  found  in  efiiuents,  a  considerable  portion  always,  and  proba- 
bly not  infrequently  all  of  them,  have  their  origin  within  the  filter  or 
under-drains  and  do  not  pass  through  the  filter  from  top  to  bottom. 
It  may  also  be  stated  that  there  are  strong  reasons  to  believe  that  to 
the  class  of  bacteria  which  have  their  immediate  origin  within  the 
filter  or  under-drains  and  not  in  the  applied  water,  the  bacterium 
generally  recognized  as  the  specific  germ  of  typhoid  fever  (B.  typhi 
abdominalis  of  Eberth)  and  also  B.  prodigiosuSf  do  not  belong. 
Accordingly^  the  results  of  the  determinations  of  the  number  of 
bacteria  in  the  applied  water  and  in  the  efiiuent  of  a  filter  do  not 
give  the  percentage  of  applied  bacteria  removed,  but  rather  the  per- 
centage which  the  number  that  failed  to  appear  in  the  effluent  was 
of  the  number  of  applied  bacteria. 

The  latter  and  more  accurate  expression  is  used  throughout  this 
report;  and,  technically  speaking,  it  is  known  as  the  ^^  bacterial 
efficiency "  of  a  filter.  In  the  light  of  this  explanation  it  readily 
follows  that  the  true  removal  of  bacteria  by  filtration,  and  especially 
the  hygienic  efficiency,  or  removal  of  disease-producing  germs,  is 
considerably  greater  than  is  indicated  by  the  ordinary  bacterial 
efficiency. 

With  the  older  filters  of  fine  material,  and  operated  at  rates  not 
over  3,000,000  gallons  per  acre  daily,  the  bacterial  efficiency  has 
been  fully  as  satisfactory  as  in  former  years. 

With  regard  to  the  limits  in  rates  of  filtration  and  in  coarseness 
of  material,  it  may  be  stated  that  Filter  No.  50,  with  sand  of  an 
effective  size  of  0.48  millimeter,  and  operated  at  a  5,000,000  gal- 
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loD  rate,  has  been  found  to  be  more  sensitive  to  sudden  but  to  a 
certain  extent  necessary  changes  in  the  conditions  of  operation  than 
the  older  Filter  No.  ISA,  of  similar  sand,  but  which  has  been  in 
operation  for  about  five  years.  Filters  Nos.  3B,  8  A,  43  and  45, 
each  5  feet  in  depth,  have  been  operated  at  a  5,000,000  gallon  rate, 
and  have  given  results  which  on  the  whole  have  been  satisfactory. 
Bates  above  this  quantity  have  been  found  to  be  less  likely  to  give 
uniformly  satisfactory  bacterial  efficiency. 


Invbstioations  upon  Changes  in  CoMPOsrrioN  of  Water  Filters, 
AFTER  Resting,  together  with  the  Results  of  Double  Fil- 
tration OF  Merrimack  River  Water. 

On  Dec.  8,  1893,  the  operation  of  the  small  in-door  water  filters, 
after  draining,  was  discontinued,  owing  to  complications  from  freezing 
weather.  These  difficulties  come  from  two  sources,  as  was  explained 
in  earlier  reports,  as  follows  :  — 

1.  Formation  of  channels  at  the  sides  of  the  galvanized-iron 
tanks  during  very  cold  weather,  when  the  wet  sand  freezes  and 
expands,  while  the  galvanized  iron  contracts.  Upon  subsequent 
thawing  the  sand  contracts  and  the  iron  expands,  whereby  channels 
are  formed.  This  occurred  to  a  greater  or  less  extent  in  former 
winters  in  the  case  of  all  the  small  in-door  filters  during  periods  of 
very  cold  weather.  With  large  filters  in  actual  practice,  or  in  the 
large  experimental  filters  situated  outside  the  station  (Nos.  3  B,  7  A 
and  8  A) ,  these  conditions  are  not  known  to  obtain. 

2.  Formation  of  channels  in  the  upper  layers  of  filtering  mate- 
rial, due  to  escaping  air  which  is  liberated  by  the  applied  water 
(saturated  at  32^ F.),  as  it  increases  in  temperature  upon  passage 
through  filters  placed  in  the  warm  building. 

The  several  small  filters,  Nos.  18  A  to  49,  inclusive,  remained  out 
of  service  until  May,  and  in  some  cases  until  July,  1894,  owing  to 
delay  in  securing  an  adequate  quantity  of  Merrimack  River  water 
from  the  canal  by  means  of  a  new  and  larger  pipe.  When  these 
filters  were  again  put  in  operation  it  was  found,  as  already  noted, 
that  some  very  interesting  and  instructive  changes  had  occurred  in 
their  action  and  in  their  composition.  These  changes,  furthermore, 
relate  to  the  chemical,  biological  and  engineering  phases  of  the 
process  of  filtration. 
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Chemical  Changes  in  the  Composition  of  Filters. 

In  the  annual  report  of  the  Board  for  1893,  page  484,  a  table  was 
given  showing  the  amount  of  organic  matter,  calculated  from  the 
albuminoid  ammonia,  contained  on  Dec.  8,  1893,  in  the  various 
filters,  and  based  on  the  results  of  analyses  of  numerous  samples  of 
sand  collected  from  the  filters  at  different  depths.  It  was  learned 
in  the  spring  of  1894  that  a  considerable  portion  of  this  organic 
matter  had  been  nitrified  during  the  period  of  rest  of  five  months  or 
more,  as  was  shown  by  the  fact  that  the  first  portions  of  efiiuent 
leaving  the  filters  contained  nitrogen,  in  the  form  of  nitrates,  in 
comparatively  large  quantities.  The  amount  of  nitrogen  in  this 
form  varied  considerably  in  the  efiluents  of  the  various  filters.  On 
an  average,  however,  it  was  equivalent  to  about  30  per  cent,  of  the 
amount  indicated  by  the  analyses  to  be  present  in  the  sand  in  the 
form  of  organic  matter,  at  the  time  when  the  operation  of  the  filters 
was  discontinued.  The  range  of  variation  in  the  case  of  the  several 
filters  was  from  14  per  cent,  in  Filter  No.  18  A  to  60  per  cent,  in 
Filter  No.  43.  The  full  reasons  for  this  variation  are  not  clear,  but 
it  is  to  be  noted  that  Filter  No.  18  A  was  put  in  operation  in  1889, 
while  Filter  No.  43  was  constructed  in  1893.  It  is  quite  possible 
that  a  portion  at  least  of  the  organic  matter  accumulated  during  five 
years  of  service  in  Filter  No.  18  A  was  of  a  nature  less  readily 
attacked  by  the  bacteria  of  oxidation  and  nitrification,  under  the  con- 
ditions which  obtained  during  the  period  under  consideration,  than 
was  the  case  in  the  latter  and  much  newer  filter,  which  contained  less 
than  half  as  much  organic  matter.  Other  factors  doubtless  exerted 
an  influence,  and  it  is  worth  mentioning  that  the  temperature  varied 
in  different  portions  of  the  building  where  the  filters  were  situated. 

With  regard  to  conditions  other  than  the  amount  of  stored  organic 
matter,  and  of  which  we  have  moi*e  accurate  knowledge,  such  as 
size  of  sand  grains,  depth  of  sand,  method  of  operation,  etc.,  there 
seemed  to  be  no  marked  tangible  relation  to  the  amount  of  organic 
matter  converted  into  nitrates  during  the  period  of  rest.  In  a  pair 
of  filters  of  similar  construction,  but  of  which  one  had  been  operated 
continuously  and  the  other  intermittently,  there  was  a  noticeable 
discrepancy  in  the  percentage  of  removal.  The  intermittent  filter 
showed  much  less  removal  than  its  continuous  mate.  In  another 
pair  this  difference  was  far  less  marked,  while  in  a  third  pair,  which 
had  been  longest  in  service,  the  removal  of  organic  matter  was  prac- 
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tically  identical.  Owing  to  the  varying  removal  by  continuous  as 
well  as  intermittent  filters  standing  side  by  side,  it  cannot  be  con- 
cluded that  the  method  of  operation  was  a  prominent  explanatory 
factor.  The  results  from  the  several* pairs  of  filters  (5  feet  deep), 
however,  are  given  as  a  matter  of  record,  as  follows :  — 


COKTIKUOCS  FlLTK«8. 

iHTKiiMiTTairr  Filtkks. 

Nomber 

of 
FUler. 

Date 

oc 

CotutmeCioB. 

Arerage 
Amount  of 

Stored 

Nitrogen 

D«e.8,l888.* 

Parte 

per  100,000 

by  Wttlgbt  of 

Dry  Sand 

Per- 
eentage 

of 
Nitrogen 
KemoTed. 

1 

Nnmbar 

of 
FUter. 

Date 

of 

ConatruoCton. 

Averaire 
Amoont  of 

Stored 

Nitrogen 

Dec.  8, 1888.* 

Parte 

perlOO.000 

by  Weight  of 

Dry  Sand. 

Per- 
centNge 

of 
Nitrogen 
Kemoved. 

33A, 

43,  . 

44,  •           • 

April  28, 1892, 
May  20,1808. 
May   20,1808, 

1.24 
1.12 
1.47 

27 
60 
M 

41 
46 

Hay  9,1892, 
July  10, 1898, 
Sept.  9, 1898, 

1.36 
1.26 
1.20 

28 
49 
24 

*  TIm  orgaoio  nitrogen  waa  ealcQUted  as  \^  of  the  albuminoid  ammonia  donblcd. 

In  this  connection  it  is  not  to  be  forgotten  that  there  is  a  con- 
siderable loss  of  nitrogen  during  the  process  of  nitrification.  The 
amount  of  loss  is  not  accurately  known,  and  doubtless  varied  with 
the  different  conditions.  Judging  from  our  experience  with  the 
filtration  of  sewage,  the  amount  of  nitrogen  which  escaped,  probably 
to  a  large  extent  as  nitrogen  gas,  would,  perhaps,  increase  the  above 
percentages  of  removal  of  organic  nitrogen  about  one-third. 


Physical  Changes  in  the  Oomposiiion  of  Filtei^s. 

It  was  noticed  when  the  filters  were  put  in  operation  in  the  spring 
that  the  frictional  resistance  to  the  passage  of  water  was  less  than  it 
had  been  before  the  period  of  rest.  This  was  most  noticeable,  of 
course,  in  the  upper  portions  of  the  filters,  where  the  accumulation 
of  organic  matter  was  greatest.  The  reason  of  it  appears  to  be  due 
in  part  to  the  removal  by  nitrification  of  some  of  the  organic  matter 
(including  bacteria  in  the  zoogloea  stage)  which  forms  the  gelatinous 
film  around  the  sand  grains,  and  in  part  to  the  thorough  drying  of 
the  surface  layers.  Each  of  these  changes  breaks  up  to  a  certain 
extent  the  adhesion  between  the  different  sand  grains,  thereby  offer- 
ing a  more  ready  passage  for  the  water  through  the  interstices. 

This  observation  is  important  from  an  engineering  point  of  view, 
as  it  bears  upon  the  consideration  of  frictional  resistance  of  filters  to 
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the  passage  of  water,  as  is  discussed  in  a  paper  beyond,  by  Mr. 
Clark.  These  physical  changes  are  also  intimately  associated  with 
biological  changes,  as  is  shown  in  the  following  pages. 

Biological  Changes  in  the  Composition  of  Filters. 

From  a  biological  point  of  view  the  sand  grains  of  a  filter  which  is 
in  efficient  service  not  only  furnish  a  resting-place  for  the  ordinary 
bacteria  which  are  mechanically  detained,  but  they  are  also  sur- 
rounded with  films  of  gelatinous  material  apparently  composed  in 
part  of  bacteria  in  the  zodgloea  form,  and  incapable  of  detection  by 
the  regular  methods  of  bacterial  cultivations.  The  changes  effected 
in  the  organic  matter,  and  probably  in  the  zoogloea,  of  these  films  by 
nitrification  and  drying  have  already  been  mentioned.  At  this  point 
it  is  proposed  to  deal  with  the  bacteria  which  are  in  a  more  active 
state,  and  capable  of  ready  cultivation. 

The  determination  of  the  number  of  bacteria  found  in  the  sand  o  f 
the  filters  in  the  spring  of  1894  showed  that  more  were  present  in  a 
majority  of  cases  at  that  time  than  at  the  date  of  discontinuance  of 
operation  of  the  filters.  This  is  well  shown  by  the  following  com- 
parative results  obtained  from  Filter  No.  33  A :  — 


Depth  prom  Subpaob 

HUMBBR  OF  BACTKUA 
PBH  GBAM. 

Dbtth  fbom  Subvaob 

(IKOHBS). 

NUMBKB  OP  BaCTBBIA 
FBB  UBAM. 

(IXCHBS). 

Dee.  8, 1898. 

April  80, 1894. 

Dec.  8, 1888. 

April  80, 1894. 

0-1 

1 

3 

6, 

787,000 

228,000 

40,000 

76,000 

1,120,000 
600,000 
280,000 
100,000 

12, 
24, 
36. 

44. 

.       •        •        • 
.        •       .        ■ 
.        •        •        • 

•       •        •        • 

88,000 

8,000 

12,000 

16,000 

62.000 
28,000 
49,000 
11,000 

The  significance  to  be  attached  to  the  higher  numbers  of  bacteria 
found  in  the  sand  at  the  close  of  the  period  of  rest  is  not  so  great  as 
would  appear  at  first  sight ;  and  it  is  quite  possible  that  the  bacterial 
growth  which  may  have  occurred  was  very  slight.  The  reason  of 
this  probably  lies  in  the  fact  that  the  bacteria  are  much  more  readily 
detached  from  the  dry  sand  grains  than  is  the  case  when  the  grains 
are  wet  and  coated  with  a  sticky  gelatinous  film.* 

Numerous  determinations  were  made  at  frequent  intervals  of  the 
numbers  of  bacteria  present  in  the  first  portion  of  effluent  of  the 
several  filters  after  operations  were  resumed.  These  results  showed 
on  an  average  that,  during  the  first  eight  hours'  flow  of  effluent,  22 

«  Compare  1898  report,  page  486. 
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per  cent,  of  the  number  of  bacteria  found  in  the  filters  on  Dec.  8, 
1893,  were  washed  from  the  sand.  The  variation  in  the  results 
from  the  several  filters  was  very  marked,  ranging  from  6  per  cent, 
in  Filter  No.  48  (5  feet  deep)  to  80  per  cent,  in  the  case  of  Filter 
No.  46  (1  foot  deep).  The  actual  numbers  of  bacteria  coming  from 
the  sand  ani  present  in  the  effluents  of  these  two  filters  during  the 
first  eight  hours'  flow  averaged  7,700  and  132,000  per  cubic  centi- 
meter, respectively.  In  parenthesis  it  may  be  added  that  the  nitro- 
gen present  in  the  effluents  as  nitrates  was  determined  at  the  same 
time,  and  it  was  found  that  the  amount  of  nitrogen  in  this  form 
reached  more  than  2.5  parts  per  100,000  in  some  instances. 

From  the  discrepancies  in  the  bacterial  contents  of  the  first  por- 
tions of  effluents  of  filters  standing  side  by  side  it  would  appear  that 
the  apparent  increase  in  the  bacteria  found  in  the  sand,  as  illustrated 
by  the  last  table,  should  be  associated  not  so  much  with  the  idea  of 
growth  as  with  differences  in  mechanical  and  physical  conditions  of 
the  filters.  But  it  is  not  to  be  forgotten  that  with  some  species 
of  bacteria  there  may  have  been  a  marked  growth,  while  in  the  case 
of  other  species  there  may  have  been  a  dying  out.  The  facts  which 
have  been  presented,  however,  are  conclusive  proof  that  there  are 
present  in  water  filters  certain  species  of  bacteria  which  possess  the 
power  of  continuance  of  life  in  the  filter  after  draining,  and  in  the 
presence  of  nitrification,  for  a  period  of  over  seven  months  (Decem- 
ber 8  to  July  20). 

Considerable  attention  was  given  to  the  species  of  bacteria  which 
were  washed  from  the  sand  of  the  various  filters.  Sufficient  time 
was  lacking  in  which  to  make  a  thorough  study  of  the  subject,  but 
it  is  instructive  to  note  that  the  predominating  kinds  of  bacteria  were 
those  customarily  met  in  the  effluents  of  filters  in  regular  operation. 

Results  of  the  Application  of  River  Water  to  These  Filters. 

It  has  been  already  intimated  that  these  filters  resembled  new  ones 
in  some  respects  when  they  were  first  put  in  operation,  after  the  long 
period  of  rest.  A  portion  of  the  filters  were  so  situated  that  city 
(filtered)  water  could  be  applied  to  them.  The  result  from  this 
application  will  be  described  shortly.  The  remainder  of  the  filters 
(seven)  continued  out  of  service  until  the  latter  part  of  July,- when 
the  new  pipe  from  the  canal  was  completed,  and  from  that  time 
until  December  1  they  regularly  received  the  application  of  river 
water  taken  from  the  canal. 
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From  a  chemical  point  of  view  it  was  learned  that  these  filters, 
after  resting,  gave  in  less  than  a  week  results  which  we  have  reason 
to  believe  were  very  similar  to  those  which  would  have  been  obtained 
had  the  period  of  rest  not  occurred.  The  results  obtained  during  the 
first  day  were  very  abnormal,  owing  to  the  large  amounts  of  nitrates 
which  were  washed  from  the  filters,  as  has  been  already  noted.  On 
the  second  day  the  nitrates  were  also  quite  high  in  the  effluent  of 
those  filters  which  were  operated  at  a  comparatively  low  rate  of  fil- 
tration. This  set  of  filters  was  put  in  operation  July  19-23,  and  on 
July  26  chemical  analyses  of  the  several  effluents  and  of  the  applied 
riyer  water  were  bade.  The  results  obtained  from  these  analyses, 
as  well  as  those  from  the  new  Filters  Nos.  7  A  and  50,  and  also 
from  Filters  Nos.  3  B  and  8  A  (July  19),  which  had  been  regularly 
in  operation  since  the  preceding  September,  are  presented  in  the 

next  table :  — 

BesuUs  of  Chemical  Analytes. 

/tf/y  26, 1894, 
[Purte  per  100,000.] 


AMMONIA. 

NiTHOOKN  A8 

t 

"s? 

n 
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Filter  wet 

•Urted. 
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1 

1 

1 

8 

1 

» 

y 

s 

^  =  S 

18  A,*         .          . 

1M4. 

July  28, 

81 

.25 

.0062 

.0184 

.20 

.026 

.0002 

.27 

87 

200 

33A, 

», 

n 

.10 

.0006 

.0068 

.21 

.027 
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.21 

8 
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41.«   .        .        . 

20, 

78 

.10 

.0006 

.0082 

.20; 

.028 

.0000 

.22 

61 

400 

43,     .        .        . 

w. 

80 

.21 

.0006 

.0090 

.21 

.026 

.0000 

.27 

16 

800 

44,     .        .       . 

10. 

82 

.20 
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.0098 

.81 

.028 

.0000 

.26 

17 

200 

45,*  ,        .        . 

20, 

81 

.22 

.OC08 

.0104 

.21 

1 

.027 

.0000 

.26 

42 

100 

47.*  . 

20, 

81 

.24 

.0002 

.0068 

.21 

.027 

.0002 

.26 

66 

400 

7A,t         .       . 

Jnly  21, 

70 

.28 

.0102 

.0186 

.28 

.010 

.0004 

.27 

66 

800 

M,t   .       .       . 

28, 

81 

.07 

.0128 

.0060 

.22 

.014 

.0002 

.90 

66 

6,400 

Applied  water. 

- 

77 

.86 

.0116 

.0222 

.» 

.008 

.0002 

.84 

70 

4,800 

July  19, 1894. 


8B,*       .       . 
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Sept.  23, 

76 

.17 
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.0078 

.21 

.026 
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.20 

74 

44 

O  £L^                m             • 

Sept.  26, 

78 

.18 
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.0064 

.22 

.022 

.0000 

.16 

84 

8 

Applied  water, 

- 

77 

.84 

.0088 

.0166 

.20 

.007 

.0000 

.28 

70 

10,200 

*  Intermittent. 


t  New  Altera. 
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From  the  results  of  these  analyses  it  appears  that  in  the  case  of 
Filter  No.  18  A  a  period  of  three  days,  following  the  resumption  of 
operation,  was  too  short  to  enable  the  bacterial  and  other  processes 
to  become  sufficiently  established,  whereby  the  filter  could  yield  an 
effluent  of  normal  chemical  purity.  A  period  of  six  days,  however, 
in  the  case  of  the  remaining  filters  which  had  been  rested,  sufficed 
for  the  production  of  effluents  of  normal  chemical  quality,  except 
that  in  two  of  the  six  effluents  nitrogen  as  nitrites  was  present.  In 
corresponding  periods  with  newly  constructed  filters,  furthermore, 
there  was  exhibited  far  less  progress  in  the  establishment  of  nitrifi- 
cation. 

While  normal  chemical  purification  of  the  river  water  was  quickly 
obtained,  practically  speaking,  at  this  season  of  the  year  and  when 
the  temperature  was  high,  different  results  would  have  been  obtained 
at  other  times  of  the  year,  particularly  with  a  much  lower  temperature. 

A  little  longer  period  was  required  before  the  filters  yielded  an 
effluent  of  satisfactory  quality  from  a  bacterial  point  of  view.  This 
period  ranged  from  six  to  ten  days,  varying  with  the  individual  con- 
ditions. In  a  majority  of  instances,  however,  the  length  was  nine 
or  ten  days.  This  is  shown  in  the  following  table,  in  which  are  pre- 
sented the  average  daily  number  of  bacteria  in  each  of  the  several 
effluents  during  the  first  ten  days  after  the  resumption  of  operation 
of  the  filters ;  together  with  these  results  the  corresponding  ones 
obtained  from  the  new  Filters  Nos.  7  A  and  50  are  given  for  the 
sake  of  comparison. 

Average  Number  of  Baeleria  per  (hibic  Centimeter, 
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08 

16 
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46 
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31 
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M. 
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10,200 
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SO 
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- 
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60 

- 
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- 
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53 

- 

7At,  .        .        - 
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- 
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200 
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- 

- 
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10,000 

2.000 

8,100 

5,000 

8,000 

1.850 

- 

8.800 

4,600 

2.400 

*  Intermitlent. 


t  New  fllten. 
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During  this  period  the  bacteria  in  the  applied  river  water  ranged 
from  1,300  to  8,900,  and  averaged  3,800,  per  cubic  centimeter. 
Additional  information  will  be  found  beyond,  in  the  detailed  ac* 
count  of  the  work  of  the  filters. 

Combining  the  chemical  and  bacterial  evidence,  we  find  that  it 
was  substantially  ten  days  after  the  filters  were  put  in  operation, 
when  the  effluents  first  appeared  to  be  of  satisfactory,  normal  quality. 
This  period  would  doubtless  be  much  different  under  other  condi- 
tions, but  from  the  data  at  hand  it  appears  that  it  was  considerably 
shorter  than  in  new  filters  of  similar  construction  and  methods  of 
operation. 

Results  of  the  Application  of  City  {Filtered)  Water  to  These  Filters. 

{Double  Filtration.) 

To  the  remainder  of  these  small  in-door  filters,  Nos.  38,  42,  46, 
48  and  49,  city  (filtered)  water  was  applied  from  May  until  the 
first  of  September.  This  treatment  was  practically  a  second  filtra- 
tion of  the  Merrimack  River  water,  and  some  very  instructive 
results  were  obtained  from  it. 

Chemical  Itesults,  — The  chemical  composition  of  the  city  water 
improved  somewhat  during  the  four  months,  May  to  August,  in- 
cluiiiive,  as  will  be  noted  in  the  tables  of  analyses  beyond  in  the 
section  on  **  Lawrence  City  Filter."  On  an  average,  however,  the 
composition  for  this  period  of  the  city  (filtered)  water,  which  was 
applied  to  these  filters,  was  as  follows  :  — 

Average  BesuUs  of  Chemical  Analyses  of  Lawrence  City  {Filtered)  Waler^ 

May-August,  1894, 

[Paru  per  100,000.] 


TKUPVRATITSIt. 

Color. 

Ammonia. 

Chlorine. 

KiTXOGBM  AS 

Oxygen 
Consumed. 

Per  Cent. 

Dko.  F. 

Free. 

Albamlnoid. 

Nltmtet. 

Nitrites. 

of 

DlsaoJved 

Oxygen. 

82 

.24 

.0008 

.0085 

.22 

.088 

.0000 

• 

.21 

58 

After  four  days'  operation  the  effluents  of  Filters  Nos.  38,  42,  48 
and  49  showed  a  welUdefined  improvement  in  their  chemical  quali- 
ties. With  Filter  No.  46,  for  reasons  which  are  now  not  fully  un- 
derstood, the  chemical  quality  of  the  effluent  showed  no  improvement 
after  four  days  of  operation  of  the  filter.  After  eleven  and  seven- 
teen days  of  operation  the  chemical  analyses  showed  a  diminution  in 
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the  amount  of  organic  matter  and  in  the  color  of  thewater  after 
filtration,  but  the  nitrogen  as  nitrates  was  also  lower  in  the  effluent 
than  in  the  applied  water.  It  was  not  until  the  filter  had  been 
in  operation  thirty  days  that  the  effluent  showed  the  effect  of  well- 
established  nitrification. 

The  degree  of  <;hemical  purification  of  the  city  water  obtained  by  the 
second  filtration  varied  considerably  in  the  case  of  the  several  filters, 
and  also  during  different  portions  of  the  period  of  operation  in  the 
case  of  each  individual  filter.  We  have  already  referred  to  the  puri- 
fication by  the  different  filters  at  the  beginning  of  this  period,  and 
will  next  consider  the  average  results  for  the  entire  period,  which  are 
given  in  the  next  table.  Time  occupied  in  passage  through  the  filter, 
whereby  the  several  processes  may  effect  the  purification,  is  an  im- 
portant factor  in  the  study  of  this  problem,  and  for  this  reason  the 
depths  of  material  and  rates  of  filtration  are  recorded :  — 


Average  Percenkiges  *  of  Removal  by  FiUratUm  of  Chemical  Constituents  of 

Lawrence  City  Water  {Second  Filtration). 


D«pth 

of 

Material. 

Inches. 

PreicrllMd 

Kate  of 
riltratton. 

Oalloni  per 
Acre  l>atl7. 

1 

Ammonia. 

NlTtOOKM  AS 

i 

BUICBKS  or  FILTU. 

i 

II 

1 

1 

a; 

u 

s 

88 

24 

3,000,000 

28 

10 

83 

1 

0 

lU 

0 

14 

43 

12 

8,000.000 

«      . 

0 

7 

0 

H 

0 

u 

46,     ...        . 

12 

2,500,000 

16 

10 

8 

0 

8t 

0 

0 

48t,  .        .        .        . 

00 

2.500,000 

16 

40 

22 

0 

in 

0 

0 

49,     ...        . 

60 

5.000,000 

16 

80 

17 

0 

in 

0 

0 

*  Organic  mattar  lotrodnced  with  the  applied  B.  prodigionu  la  taken  into  coneiderution. , 
t  No  48  was  operated  Intermittently  daring  the  first  part  of  the  period ;  with  this  exception  the 
operation  of  the  filters  was  eontinuons. 
X  Increase. 

These  results  show  clearly  that  for  the  entire  period  Filters  Nos. 
38  and  42  were  more  efficient  than  Filters  Nos.  46,  48  and  49,  con- 
ditions being  equal,  in  the  removal  of  color  and  that  organic  matter 
represented  by  the  oxygen  consumed.  The  reason  of  this  is  probably 
the  difference  in  chemical  composition  of  the  filtering  materials.  In 
the  discussion  presented  in  the  1893  report,  page  483,  upon  the  re- 
moval of  color  by  filtration,  it  was  noted  that  there  was  a  greater 
removal  by  those  filters  constructed  in  1892  than  by  those  constructed 
during  the  following  year.     To  the  former  set  belong  Filters  Nos. 
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38  and  42,  the  sand  of  which  was  taken  from  banks  on  the  south 
side  of  the  Merrimack  River ;  while  in  the  latter  set  are  Filters  Nos. 
46,  48  and  49,  as  well  as  the  Lawrence  city  filter,  the  sand  of  which 
came  from  Gale's  Hill  on  the  north  side  of  the  river.  The  results 
of  mineral  analyses  of  the  two  lots  of  sand  were  given  with  other 
data  in  the  discussion  referred  to  above. 

It  was  also  noted  in  the  above-mentioned  discussion  that  the 
power  of  removal  of  color  by  these  two  kinds  of  sand  changed  as 
the  filters  remained  in  service,  and  the  removal  by  the  two  sets  of 
filters  gradually  became  more  nearly  alike.  Without  going  too 
deeply  into  details,  as  the  conditions  of  construction  and  operation 
of  the  filters  and  results  of  analyses  are  described  and  presented 
beyond,  it  may  be  stated  that  the  results  of  analyses  obtained  in 
August,  the  last  month  in  which  city  (filtered)  water  was  regularly 
applied  to  this  set  of  filters,  agreed  by  no  means  with  the  averages 
for  the  entire  period.  This  is  brought  out  by  the  following  table, 
in  which  the  August  results  are  presented  in  a  manner  correspond- 
ing to  that  adopted  for  the  results  of  the  entire  period,  as  given  iu 
the  preceding  table. 


Percentages*  of  Removal  by  FiUration  of  Chemical  Consiituenta  of  Lawrence  CUy 

Water,  August,  1894  (Second  Filtration). 


Depth 

of 

Material. 

Inches. 

Prescribed 

Rate  of 
FUtrMtioD. 

Gallons  per 
Acre  Dally. 

i: 

% 

AMMOyiA. 

S 

O 

NlTEOOBN  AS      I 

t 

IfUMBBB  or  FlLTEK.t 

1 

J 

la 

< 

• 

m 

5 

e 

• 

m 

B 

a 

P 

O 

38 

42 

46 

48 

4» 

24 
12 
12 
60 
60 

8,000,000 
8,000,000 
2,500,000 
2,600,000 
6,000.000 

81 
81 
81 
89 
81 

167t 
288t 

loot 

88t 
83 

11 

8 
38 
80 

21 

0 
0 
0 
0 
0 

8t 

at 
«t 
•t 

8t 

0 
0 
0 
0 
0 

16 
16 
16 
16 
16 

*  Organic  matter  introdnced  with  the  applied  B.  prodigUtwut  la  taken  into  eonalderation. 
t  All  Altera  were  operated  coDtinuoasly. 
X  looreaae. 

From  these  results  it  is  seen  that  the  removal  of  color  and  of 
oxygen  consumed  (carbonaceous  matter)  was  substantially  the  same 
in  the  case  of  each  filter ;  while  with  regard  to  the  ammonias  in  the 
effluents  of  Filters  Nos.  42  and  46  (of  same  depth)  the  amount  was 
proportionally  lower  in  the  case  of  the  latter  filter  than  was  indi- 
cated by  the  results  given  in  the  first  table.     For  a  further  discus- 
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Bion  of  the  iDfluence  of  the  chemical  composition  of  sands  upon  their 
action  as  filtering  materials,  reference  is  made  to  Mr.  Clark's  paper, 
beyond. 

Comparison  of  the  results  of  the  second  filtration  with  those  of 
the  first  are  of  interest,  and  for  this  purpose  the  following  statement 
is  made  of  the  average  results  obtained  from  the  direct  filtration  of 
the  river  water  by  these  filters  before  the  period  of  rest.  The 
removal  of  color,  albuminoid  ammonia  and  oxygen  consumed  from 
the  river  water  averaged  about  35, 50  and  20  per  cent.,  respectively. 

While  nitrification  and  chemical  purification  in  this  set  of  filters, 
to  which  city  (filtered)  water  was  applied,  became  established  in 
practically  the  same  time  as  in  the  case  of  the  remaining  filters,  to 
vrhich  raw  river  water  was  applied,  it  was  found  that  the  behavior 
of  the  two  sets  of  filters,  with  regard  to  the  establishment  of  normal 
bacterial  efficiency,  was  quite  unlike. 

Uacterial  ItesuUs. — During  the  period  May  to  August,  inclusive, 
the  number  of  bacteria  in  the  city  (filtered)  water,  which  was  applied 
to  this  set  of  filters,  ranged  from  35  to  180,  and  averaged  111  per 
cubic  centimeter.  In  the  case  of  those  filters  which  received  river 
water  it  will  be  remembered  from  the  table  on  page  585  that  in  ten 
days  or  less  the  numbers  of  bacteria  in  the  efiiuents  became  practi- 
cally normal  and  constant  (under  50  per  cubic  centimeter).  With 
the  filters  under  consideration  the  results  were  much  different.  In 
fact,  it  was  not  until  the  fourth  week  of  operation,  after  the  period 
of  rest,  that  the  number  of  bacteria  in  any  of  the  efi9uents  became  as 
low  as  that  in  the  applied  city  water.  Furthermore,  with  Filter 
No.  42  a  period  of  more  than  six  weeks  elapsed  before  the  above- 
mentioned  conditions  obtained. 

Another  striking  feature  in  the  results  obtained  from  this  group 
of  filters  is  the  exceeding  slowness  with  which  the  bacteria  in  the 
efiiuents  decreased  to  low  and  constant  numbers.  As  has  been 
already  noted,  the  bacteria  in  river-water  efiiuents  of  filters  operated 
under  similar  circumstances  became  practically  constant  in  ten  days ; 
but  in  the  case  of  the  city  (filtered)  water  efiiuents  the  bacteria 
decreased,  speaking  in  general  terms,  throughout  the  entire  period 
in  question.  This  is  shown  by  the  following  table,  in  which  are 
presented  the  weekly  averages  of  daily  quantitative  determinations 
of  the  bacteria  in  the  several  efiiuents  for  a  period  of  fifteen  weeks. 
Owing  to  the  fact  that  the  filters  were  not  started  on  the  same  dates, 
each  week's  results  do  not  correspond  to  the  same  period  of  time  in 
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the  case  of  the  several  filters.  This  is  a  matter  of  but  little  conse- 
quence, however,  because  there  was  practically  no  influence  exerted 
by  the  slight  differences  in  the  numbers  of  bacteria  present  in  the 
applied  city  (filtered)  water. 

Weekly  Average  Results  of  the  Daily  Determination  of  the  Numbers  of  Bacteria 
per  Cubic  Centimeter  in  Effluents  of  Those  Filters  to  wMch  Lawrence  City 
(Filtered)  Water  was  applied, 

May-Aufftutt  1894, 


WbKK  AFTKR  RlSUMPTIOir 

or  Opbbatioh. 


Effldbvt  of  Filters  Nob.— 


sa. 


«i. 


4«. 


49. 


49. 


1. 
2, 

8* 

6. 
0f 
7, 
8, 
9, 
10, 

n* 

18, 
14, 
16. 


27,600 

8,700 

82,140 

234 

149 

685 

125 

180 

271 

68 

234 

91 

Id 

431* 

58 

83 

141 

86 

86 

89 

88 

86 

80 

56 

86 

88 

52 

10 

28* 

26 

16 

19 

84 

13 

19 

19 

22 

18 

64 

10 

17* 

12 

8 

9 

19 

2,900 

867 

166 

106 

60 

47 

28 

20 

24 

14 

16 

14 

10 

T 

90 


14,750 

413 

68 

65 

62 

40 

83 

20 

27* 

12 

25 

18 

5 

8 

13 


*  The  sarfaca  of  the  filter  wat  scraped  to  relieve  clogging  durlog  the  week  covered  by  this  rasolt. 

During  the  gradual  and  continued  decrease  in  the  number  of  bac- 
teria in  the  efiinents  it  will  be  noted  that  in  very  few  instances  did 
they  become  less  than  10  per  cubic  centimeter ;  and  in  no  case  did 
an  effluent  contain  less  than  5  per  cent,  of  the  number  of  bacteria  in 
the  applied  water. 

Another  feature  of  interest  is  that  the  removal  of  the  clogged  sur- 
face layers  by  scraping  exerted  apparently  no  influence  upon  the 
bacterial  contents  of  the  effluents.  The  surfaces  were  not  clo^rored 
by  silt  and  organic  matters,  as  is  the  case  with  filters  which  receive 
river  water,  but  largely  by  iron  rust  and  accumulations  washed  from 
the  service  pipes.  This  was  remedied  in  part  by  the  replacement  in 
July  of  a  portion  of  the  old  pipe  with  a  new  one.     The  material  re* 
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moved  by  flashing  from  the  old  pipes,  which  had  been  in  place  for 
many  years  before  the  city  water  was  purified  by  filtration,  contained 
many  living  bacteria,  which  doubtless  were  of  a  very  hardy  nature. 

Taking  into  consideration  the  chemical  composition  of  the  applied 
water,  with  its  lessened  amount  of  organic  matter  after  passage 
through  the  filters,  owing  to  nitrification,  and  the  presence  at  the 
upper  surface  of  the  sand  of  a  clogging  layer,  the  question  naturally 
arose.  Are  the  bacterial  contents  of  the  efiluents,  higher  than  that 
of  the  applied  water  for  nearly  a  month  after  the  filters  were  put  in 
operation,  to  be  regarded  as  an  indication  of  an  abnormally  low 
power  of  the  filters  to  remove  the  applied  bacteria,  or  are  these  re- 
sults chiefly  if  not  wholly  due  to  the  continuance  of  life  and  growth 
of  certain  bacteria  within  the  filters  and  their  under-drains  ? 

Owing  to  the  marked  similarity  between  the  species  of  bacteria  in 
the  effluents  and  in  the  applied  city  (filtered)  water,  it  was  decided, 
in  order  to  obtain  light  upon  the  above  question,  to  resoii;  to  the 
application  of  B.  prodigiosus^  according  to  the  methods  described 
in  earlier  reports.  From  July  6  to  August  18  pure  cultures  of  this 
germ  were  applied  with  the  following  results  to  Filters  Nos.  46,  48 
and  49 :  — 


Weekly  Average  BesuUs  of  the  'Daily  DelemiincUion  of  the  Number  of  B.  ProdU 
gi09U8  per  Cubic  Centimeter  in  the  Applied  Water  and  in  the  Effluents  of  the 
Several  Filters,  July  6-Aug,  18, 1894, 


WXBK  EXDISO— 


Applied 
Water. 


July  7,* 
14,. 
21,. 
28,. 

Aug.    4,. 

11.. 
18.. 


7,800 
18,200 
16,200 
14,800 
16,000 
11,100 

0,800 


EffFLCXHT  or  FXLTKkS  NOS.— 


4«. 


4S. 


40. 


24 

104 

84 

87 

17 

8 

8 


68 
81 
44 
23 
20 
11 
8 


41 
88 
40 
84 
23 
22 
14 


*  Two  days  only. 


By  these  results  it  is  seen  that  the  percentage  removal  of  the 
number  of  applied  B.  prodigiosuSj  a  germ  apparently  incapable  of 
growth  within  these  filters  and  their  under-drains,  was  much  greater 
than  in  the  case  of  the  applied  water  bacteria.  Nevertheless,  the  roost 
important  lesson  to  be  learned  from  the  above-described  experiment 
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is  that  the  filters  did  not  give  at  any  time  a  normal  efficiency  in  the 
removal  of  this  germ,  as  is  shown  by  the  fact  that  the  numbers  in 
the  effluents  were  about  ten  times  higher  than  were  ordinarily  ob- 
tained from  these  filters  and  others  of  similar  construction  and 
operation  in  the  filtration  of  river  water  during  former  years. 

The  information  obtained  from  the  application  of  river  water  and 
city  (filtered)  water  to  this  set  of  filters,  which  remained  out  of 
service  during  the  winter  and  early  spring,  points,  with  other  evi- 
dence, to  the  following  conclusion :  An  important  feature  of  sand 
filters,  which  show  normal  efficiency  in  the  removal  of  bacteria, 
consists  of  a  gelatinous  film  around  the  grains,  to  a  considerable 
depth  from  the  surface,  whereby  the  bacteria  are  mechanically  de- 
tained there  under  such  conditions  that  their  lives  come  to  an  end. 

Eelativb  Degrees  of  Bacterial  Purification  of  Water  by 
Sand  Filtration  under  Different  Conditions. 

The  present  report  is  the  fifth  in  which  an  account  of  the  Lawrence 
investigations  upon  this  subject  is  given,  and  the  third  one  that  con- 
tains a  discussion  in  considerable  detail. 

General  Features  of  the  Investigations. 

At  the  outset  of  this  discussion  it  is  desired  to  call  attention  to 
some  of  the  general  features  and  conditions  of  the  investigations 
under  consideration.     The  most  important  of  these  are  as  follows  :  — 

1.  Bacterial  Methods.  —  In  the  annual  report  of  the  Board  for 
1891,  page  620,  it  was  stated  that  unusual  care  was  taken  to  make 
the  bacterial  determinations  under  conditions  as  nearly  parallel  as 
possible,  in  order  that  the  results  might  be  strictly  comparable. 
Composition  and  reaction  (optimum)  of  culture  media  and  tempera- 
ture and  period  of  bacterial  development  have  been  controlled  as 
carefully  as  possible.  At  this  time  the  subject  of  methods  will  be 
dismissed,  with  the  remark  that  it  has  been  the  custom  in  this 
laboratory  to  allow  the  bacteria  present  in  the  waters  to  develop  in 
cultures  for  a  period  of  four  days  at  20^  C.  In  many  laboratories  the 
period  is  a  somewhat  variable  one,  and  averages  perhaps  about 
forty-eight  hours.  On  account  of  different  but  improved  methods, 
the  numbers  of  bacteria  found  in  the  Lawrence  effluents  have  been 
considerably  higher  than  would  otherwise  be  the  case. 

2.  Bacterial  Results  of  Filtration. — There  are  several  expres- 
sions which  are  used  in  speaking  of  the  bacterial  results  of  filtration. 
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Accurately  speaking,  their  true  significance  is  quite  unlike,  and 
considerable  confusion  has  arisen  from  failure  to  clearly  understand 
the  differences.  For  the  sake  of  greater  accuracy  and  clearness  it  is 
proposed  to  give  to  these  technical  expressions  a  definite  significance, 
showing  the  light  in  which  they  are  now  regarded  at  the  station. 
The  principal  expressions  in  question  are  as  follows :  — 

A.  Bacterial  efiiciency. 

B.  Bacterial  purification. 
C     Hygienic  eflSciency. 

Bcu^erial  efficiency  is  regarded  as  the  percentage  which  the  num- 
ber that  failed  to  appear  in  the  effluent  is  of  the  number  of  bacteria 
in  the  applied  water.  (Compare  page  578.)  It  is  this  expression 
which  truly  applies  to  the  results  of  the  ordinary  determinations  of 
the  number  of  bacteria  in  the  applied  water  and  in  the  effluent 
of  a  filter.  The  number  of  bacteria  found  in  an  effluent  includes,  as 
was  noted  on  p.  578,  those  which  had  their  origin  in  the  lower  por- 
tions of  the  filter  and  its  under-drains,  as  well  as  those  which  may 
have  passed  directly  through  the  filter  from  top  to  bottom.  And 
there  exist  no  well-defined  methods  by  which  these  two  classes  of 
bacteria  may  be  readily  separated,  under  ordinary  circumstances. 
Nevertheless,  repeated  determinations  of  the  bacterial  efficiency  of  a 
filter  by  a  well-trained  bacteriologist  are  perhaps  the  best  index  of 
the  real  work  done  by  a  filter. 

Bacteinal  purification  is  regarded  as  the  percentage  removal  by 
filtration  of  the  applied  bacteria.  This  expression  bears  no  relation 
to  those  bacteria  in  effluents  which  have  their  origin  within  the  filter 
or  under-drains,  and  does  not  distinguish  between  the  different  kinds 
of  bacteria  which  pass  directly  through  the  filter.  As  follows  from 
the  explanations  above,  there  is  no  ready  means  of  learning  the  true 
bacterial  purification  of  filtration,  and  this  is  the  reason  why  the 
artificial  application  of  cultures  of  B*  prodigioBus  has  been  resorted 
to  so  regularly  in  studying  the  laws  of  filtration.  It  will  be  re- 
membered from  earlier  reports  that  this  particular  species  of  bacteria 
has  been  found  to  be  unable  to  grow  within  the  Lawrence  filters. 

Bacterial  purification  signifies  a  greater  percentage,  of  course, 
than  does  bacterial  efficiency.  Thus,  in  1893,  when  B.  prodigiosus 
was  regularly  applied  to  a  set  of  filters  which  varied  widely  in  their 
construction  and  operation,  it  was  found  that  on  an  average  the 
bacterial  purification  (B.  prodigiosua  results)  was  99.81,  while  the 
bacterial  efficiency  was  only  98.46.     Many  of  these  results  were 
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obtained  under  very  severe  conditions,  and  it  may  be  added  that 
normal  bacterial  purification  by  filtration  ranges,  according  to  our 
present  results,  from  99.90  to  100. 

Bacterial  purification  was  the  beading  of  corresponding  sections 
in  the  two  preceding  reports,  where  the  B.prodigiosus  re&ults  served 
as  a  basis  of  discussion.  The  same  heading  is  retained  for  the 
present  section,  largely  for  the  sake  of  uniformity,  although  most 
of  the  data  for  the  past  year  are  upon  bacterial  efficiency,  which 
calls  for  a  change  in  the  sub-headings.  The  consideration  of  the 
Ji.  prodigiosus  results  as  indicative  of  average  bacterial  purification 
assumes,  of  course,  that  the  B,  prodigiosus  has  substantially  the 
same  life  history  in  water  as  the  average  germ  which  is  found  in  the 
applied  water,  and  which  is  incapable  of  growth  within  the  filters. 

Hygienic  efficiency  is  regarded  as  the  percentage  removal  by  filtra- 
tion of  the  applied  bacteria  that  are  capable  of  producing  disease. 
The  data  at  hand  indicate  that  hygienic  efficiency  is  at  least  as  great 
as  bacterial  purification ;  and  there  are  strong  grounds  for  the  belief 
that  the  removal  of  disease  germs,  under  conditions  which  should 
obtain  in  actual  practice,  is  greater  than  the  removal  of  all  bacteria 
for  which  water  is  the  natural  habitat,  but  which  fail  to  grow  within 
the  filters. 

The  question  of  hygienic  efficiency  of  filtration  in  a  great  majority 
of  cases  is  the  vital  one  to  be  considered.  The  subject  cannot  be 
definitely  settled,  however,  until  we  have  more  accurate  knowledge 
of  ordinary  water  bacteria,  and  especially  more  detailed  and  exact 
information  with  regard  to  their  life  histories  under  different  natural 
conditions.  From  the  outset  of  the  Lawrence  investigations  these 
problems  have  been  a  prominent  feature  of  the  biological  work,  and 
much  light  has  been  obtained  upon  them. 

3.  Size  of  Filters.  —  It  is  worth  noting  that  at  the  present  time 
we  have  results  from  the  operation  at  all  seasons  of  the  year,  not 
only  of  filters  20  inches  in  diameter  but  of  those  of  17  feet  diameter, 
as  well  as  of  the  Lawrence  city  filter,  2.5  acres  in  area.  There  is 
no  evidence  pointing  to  abnormal  results  from  the  small  filters,  ex- 
cept in  those  instances  of  which  special  mention  has  been  made,  and 
then  the  abnormal  results  have  not  been  included  in  the  averages 
arranged  for  discussion. 

4.  Length  of  Service  of  Filters  and  Duration  of  Experiments.  — 
As  the  accumulation  of  facts  bearing  upon  the  best  methods  of  puri- 
fication of  water  continues  year  by  year,  it  has  been  found  that  each 
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year's  results  are  by  no  means  a  simple  confirmation  of  earlier  ones. 
With  increasing  age  in  filters  come  changes  in  their  conditions,  from 
which  arise  different  degrees  of  bacterial  purification,  and  which  call 
for  different  management  in  their  operation.  Bearing  this  in  mind, 
and  also  the  fact  that  in  actual  practice  plants  for  the  purification  of 
water  are  ordinarily  constructed  for  permanent  use,  it  is  obvious 
that  from  a  practical  point  of  view  the  conclusions  drawn  from  the 
results  of  a  few  weeks'  or  a  few  months'  experimentation  with  new 
water  filters  are  only  of  limited  value  and  importance. 

In  this  connection  it  is  proper  to  point  out  to  the  reader  that  of 
the  sixteen  filters  which  have  been  studied  during  the  past  year,  one 
was  constructed  in  1889,  four  in  1892,  nine  in  1893  and  two  in  1894. 
Careful  records  have  been  kept,  showing  the  history  of  each  filter  in 
its  several  phases.  Practical  results  of  much  value  have  resulted 
from  the  continuance  of  the  investigations  upon  the  same  filter,  as 
will  appear  from  the  following  discussion  of  the  effect  of  age  of  filters 
upon  their  bacterial  efficiency. 

The  Efpect  upon  Bactebial  Efticienoy  of  Period  of  Service 

(Age)  or  Filters. 

In  earlier  reports  it  was  noted  that  the  efiluents  of  water  filters  in 
some  instanc.es  did  not  give  normal  bacterial  results  during  the  first 
days  of  operation.  No  definite  period  was  fixed  upon  as  necessary 
before  normal  results  could  be  obtained,  although  in  the  report  for 
1893  it  was  stated  that  the  bacteria  in  the  effluents  of  new  filters 
were  so  high  during  the  first  two  weeks  of  operation  that  the  results 
were  not  included  in  the  averages.  -     - 

A  brief  summary  is  instructive  of  the  bacterial  results  obtained 
from  the  early  operation  of  those  filters  which  have  been  started 
since  1891,  when  river  water,  drawn  from  the  canal,  was  introduced 
into  the  station. 

The  filters  which  were  constructed  in  1891  and  1892  contained 
fine  or  medium  fine  sand,  with  loam  layers  in  several  cases,  and 
were  operated  in  the  beginning  at  rates  not  over  2,000,000  gallons 
per  acre  daily.  Judging  by  the  result  from  the  application  of 
typhoid  fever  and  other  germs,  it  appears  that  their  removal  by 
filters  under  these  conditions  was  substantially  normal  during  the 
very  first  days  of  operation.  Some  of  the  effluents  contained  low 
numbers  of  bacteria  (less  than  100  per  cubic  centimeter)  from  the 
outset,  but  in  many  cases  the  numbers  were  high.    A  discussion 
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of  the  ordinary  water  bacteria  present  in  the  effluents  of  this  set  of 
filters,  when  they  were  first  started,  has  never  been  presented,  be- 
cause it  is  not  clear  to  what  degree  the  numbers  were  influenced 
by  the  food  that  was  added  with  the  applied  germs.  In  parenthesis, 
it  may  be  added  that  the  systematic  method  in  present  use  for  the 
application  of  pure  cultures  of  bacteria  was  not  thoroughly  de- 
veloped until  the  latter  part  of  1892. 

The  filters  which  were  constructed  in  1893  contained  coarser 
material  than  the  earlier  ones,  but  the  initial  rate  of  filtration  ex- 
ceeded 2,000,000  gallons  per  acre  daily  in  only  two  instances. 
Viewed  in  the  light  of  our  present  knowledge,  the  numbers  of 
bacteria  present  in  the  effluents  after  starting  were  abnormally  high 
for  a  period  of  weeks,  varying  considerably  in  the  case  of  the  dif- 
ferent filters.  Full  accounts  of  these  results  were  presented  in  the 
report  of  the  Board  for  1893,  but  for  the  sake  of  ready  comparison 
they  are  summarized  in  a  somewhat  arbitrary  way  in  the  following 
table :  — 

Table  shotoing  Period  of  Operation  of  New  (1893)  Fillers  before  They  gave  Indi- 
cations of  Attaining  Normal  Bacterial  Efficiency, 


Ndmbkr  of  Filtkb. 


Eff«ctlTe 
Size. 

UHUmeter 


8B, 

8  A, 


48. 


44. 


45. 


46 

47..  .  .  . 
4o(  ■  •  •  . 
49,.  .  .  . 
Lawrence  city  filter, 


.28 
.28 
.28 
.28 
.28 
.29 
.29 
.88 
.88 
.26 


Depth 

of 

Material. 

Inches. 


Method 

of 

Operation. 


Approxi- 
mate 
Rate  of 
Filtration. 

MfUlon 
Oalloni  per 
Acre  Dally. 


60 
60 
60 
60 
60 
12 
60 
60 
60 
60* 


Intermittent. 

OontinnoQB. 

Contlnnona. 

Contlnnona. 

Intermittent. 

OontlnQOQB. 

Intermittent. 

Intermittent. 

Contlnnone. 

Intermittent. 


a 

2 
8 
8 
2 
2 
2 
2 
2 
1.2 


^DUBKK  OF  WkKSS  WHICH  KlL- 
TBR8  HAD  BBkM  IK  OPSKATIOX 
WHKN    EfFLUKXTS    COKTAIKEO 

NniBBia  OP  Bactbbia  pbkCc- 

BIC  CBNTIirKTEK  LSae  THaX  — 


ISO. 


100. 


so. 


88 
7 
T 
8 
6 
2 
T 
T 
8 
6 


80 
9 
8 
4 
6 
8 
7 
7 
6 

26 


*  Mlnlmnm  dlatance  which  water  paaeee  through  aand. 


By  comparison  of  this  summary  with  the  results  presented  in  the 
tables  on  pages  577  and  585,  showing  the  bacterial  efficiency  in  1894 
after  the  resumption  of  operations  followinsr  the  long  period  of  rest 
in  the  case  of  the  small  filters  (Nos.  43-49),  as  well  as  with  the 
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results  beyond  from  the  larger  filters,  it  is  seen  that  these  filters 
under  the  existing  conditions  did  better  work  as  they  grew  older. 

From  a  study  of  the  results  of  application  of  B.  prodigiosus  to 
these  filters  when  they  were  new,  it  was  found  that  the  bacterial 
purification^  as  well  as  the  bacterial  efficiency^  was  abnormally  low 
at  that  time,  and  that  it  also  subsequently  increased,  according  to 
later  results. 

With  regard  to  the  remaining  filters  studied  in  1894,  that  is,  those 
which  were  constructed  before  1893,  there  has  been  a  decided  im* 
provement  in  the  average  bacterial  efficiency  in  each  case,  as  is 
shown  by  the  following  table :  — 

Comparison  oj  Average  Bacterial  Efficiency  in  1893  and  1894, 


D«t«  when  Gon- 
•tructed. 

AVBBAOK  RATB  or  FlLTBATlOV 

(Ualloxs  pbb  Aobb  Daily). 

Avbbaoe  Bactebial 
Efficiknct. 

SOMBBS  or  FXLTBB. 

19»S. 

18M. 

IMS. 

ISM. 

18A, 

■3  A,  •       «        •        •       . 

89, 

41 

42, 

Sept.    17,1880, 
April  28,1802, 
April  28,1802, 
May      0, 1802, 
Oct.     20, 1802, 

1.880,000 
2,100,000 
2,220,000 
1,840,000 

1.800,000 

1 

4,870,000 
1,945,000 
2,000,000 
2,005,000 
2,027,000 

06.75* 

00.00 

00.02 

00.57 

00.10 

03.07 
09.63 
99.82 
99.82 
99.47 

*  Unaraally  low,  owing  to  aoroe  very  poor  raaolta  obtNlned '  aboot  Oetobor  1,  whea  there  waa  • 
change  In  the  method  of  operaUng  the  Alter  intermittently,  together  with  other  abnormal  coodltlona. 

Sufficient  evidence  has  already  been  presented  to  establish  the 
point  that  the  bacterial  efficiency  and  the  bacterial  purification  of 
water  filters  increase  with  age,  other  conditions  being  equal.  The 
relation  between  age  of  filters  and  other  factors,  such  as  rate  of 
filtration,  depth  of  material,  etc.,  with  regard  to  their  respective 
influence  upon  the  results  of  filtration,  will  be  discussed  in  turn 
under  the  proper  headings.  It  is  now  proposed  to  examine  the 
ways  in  which  filters  themselves  change  as  they  continue  in  service. 

Gradual  Changes  in  Filtering  Materials,  —  Simply  by  inspec- 
tion it  is  apparent  that  new  sand  is  quite  unlike  that  taken  from 
filters  which  have  been  in  operation  for  some  time.  The  chief  dif- 
ference is  that  the  grains  of  the  latter  are  apparently  covered  with  a 
sticky  gelatinous  coating,  as  will  be  demonstrated  by  Mr.  Clark  in 
a  subsequent  paper.  In  the  case  of  grains  situated  at  or  just 
below  the  upper  surface  layer  of  sand  this  coating  is  so  thick  that 
the  grains  are  considerably  discolored.     Here  it  is  that  the  applied 
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bacteria  are  detained  in  the  largest  numbers.  Passing  downward 
into  the  main  body  of  the  sand  a  short  distance,  the  discolorization 
disappears. 

At  this  time  further  discussion  of  the  composition  of  these  gelati- 
nous films  is  deferred,  but  there  are  numerous  reasons  for  believing 
that  they  are  an  essential  feature  in  the  removal  of  bacteria  from 
water  by  filtration,  not  only  biologically,  but  also  by  virtue  of  their 
power  of  mechanical  retention.  Two  of  the  most  important  reasons 
for  this  belief  are  as  follows  :  — 

1.  In  new  filters,  and  in  old  filters  which  have  been  out  of  oper- 
ation for  a  considerable  period,  normal  bacterial  results  do  not 
appear  to  be  obtained  until  these  films  are  formed. 

2.  In  old  filters  which  are  in  regular  operation,  and  which  yield 
normal  chemical  and  bacterial  results,  a  marked  deterioration  in 
these  results  occurs  when  for  any  reason  there  is  a  well-defined 
mechanical  disturbance  of  the  main  body  of  sand,  whereby  the  con. 
tinuity  of  the  films  is  broken  to  a  certain  degree. 

So  far  as  can  be  learned  from  the  long  series  of  experiments,  those 
biological  processes  and  conditions  which  cause  the  disappearance 
of  bacteria  may  exist  in  filters  to  a  normal  degree,  and  yet  the 
resulting  effluent  may  show  abnormally  low  bacterial  purification, 
because  the  applied  bacteria  were  not  retained  so  that  they  could  be 
killed.  Bacteria  do  not  appear  to  be  killed  in  the  few  minutes  or 
hours  occupied  by  the  water  in  its  passage  through  the  filter ;  and 
for  that  reason  the  mechanical  aspect  of  filtration  should  not  be  for- 
gotten, whatever  may  be  its  relative  importance  in  comparison  with 
the  biological  aspect. 

Among  the  methods  which  may  be  mentioned  for  estimating  the 
amount  of  coating  upon  the  grains  are  frictional  resistance  to  the 
passage  of  water  and  chemical  analysis  of  the  grains,  as  they  are 
taken  from  the  filter.  Mr.  Clark  discusses  the  former  in  a  subse- 
quent portion  of  this  volume,  and  we  will  illustrate  at  this  time  the 
latter  method  by  the  most  marked  case  studied  in  1894 ;  that  is,  the 
results  from  Filters  Nos.  18  A  and  50. 

This  pair  of  filters  contains  5  feet  in  depth  in  each  case  of  coarse 
sand  of  the  same  effective  size  (0.48  millimeter).  They  were  both 
put  in  operation  July  23,  1894  ;  Filter  No.  50  was  new  on  this  date, 
while  the  other  filter  was  constructed  in  1889,  but  had  been  out  of 
service  since  Dec.  8, 1893.  The  average  rate  of  filtration  was  about 
5,000,000  gallons  per  acre  daily  in  each  case ;  bat  it  is  to  be  noted 
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that  Filter  No.  18  A  was  operated  intermittently  and  the  other  con- 
tinuously. From  our  general  knowledge  of  the  subject  and  of  the 
results  from  this  pair  of  filters  it  does  not  appear  that  this  last  factor 
bad  much  weight  in  this  instance. 

On  July  23, 1894,  the  new  sand  in  Filter  No.  50  contained  organic 
nitrogen  to  the  amount  of  about  1  part  per  100|000  by  weight  of 
dry  sand.  The  average  quantity  in  the  sand  of  Filter  No.  18  A  was 
about  three  times  as  much  on  this  date,  as  is  shown  by  the  tables* 
and  statements  in  the  report  of  1893,  page  484. 

When  river  water  was  applied  to  this  pair  of  filters  the  result  was 
that  the  new  filter  did  not  give  normal  bacterial  efficiency  until 
nearly  three  months  after  the  beginning  of  operations,  while  No. 
18  A,  the  old  filter,  showed  normal  efficiency  in  about  ten  days. 
Moreover,  in  October  and  November,  when  normal  bacterial  results 
were  obtained  from  Filter  No.  50,  it  was  learned  that  this  filter 
was  at  that  time  much  more  sensitive  than  Filter  No.  18  A  to  dis- 
turbing influences,  such  as  fluctuations  in  the  rate  of  flow,  as  noted 
beyond. 

On  December  1  these  filters  were  stopped  for  the  winter.  After 
allowing  the  water  to  drain  from  the  sand,  samples  of  the  sand  from 
diflTerent  depths  of  each  filter  were  collected  for  chemical  and  bac- 
terial analyses,  the  results  of  which  are  as  follows :  — 


Number  of  Bacteria  and  Amount  of  Organic  Nitrogen  found  in  Different  Depths 
of  the  Hand  of  Fitters  Nos.  ISA  and  50,  Dec.  1, 1894. 


DiPTH  FIOM  SUBFACB  (IVOBBt). 


12,  . 

24.  . 

86,  . 

48,  . 

M,  . 


Oboavic  Nitrookn*  (Pabts 

PKB  100.000  BT  MTliloUf 
or  iinY  0AXD). 


Filter  No.  ISA. 


Flltar  No.  60. 


12.8 

28.2 

16.1 

1S.8 

14.8 

8.6 

0.0 

4.8 

8.4 

8.8 

8.1 

2.8 

2.1 

2.0 

1.5 

1.8 

2.0 

1.0 

Baotbbxa  pbb  Obax. 


Filler  No.  18A 


Filter  No.  60. 


2,780,000 

2,100.000 

700,000 

688,000 

28,000 
44,100 
17,000 
17,000 
88,000 


7,560,000 
1,000.000 
61,100 
80,500 
91,000 
85,000 
64.000 
2i,000 
42,000 


*  Th«  organic  nitrogen  wbb  eBlealated  bb  \^  of  the Blbumlnold  BmmoniB  doubled;  and  no  dedaetlon 
WBB  made  of  ihe  nitrogen  orlgtoally  present  In  the  Band. 
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The  smaller  amount  of  nitrogen  and  fewer  bacteria  at  the  surface 
of  Filter  No.  18  A  are  explained  by  the  fact  that  the  surface  had 
been  scraped  more  recently  than  was  the  case  with  Filter  No.  50. 
From  depths  of  3  to  nearly  24  inches  below  the  surface  the  organic 
nitrogen  in  the  sand  of  Filter  No.  50  was  only  about  60  per  cent, 
of  that  in  Filter  No.  18  A.  In  the  case  of  the  latter  filter  it  will  be 
noted  that  high  numbers  of  bacteria  were  found  in  the  sand  at 
greater  depths  from  the  surface  than  in  the  case  of  the  former  filter, 
and  there  are  strong  grounds  for  believing  that  the  greater  amount 
of  organic  matter  attached  to  the  sand  grains  for  some  distance 
below  the  surface  of  Filter  No.  18  A  was  a  prominent  factor  in  expla- 
nation of  its  resistance  to  the  disturbing  influences,  which  caused  a 
diminution  in  the  bacterial  efficiency  of  Filter  No.  50. 

On  July  23  the  new  sand  of  Filter  No.  50  contained  practically  no 
organic  matter  arranged  as  such  films  around  the  grains  as  was  later 
the  case  with  the  sand  of  the  upper  portion  of  the  filter.  Filter  No. 
18  A  at  that  time  did  possess  sufficient  organic  matter  to  quickly 
form  gelatinous  films  around  its  grains ;  and  it  is  instructive  to  com- 
pare its  bacterial  efficiency  with  that  of  Filter  No.  50  during  the  period 
when  the  accumulated  organic  matter  gradually  formed  in  the  latter 
filter  those  sticky  coatings  upon  which,  apparently,  normal  bac- 
terial efficiency  is  dependent  to  a  certain  degree  in  filters  of  coarse 
material. 


Average  Weekly  Results  of  the  Daily  Determinations  of  the  Number  of  Bacteria  in 
Applied  River  Water  and  in  Effluents  of  Filters  Nos.  18  A  and  30, 

[July  2&-Oct.  27. 18M.] 
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18,        .       . 

2,000 

84 

876 

Oet.    6. 

66,800 

800 

864 

26.        .        . 

4.700 

120 

880 

18,        .       . 

68,800 

810 

680 

Sept.  1, 

8.000 

01 

866 

20.        .       . 

4.000 

168 

280 

8.        .       . 

.    4.000 

60 

200 

27.        .       . 

4,100 

61 

77 
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With  filters  of  finer  material  the  differences  in  the  bacterial  con- 
tents of  the  effluents,  as  shown  in  the  last  table,  would  he  less 
marked.  Nevertheless,  the  records  already  presented  prove  that 
the  bacterial  efficiency  of  filters  of  fine  sand  increases  with  age. 
At  this  point,  while  we  are  considering  the  relation  between  bac- 
terial efficiency  and  the  organic  matter  in  the  sand  arranged  as 
gelatinous  films  around  the  grains,  it  is  of  importance  to  observe 
that  in  practically  every  case  there  has  been  an  increase  during 
1894  of  organic  matter  stored  in  the  sand  of  the  filters. 

This  fact  is  established  by  a  comparison  of  the  results  of  chemical 
and  bacterial  analyses  of  numerous  samples  of  sand  collected  from 
various  depths  of  the  several  filters  in  December,  1894,  with  the 
results  of  corresponding  analyses  made  at  the  close  of  the  preceding 
year.  The  1893  results  were  presented  in  the  annual  report  for 
that  year,  page  485,  arranged  in  the  form  of  averages  for  different 
sections  of  the  filters.  Owing  to  the  fact  that  new  sand  had  been 
added  to  many  of  the  filters,  causing  old  surfaces  to  appear  at 
various  depths  from  the  present  surface,  the  results  are  somewhat 
irregular,  especially  so  in  the  case  of  the  1893  set.  For  this  and 
other  reasons  the  averages  are  not  presented  at  this  time,  but  in- 
stead the  results  of  individual  analyses  are  given. 

The  organic  nitrogen  is  calculated  as  fourteen-seventeenths  of  the 
albuminoid  ammonia  doubled,  and  in  no  case  is  any  deduction  made 
for  the  nitrogen  originally  present  in  the  sand. 

Comparison  of  the  Amount  of  Organic  Nitrogen  and  Number  of  Bacteria  found 

in  Different  Depths  of  Sand  from  the  Several  Fitters,  Dec.  8,  1893,  and 

Dec.  i,  1894. 

Filter  No.  1&  A. 


Dbfth  fbom  Scbtaos  (laOKH). 


Oboahic  Nitbookn  (Pabth 

VBK  IIIO.OOO  MT  WKIQHT 

OF  Dkt  Sanii). 


Dec.  8, 18M. 


Dee.  1, 1891. 


1.  . 

3,  . 

«.  < 

86.  . 

48,  , 

«0,  . 


18.4 
5.0 
8.4 
7.4 
9.4 
2.8 
2.0 
1.6 
4.7 


12.0 
16.1 
14.8 
0.0 
0.4 
S.1 
2.1 
1.6 
2.1 


BAOTBBIA  PBS  Obam. 


Dm.  8(  1898. 


1,670,000 

840,000 

140,000 

190,000 

111,000 

86,000 

18,500 

6,800 

44,700 


Dro.  1, 18M. 


2,760,000 

2,100,000 

700,000 

688,000 

26,000 

44,000 

17,000 

17,000 

86,000 


m 
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FiUer  No,  33  A. 

Depth  raoM  Bubtaob  (Ivcbcs). 

OEOAinC  NXTIOOB*  (rAKTS 
FEB  100,000  BT  WEIOHT 

OF  Dbt  Samd). 

Bactbiu  m  Obax. 

Dec.  8, 1808. 

Dm.  1, 18M. 

Dec.  8, 1898. 

Dec.  1,  I8M. 

0->i,* 

6.1 
6.6 
2.6 
0.8 
0.4 
2.2 
1.8 
1.5 

10.8 
6.1 
8.8 
1.6 
4.1 
2.6 
2.1 
1.6 

767.000 

228.000 

40.000 

75,700 

80,000 

8,000 

18,000 

8,000 

6,370,000 

1 

1,500.600 

s. 

800,000 

• 

70,000 

12 

80,000 

11 

18,000 

M. 

7JW0 

48.t 

1^000 

»W.|            •                   ..•■•••• 

FiUer  No.  38. 


O'H 

1 

12.8 
6.0 
8.4 
4.1 
8.8 
8.1 

28.2 

8,480,000 

1,670,000 

10,700 

0,600 

5,600 

11,000(?) 

8,400,000 
4,200,000 

8. 

190,000 

6- 

27,000 

12, 

21,600 

24. 

7,100 

*■»      •"*"*•*•* 

Filter  No,  41, 


0-;<^, 

1.      . 

»•      . 

6, 

12,      . 
24,      . 


48, 


1.0 
8.2 
1.6 
0.0 
0.5 
2.0 
2.1 
2.0 


20.0 
5.6 
2.0 
2.8 
6.7 
8.6 
2.1 
1.0 


1,750.000 

106,000 

46.000 

80,000 

24,000 

21,000 

6,000 

1,600 


7.420.000 
1,470.000 
6g«),000 
77,060 
88,000 
28,000 
23,000 
17.000 


0-U. 

1.       • 
8, 

6,       . 
12, 


FiUer  No,  42. 


0.8 
6,9 
5.7 
8.6 
4.1 


18.8 
8.2 
5.4 
4.4 
5.2 


1,750,000 

111,000 

54,000 

82,100 

4,200 


4,200,000 

4,600.000 

1,200,000 

84,000 

64,000 


*  The  valae  to  bo  BtUehod  to  oompmiiBODs  of  resaltB  of  anAlyeee  of  Band  from  the  npper  qoBrter  of 
BO  Inch  is  quite  limltod,  bb  the  roBalu  Bre  doaely  related  to  b  TBrUible  period  beglDoing  with  the  iBBt 
BcraplDg. 

t  Id  Heveral  of  the  five-foot  filters  It  wbb  Impracticable  to  eollect  BBlUfactory  aamplea  from  the 

lowest  foot. 
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FilUr  No.  43. 


Dapth  vbom  Scbtacb  (Xwnus). 


1. 

«0. 


OBOAiriC   NlTROOB2(  (PaSTS 
PSB  100,000  PBB  Wbioht 

OB  Dkt  Baud). 


Dee.8«18W. 


Dm.  1,1894. 


? 
1.8 
8.8 
8.3 
1.7 
0.7 
0.6 
0.6 
0.8 


21.8 

« 

18.8 
8.9 
4.1 
4.1 
1.8 
1.0 
0.8 
1.8 


RAOmiA  PBB  OMAlf. 


Imo>  8|  1898. 


IMO-  If  189v«t 


9^,000 

87,900 

188,000 

188,000 

106,000 

8,600 

14,900 

99,000 

22,600 


6,480,000 

1,600,000 

890,000 

946,000 

190,000 

40,000 

42,000 

86,000 

18,600 


Filter  No.  44. 


1*  . 

9>  . 

19,  . 

94,  . 

88,  . 

43,  , 

00,  . 


28.9 
10.8 
7.4 
0.9 
8.4 
8.1 
9.6 
1.8 
9.0 


9,020,000 

9,060,000 

1,900,000 

61,000 

60,000 

? 
180,000 
8,900 
18,100 


,8,400,000 

1,740,000 

800,000 

198,000 

70,000 

48.000 

84,000 

98,000 

91,000 


FiUtr  So.  45. 
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Filter  Ho.  46. 


DXPTB  ntOM  SnXFAOB  (IirCBSS). 


If 

12.       . 


OROAma  NiTMOORK  (Parts 

PRR  100,000  RT  WKIOHT 

or  1>RT  Sard). 


Dec.  8, 1898. 


Dec.  1, 1894. 


8.8 
1.6 
1.2 
4.6 
8.3 


16.8 
4.1 
4.8 
S.8 
4.9 


Baotbria  fsr  Orax. 


Dec.  8, 1898 


1,900,000 

676,000 

116,000 

18,000 

7,000 


Dec.  1, 189i. 


9,800,000 

600,000 

130,000 

24,000 

14,000 


Filter  No,  47. 


0-X. 

1, 

3.  . 

6» 

12.  . 

24,  . 

S6,  . 

48,  . 

60.  . 


8,600,000 
170,000 
93,600 
105,000 
79,000 
82.600 
67,000 
80,600 
63,000 


7,700,000 

2,040,000 

1,010,000 

720,000 

246,000 

106,000 

64,000 

84,000 

86,000 


Filter  No.  48. 


0-M, 

1. 

6,  . 

12.  . 
24, 

86»  . 

48,  . 


1,700,000 
470,000 
? 
67,000 
28,000 
18,000 
18,000 
22,000 


6,600,000 

1,850,000 

640,000 

245,000 

105,000 

60,000 

42,000 

8,400 


Filter  No.  49. 


1. 

8, 

6, 
12, 
24. 
86, 
48.       . 


880,000 

7,140,000 

126,600 

4,900,000 

? 

1,600,000 

120,000 

666,000 

26,000 

94,000 

88,000 

48,000 

31,000 

28,000 

? 

16,000 
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Attention  is  called  to  the  discussion  by  Mr.  Clark  upon  the 
increasing  compactness  of  filters,  as  they  continue  in  service.  This 
is  a  matter  of  much  practical  importance  in  this  connection,  and 
is  caused  in  part  by  the  pressure  upon  the  sand  of  the  body  of  water 
which  it  supports. 


The  ErrECT  upon  Baotebial  Efficiency  of  Rate  of  Filtration 

OF  Water. 

Under  this  heading  we  shall  first  consider  the  effect  of  differences 
in  rates  of  filtration,  where  the  rates  are  kept  approximately  con- 
stant. 

From  the  1892  results,  obtained  for  the  most  part  from  filters  six 
to  eight  months  old,  and  constructed  of  fine  or  medium  fine  sand,  it 
was  concluded  that  more  bacteria  were  able  to  pass  the  filters  at  high 
rates  (not  over  3,000,000  gallons)  than  at  low  rates  (500,000  gal- 
lons). It  was  also  noted  at  that  time  that  the  effect  of  rates,  in 
those  experiments,  was  slight,  and  limited  to  a  yariation  of  a 
fractional  part  of  one  per  cent,  of  the  applied  bacteria. 

In  1893  the  results  were  obtained  from  one  filter  which  had  been 
in  operation  four  years,  nine  filters  which  had  been  operated  twelve 
to  eighteen  months  and  nine  more  in  which  the  period  was  three  to 
six  months.  With  this  set  of  experiments  the  influence  of  the  rate 
of  filtration  upon  the  bacterial  results  could  not  be  clearly  traced  in 
several  instances ;  in  fact,  in  some  cases  its  influence  was  completely 
disguised  by  other  factors.  The  conclusion  drawn  at  that  time  was 
that  low  rates  are  undoubtedly  safer  than  high  rates ;  but,  neverthe- 
less, up  to  a  certain  limit  the  rate  apparently  exerts  very  little 
influence,  and  this  limit  is  different  for  different  filters  and  varies 
with  other  conditions  in  the  case  of  the  same  filter. 

In  1894  the  experiments  have  been  continued  with  the  addition  of 
two  new  filters  to  a  majority  of  those  which  were  studied  during  the 
preceding  year.  Ten  of  these  filters  have  been  operated  at  rates  of 
5,000,000  gallons  or  more  per  acre  daily,  and  from  those  filters  which 
had  been  in  operation  for  a  considerable  period  the  average  bacterial  re- 
sults have  been  satisfactory.  With  the  remaining  filters,  operated 
at  rates  of  loss  than  5,000,000  gallons  per  acre  daily,  the  bacterial 
results  have  been  more  satisfactory  than  at  corresponding  rates  dur« 
ing  previous  years. 
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Influence  of  Length  of  Period  of  OpercUion  (Age)  of  Filters. 

The  evidence  accumulated  during  each  successiye  year  of  investi- 
gation at  Lawrence  has  apparently  shown  the  effect  of  rate  of  filtra* 
tion  of  water  upon  bacterial  efficiency  of  filters  to  be  less  and  less. 
From  this  it  follows  that  the  more  recent  results  have  been  obtained 
from  experiments  in  which  there  were  present  one  or  more  con- 
ditions that  disguised  to  a  large  degree  the  effect  of  rate  of  filtration. 
The  1893  results  were  such  as  to  lead  to  this  belief,  and  the  results 
of  the  past  year  have  proven  the  soundness  of  the  view. 

With  our  present  knowledge  it  may  be  stated  that  the  factor 
which  causes  the  effect  of  the  rate  of  filtration  upon  bacterial  effi- 
ciency to  become  practically  ni7,  under  normal  conditions*  is  chiefly 
the  age  of  the  filter.  The  reason  of  this  lies  probably  in  the  increased 
accumulation  of  organic  matter  arranged  around  the  sand  grains  as 
gelatinous  films,  whereby  more  favorable  conditions  are  offered  for 
the  mechanical  retention  of  the  bacteria  under  a  biological  environ- 
ment which  causes  them  to  disappear.  This  explanation,  in  the 
light  of  the  evidence  in  the  earlier  portion  of  this  report  (page 
595),  will  make  it  clear  that  age  of  filters  refers  to  period  of  actual 
operation,  and  does  not  include  periods  of  rest. 

This  view  seems  to  hold  true  under  the  conditions  studied  at 
Lawrence  for  rates  of  filtration  several  times  as  great  as  that  gener- 
ally recognized  as  the  limit,  as  is  pointed  out  below.  It  will  be 
noted  that  the  above  conclusion  is  limited  to  normal  conditions ;  by 
this  is  meant  carefully  controlled  conditions,  such  as  should  obtain 
in  actual  practice.  With  these  high  rates  it  has  been  found  that 
under  unusually  severe  conditions,  such  as  scraping  to  a  depth  of 
more  than  one  inch,  the  bacterial  efficiency  was  less  than  at  lower 
rates  of  filtration. 

• 

Limits   in   Rate  of  Filtration  which  may  he  safely  adopted  in 

Practice^ 

Experience  during  the  past  two  years,  with  ten  different  filters 
which  have  been  in  operation  at  rates  of  5,000,000  gallons  or  more 
per  acre  daily,  leads  us  to  the  conclusion  that  with  conditions  sub- 
stantially equivalent  to  those  at  Lawrence  the  above-mentioned  rate 
may  be  safely  adopted  in  practice,  and  yield  an  effluent  of  satisfac- 
tory quality  after  the  first  or  second  month  of  operation.  The  re* 
suits  upon  which  the  above  conclusion  is  based  have  been  obtained 
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from  five-foot  filters,  two  of  which  are  17  feet  in  diameter,  and 
placed  oat  of  doors  without  protection  from  the  weather. 

Daring  the  first  few  weeks  of  operation  of  a  filter  the  efiect  of 
rate  of  filtration  seems  to  be  more  marked  than  sabsequently ;  bat 
even  under  these  circumstances  its  importance  has  been  found  to 
be  reduced  considerably  in  some  instances  by  other  fistctors,  such 
as  chemical  composition  of  sand,  for  example. 

A  summary  by  months  of  the  1894  results  from  filters  operated 
at  high  rates  when  filtering  river  water  drawn  from  the  canal  is  pre- 
sented in  the  table  below.  These  averages  include  all  results,  some 
of  which  were  obtained  under  conditions  which  can  and  should  be 
avoided  in  practice.  Particularly  was  this  the  case  in  October  and 
November,  when,  at  times  of  very  high  numbers  of  bacteria  in  the 
applied  river  water,  the  surfaces  were  scraped  to  a  depth  of  an  inch 
or  more,  and  when  the  rates  of  filtration  were  subjected  to  marked 
fluctuations.  To  obtain  a  fair  idea  of  the  normal  work  of  the  filters 
it  is  necessary  to  study  the  results  of  individual  analyses,  presented 
beyond.  In  the  consideration  of  the  limit  in  rate,  mentioned  above, 
attention  is  called  to  the  satisfactory  results  obtained,  under  normal 
conditions,  from  Filter  No.  44,  at  7,500,000  gallons^  and  from  Filter 
No.  49,  at  10,000,000  gallons,  per  acre  daily. 


MonMy  Averages  of  the  Number  of  Bacteria  per  Cubic  Centimeter  in  Merrimack 

River  Water  Before  and  After  Filtration. 


Appntximate 

kiuor 

nitration. 

1894. 

Million  Gal- 

loiia  per 
Aere  Dally. 

Ang. 

Sept 

Oct 

Not. 

Peo. 

BiTW  (oanat)  water,    . 

- 

8,100 

20,000 

20,000 

10,800 

21,000 

Bfflaont*  Filter  No.  8B,    . 

6 

61 

87 

61 

104 

287 

-                "         8A,    , 

6 

22 

19 

86 

147 

971 

»                 •*        18  A,    . 

6 

86 

186 

880 

101 

• 

i«                 i«        43, 

5 

60 

108 

488 

141 

- 

"        44,        , 

7.6 

40 

76 

276 

61 

- 

•«        45,        . 

A 

18 

60 

166 

103 

- 

•«        47,        . 

7.6 

46 

118 

401 

206 

- 

"        48,        , 

6 

- 

- 

- 

262 

- 

"                 ••        49, 

10 

- 

- 

- 

180 

"                 ••        60* 

6 

022 

283 

268 

100 

*  New  filter. 
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The  above  data,  together  with  the  foregoing  explanation,  indicate 
that  satisfactory  bacterial  efficiency  has  been  obtained  so  far  as  the 
rates  of  filtration  are  concerned.  A  fairer  idea  of  the  hygienic  effi- 
ciency  may  be  obtained  from  the  results  of  bacterial  purification  by 
the  filters;  or,  to  avoid  technical  expressions,  the  results  of  the 
application  to  the  filters  of  B.  prodigiosuSf  a  germ  which  does  not 
seem  to  grow  within  the  filters  and  which  appears  to  behave  very 
similarly  in  water  to  the  germ  generally  recognized  as  the  cause  of 
typhoid  fever. 

B.  prodigvomis  was  applied  to  each  filter,  except  Nos.  3  B  and  8  A, 
during  October  and  November,  for  ten  hours  per  day,  according  to 
the  plan  described  in  earlier  reports.  The  average  results  of  this 
application  are  as  follows :  — 

Monthly  Averages  of  the  Numbers  of  B.  ProdigiosiM  per  Cubic  Centimeter  applied 
in  River  Water  to  Water  Filters,  and  found  in  Their  Effluents,  1894, 


Applied 

InKiver 

Water. 

[H  EmUBITS  OV  FILTSB8  NOS.  — 

IfOVTH. 

ISA. 

4S. 

44. 

49. 

47. 

48. 

49. 

a«. 

0otob«r,        .       • 
NoTemb«r,     •       •       • 

8,900 
4,800 

8 

1 

6 
8 

4 

1 

1 
S 

S 

8 

6 

2 

2 
8 

These  results  show  that  on  an  average  about  1  in  1,700  of  the 
applied  germs  was  found  in  the  effluents ;  that  is,  there  was  a  bac^ 

• 

terial  purification  of  99.93  per  cent.  As  has  been  already  noted  in  the 
case  of  the  water  bacteria,  the  presence  in  the  effluent  of  many  of  the 
B.  prodigiosus  germs  was  caused  by  abnormal  conditions  which  do  not 
of  necessity  belong  to  the  process  of  water  filtration.  The  significance 
of  these  circumstances  is  that  while  under  normal  conditions  these 
applied  germs  were  practically  all  retained  in  the  filter  until  they 
perished,  yet  these  disturbances  were  so  marked  as  to  cause  rela- 
tively large  numbers  of  them  to  pass  into  the  effluent ;  or,  in  other 
words,  the  above  averages  are  made  up  to  a  large  extent  of  relatively 
high  numbers  obtained  in  a  few  days  during  the  period. 

Detailed  study  of  the  1,070  individual  results,  upon  which  the 
averages  in  the  last  table  are  based,  shows  that  in  52  per  cent,  of 
them  no  B.  prodigiosus  was  found.  Furthermore,  it  was  learned 
that  on  an  average  the  above-mentioned  bacterium  was  not  found 
in  the  effluents  on  42  per  cent,  of  the  days  when  it  was  applied  to 
the  filters. 
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Daring  the  early  part  of  December  the  effluent  of  Filter  No.  8  A 
contained  unusually  high  numbers  of  bacteria,  apparently  owing  to 
the  repeated  disturbances  of  the  surface  in  November.  To  obtain 
more  precise  knowledge  of  its  efficiency,  B.  prodigiosxis  was  applied 
for  ten  hours  a  day,  December  5-15,  in  numbers  averaging  about 
300  per  cubic  centimeter  of  river  water.  Repeated  bacterial  analy- 
ses of  the  effluent  were  made  during  this  period  and  on  subsequent 
days,  but  the  germ  in  question  was  not  found  in  any  instance.  By 
means  of  a  modification  (described  in  the  paper  on  methods,  be- 
yond) of  the  ordinary  methods  of  analysis  50  cubic  centimeters 
were  examined  at  a  time  on  several  occasions,  with  negative  results 
in  each  case,  so  far  as  the  presence  of  B.  prodigiosus  was  concerned. 

In  passing,  it  may  be  noted  that  the  results  of  the  application  of 
these  smaller  numbers  of  bacteria  in  pure  culture  doubtless  give  a 
fairer  idea  of  the  true  hygienic  efficiency  of  filtration  than  the  larger 
numbers  formerly  used.  The  reason  of  this  lies  in  the  fact  that 
there  is  less  opportunity  for  accumulation  in  large  numbers  of  these 
germs  within  the  filter,  thereby  furnishing,  apparently,  certain  con- 
ditions which  conduce  to  longevity,  and  also  to  their  passage  into 
the  effluent  when  disturbing  influences  are  present.  During  the 
earlier  years  of  the  investigations  the  application  of  comparatively 
large  numbers  of  bacteria  in  pure  cultures  was  an  absolute  necessity, 
in  order  to  obtain  in  the  effluent  numbers  so  great  that  they  could 
be  relied  on  for  the  formulation  of  the  laws  of  filtration. 

From  the  application  of  B.  prodigiosus  to  Filter  No.  8  A  (17  feet 
in  diameter  and  containing  5  feet  in  depth  of  medium  fine  sand)  in 
December,  it  is  concluded  that  with  this  filter,  running  under  nor- 
mal conditions  and  filtering  Merrimack  River  water  at  the  rate  of 
5,000,000  gallons  per  acre  daily,  less  than  1  in  15,000  of  B.  prodigi- 
osuSy  when  applied  in  relatively  small  numbers,  passed  through  the 
filter  into  the  effluent ;  that  is,  there  was  a  bacterial  purification  of 
more  than  99.993  per  cent. 

Evidence  of  Limitations  to  the  Theory  that  **  Qualitative  Efficiency 
of  Water  Filters  is  Inversely  Proportional  to  Their  Quantita- 
tive Efficiency*** 

From  the  experimental  investigations  upon  sand  filtration  made  by 
Fmnkel  and  Piof  ke  in  1889  at  Berlin  it  was  thought  that  the  re- 
sults with  regard  to  the  rate  of  filtration  warranted  the  statement 
quoted  above.    The  question  arises,  however :  Were  such  experi- 
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mental  filters  operated  long  enoagh  to  establish  thoroughly  the  truth 
of  the  theory?  Lawrence  experiments  and  results  would  indicate 
that  they  were  not.  Some  of  their  experimental  filters  were  built  of 
fresh  sand,  but  most  of  them  were  constructed  with  material  taken 
at  different  depths  from  filters  which  had  been  in  actual  service  for 
years,  and  all  of  them  were  operated  for  a  comparatively  short  time. 
From  the  experience  obtained  at  Lawrence,  where  the  investiga- 
tions have  been  made  upon  water  filters  which  have  been  continued 
in  service  for  several  years,  it  is  clear  that  the  above-mentioned 
theory,  while  probably  true  for  new  filters  under  some  condi- 
tions, is  not  true  for  filters  which  have  been  in  service  for  a  long 
period.  In  proof  of  this  we  may  say  that  while  some  results  obtained 
during  a  short  period  in  18^)2  from  filters  which  had  been  in  opera- 
tion less  than  six  months  pointed,  in  a  general  way,  towards  a  con- 
firmation of  the  theory  in  question,  confirmatory  results  could  not 
be  obtained  when  the  filters  were  older,  owing  apparently  to  a  more 
extended  accumulation  of  gelatinous  films  within  the  main  body  of 
the  filtering  material. 

'  Before  closing  the  discussion  upon  this  point  it  is  proper  to  call 
attention  to  the  fact  that  sanitarians  are  chiefly  interested  in  the  real 
and  permanent  efiSciency  of  a  filter  rather  than  its  efficiency  during 
the  first  weeks  of  operation.  These  first  weeks,  when  normal  bac- 
terial results  in  many  cases  are  not  forthcoming,  may  be  regarded  as 
a  necessary  period  of  '<  biological  or  chemical  construction  "  as  truly 
as  the  more  obvious  case  of  a  necessary  period  of  engineering  con- 
struction. 

The  Effect  upon  Bacterial  Efficiency  of  Changes  in  the  Rate  of 

Filtration. 

From  our  experience  with  water  filters,  under  the  conditions 
described  in  this  and  preceding  reports,  the  general  statement  may 
be  made  that  decreases  in  the  rate  of  filtration,  other  conditions 
being  equal,  have  been  followed  by  a  very  moderate  decrease  in  the 
number  of  bacteria  in  the  effluent,  if  any  change  in  the  bacterial 
results  was  noticeable.  A  discussion  of  the  present  problem,  there- 
fore, becomes  a  consideration  of  the  effect  of  increments  of  the  rate 
of  filtration. 

For  the  sake  of  clearness  in  the  presentation  of  the  results  of  the 
experiments  along  this  line  the  increased  rates  will  be  divided  into 
two  classes : — 
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1.  Those  iDcrements  in  the  rate  of  filtration  where  the  increase 
has  for  its  initial  point  the  rate  at  which  the  filter  is  normally 
operated. 

2.  Those  increments  in  the  rate  of  filtration  (following  a  decrease) 
where  the  increased  rate  does  not  exceed  the  normal. 

Considerable  evidence  upon  the  first  problem  was  accumulated 
daring  1893,  and  a  discussion  of  this  portion  of  the  subject  will 
be  presented  first. 

Increases  in  Rate  above  the  JformaL  —  During  1893  there  were 
numerous  instances  where  the  rate  of  filtration  of  the  filters  was 
increased  above  that  which  was  normal  at  the  time  of  change ,  and  in 
a^  majority  of  cases  this  treatment  was  followed  by  an  increase  in  the 
number  of  bacteria  in  the  effluent,  as  was  noted  in  the  annual  report 
for  that  year.  In  1894  the  prescribed  rates  of  filtration,  as  a  general 
rale,  for  those  filters  which  have  received  river  water  from  the  canal 
have  been  regularly  maintained  as  accurately  as  possible,  and  no 
permanent  increases  in  the  rates  have  been  made  except  in  the  case 
of  Filters  Nos.  3B  and  8  A.  The  rates  of  filtration,  however,  of  a 
majority  of  the  small  twenty-inch  filters  have  been  temporarily  in- 
creased, with  results  which  are  given  after  the  following  account  of 
Filters  Nos.  3  B  and  8  A. 

On  July  20, 1894,  when  Filters  Nos.  3B  and  8  A  had  been  in  con- 
stant service  for  about  ten  months,  the  rate  of  filtration  in  each  case 
was  increased  from  2,000,000  to  5,000,000  gallons  per  acre  daily. 
This  treatment  caused  a  marked  increase  in  the  number  of  bacteria 
in  both  effluents  for  several  days,  as  is  shown  by  the  following  table :  — 


Average  Daily  Results  of  the  Determination  of  the  Number  of  Bacteria  per  Cubic 
Centimeter  in  Effluents  of  Filters  Nos,  3  B  and  8  A,  arranged  to  show  the 
Effect  of  Increase  in  Bate  of  Filtration, 


Datb. 

Applied 

Ktver 

Water. 

EFrLUBKT  or  FlL- 

TKBS  KOS.  <- 

Datb. 

Water. 

ElPLUBNT  09  FlL- 
TKK8  NO0.  — 

8B. 

8  A. 

8B. 

8  A. 

1M4. 

July  10,        .       . 

17,  .       . 

18,  .       . 

19,  .       . 

20,  .       . 

21,  .       . 

1,800 
2,600 
7,600 
8,000 
7.000 
8,800 

62 
44 

68 

42 

08 

782 

8 
16 

0 

12 

68 

1,281 

1M4. 

July  22, 

28,       .       . 
24,       .       . 
26,       .       . 

26.  .       . 

27,  .       . 

1,800 
8,400 
8,800 
8,700 
4,600 

643 

378 
80 

114 
61 

078 

1,800 

102 

168 

27 
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Concerning  the  above  resnlts  there  are  two  features  which  are 
worthy  of  note.  The  samples  of  effluents  represented  by  the  results 
of  July  20  were  collected  after  the  increase  was  made  in  the  rate  of 
filtration,  but  before  the  effluent  pipe  contained  water  which  had 
passed  through  the  upper  portion  of  the  filter  at  the  increased  rate. 
Instances  of  a  somewhat  similar  nature  have  been  repeatedly  ob- 
served, all  of  which  go  to  show  that  it  is  the  upper  portion  of  a  filter 
upon  which  its  efficiency  in  the  removal  of  bacteria  chiefly  depends. 

Filter  No.  8  A  was  scraped  on  July  24,  and  was  put  in  operation 
directly  after  filling  with  river  water  from  the  top.  Unusually  high 
numbers  of  bacteria  in  the  effluent  followed  this  treatment.  These 
results  are  chiefly  instructive  as  an  unusual  illustration  of  diminished 
bacterial  efficiency,  owing  to  abnormal  conditions,  but  which  maybe 
avoided  by  proper  management,  as  will  be  observed  from  the  discus- 
sion beyond. 

In  the  next  table  is  presented  a  summary  of  the  results  obtained 
from  increasing  temporarily  (usually  about  six  hours)  the  rate  of 
filtration  of  a  majority  of  the  in-door  experimental  filters.  With- 
out going  into  details  concerning  the  several  filters,  the  history  and 
conditions  of  which  are  presented  beyond,  in  the  account  of  the  work 
of  the  filters  for  the  year  1894,  the  general  statement  may  be  made 
that  these  results  represent  a  wide  range  in  the  conditions  of  con- 
struction and  operation  of  filters  and  in  length  of  service. 

One  of  the  most  prominent  features  of  the  next  table  is  the  fact  that 
an  increase  from  2,200,000  to  5,000,000  gallons  per  acre  daily  in  the 
rate  of  filtration  of  Filter  No.  8  A  on  May  14  was  followed  by  a  very 
slight  change  in  the  bacterial  results,  when  compared  with  those  results 
obtained  from  a  corresponding  increase  in  the  rate  of  this  filter  on 
July  21,  as  has  just  been  described.  It  is  to  be  said,  however,  that 
on  May  14  the  rate  was  increased  late  in  the  afternoon,  and  no 
bacterial  samples  of  the  effluent  were  collected  until  the  next  morn- 
ing. A  question  mark  is  placed  after  these  results,  because  it  is 
possible  that  an  increase  in  the  number  of  bacteria  in  the  effluent 
occurred  before  the  collection  of  samples  was  begun.  Nevertheless, 
the  fact  remains  that,  if  there  was  an  increase  in  the  number  of 
bacteria  in  the  effluent  during  the  night  of  May  14,  the  efiect  of  the 
increased  rate  was  very  much  less  marked  than  was  the  case  on  the 
later  date. 

The  reason  of  the  discrepancy  in  the  results  obtained  from  appar- 
ently similar  experiments  upon  Filter  No.  8  A  in  May  and  July  is  not 
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fully  anderstood.  It  was  thought  at  first  that  there  might  have  been 
some  unknown  disturbance  of  the  surface  layer  on  July  21 ;  but 
careful  examination  of  the  notes  and  the  confirmatory  experience 
with  Filter  No.  3  B  caused  this  idea  to  be  dismissed. 

The  above  remarks  upon  the  variations  in  the  length  of  period 
during  which  the  increase  in  the  rate  of  filtration  influenced  the  bac- 
terial contents  of  the  effluents  lead  to  the  statement  that  in  the 
following  table  the  maximum  numbers  of  bacteria  after  a  change  in 
rate  correspond  to  only  a  comparatively  small  quantity  of  effluent. 
In  some  instances  the  increased  numbers  of  bacteria  were  found  in 
the  effluent  for  short  periods  of  less  than  one  hour.  This  period 
may  be  defined  approximately  as  the  time  when  the  water,  which 
was  held  in  the  pores  of  the  upper  portion  of  the  filter  at  the  time 
of  increase  in  the  rate,  reached  the  effluent  pipe.  This  fact  suggests, 
as  one  of  the  causes  of  the  increased  numbers  of  bacteria  in  the 
effluent,  a  detachment  of  bacteria  from  those  sand  grains  around  which 
they  are  grouped  in  the  largest  numbers.  Normal  bacterial  results 
were  obtained  in  all  cases  (except  Filters  Nos.  3  B  and  8  A  on  July 
21)  within  a  few  hours  after  the  change  was  made;  the  longest 
period  of  disturbance  was  about  twelve  hours. 

Summary  of  BctcteruU  Results^  to  show  the  Effect  oj  increasing  the  Bate  of 

Filtration  above  the  Normal. 
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It  was  also  found  that  increases  in  the  rate  of  filtration  of  50  per 
cent,  above  the  normal  usually  cause  increases  in  the  number  of 
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bacteria  in  the  effluent,  for  a  short  time,  of  two  to  seven  fold.  The 
bacterial  results  are  variable,  and  in  some  instances  the  increase  in 
numbers  has  been  less  than  is  indicated  to  be  the  case  by  the  gen- 
eral statement  made  above.  It  is  not  fully  understood  what  are  the 
factors,  and  their  significance,  which  are  to  be  considered  in  the 
explanation  of  these  observations.  At  present,  however,  the  two 
most  important  seem  to  be  coarseness  of  sand  and  length  of  period 
during  which  the  filters  have  I)een  in  service. 

The  results  from  Filters  Nos.  3B,  8A  and  33  A  indicate  that, 
with  increases  in  the  rate  of  more  than  50  per  cent,  above  the  nor- 
mal, there  is  more  likelihood  of  a  greater  increase  in  the  bacterial 
contents  of  the  effluent.  It  will  also  be  noted  that  increases  in  the 
rate  of  30  and  40  per  cent.,  respectively,  caused  well-marked  in- 
creases in  the  numbers  of  bacteria  in  the  effluents. 

With  regard  to  the  effect  of  smaller  increases  in  the  rate  (10  or 
20  per  cent.),  the  evidence  at  hand  is  not  sufllciently  complete  to 
warrant  a  final  conclusion.  It  is  probable,  however,  that  the  bac- 
terial results  would  be  affected  for  a  short  time  by  such  an  increase 
in  the  case  of  comparatively  new  filters  of  coarse  material.  But 
with  filters  under  normal  conditions  increased  numbers  of  bacteria 
in  the  effluents  have  not  been  found  after  such  increases  in  the  rate. 
It  may  be  stated  here  that  each  result  presented  in  the  last  table  is 
based  upon  from  ten  to  fifteen  bacterial  analyses.  If  a  greater  num- 
ber of  analyses  of  the  effluents  had  been  made  after  these  small  in- 
creases in  the  rate  took  place,  it  is  possible  that  increased  numbers  of 
bacteria  would  have  been  found ;  but  it  is  clear  that,  if  such  bacterial 
results  did  arise,  the  increases  in  numbers  must  have  been  very 
moderate  and  of  very  short  duration. 

Increases  in  Rate  below  the  Normal.  —  In  the  consideration  of  the 
effect  upon  bacterial  efficiency  of  increases  in  rate  of  filtration  below 
the  normal  (following  a  decrease) ,  the  first  point  that  suggests  itself 
is  the  increasing  rate  in  an  intermittent  filter  to  which  water  has  just 
been  applied  after  it  has  been  allowed  to  drain.  It  is  true  that 
higher  numbers  of  bacteria  have  been  repeatedly  found  in  the  efiSu- 
ent  of  some  intermittent  filters  during  the  portion  of  the  flow  which 
has  just  been  described.  A  careful  study  of  this  subject,  however, 
has  led  to  the  conclusion  that  such  bacterial  results  are  not  caused 
by  the  changes  in  rate,  but  arise  from  mechanical  disturbances  in  the 
upper  portion  of  the  main  body  of  the  material ;  and  under  some  cir. 
cumstances  these  disturbances  appear  at  the  same  time  as  the  change  in 
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rate.  This  conclusion  is  based  upon  the  results  of  numerous  experi- 
ments which  have  yielded  normal  bacterial  results  under  this  chang- 
ing rate,  but  in  the  absence  of  the  disturbing  influence  noted  above. 

The  eflect  upon  the  bacterial  efficiency  of  continuous  filters  of 
stopping  them  and  then  putting  them  in  operation  again  at  the  nor- 
mal rate  of  filtration,  has  l)een  investigated  in  the  case  of  several 
filters  with  different  conditions  of  construction  and  operation.  In 
some  instances  the  operation  of  the  filters  was  stopped  for  thirty  to 
forty  hours,  owing  to  the  water  having  been  shut  off  on  account  of 
repairs,  etc. ;  and  in  other  cases  the  length  of  period  during  which 
the  filters  were  out  of  action  was  only  a  few  minutes. 

Information  concerning  the  bacterial  results  which  follow  the  longer 
period  of  rest  has  been  obtained  from  about  thirty  sets  of  experi- 
ments. With  Filter  No.  8  A,  when  operated  at  a  rate  of  2,000,000 
gallons  per  acre  daily,  there  were  no  appreciable  bacterial  increases 
in  the  effluent  during  May  and  June,  upon  starting  the  filter  after 
a  period  of  rest.  During  the  rest  of  the  year,  higher  numbers  of 
bacteria  in  the  effluent  of  this  filter,  operated  at  a  5,000,000  gallon 
rate,  were  occasionally,  but  not  regularly,  found  under  these  cir- 
camstances.  When  such  bacterial  results  were  noted,  the  increases 
were  always  moderate,  as,  for  example,  from  14  to  40  per  cubic 
centimeter,  on  August  6,  and  from  43  to  110  per  cubic  centimeter  on 
September  10.  With  filters  of  fine  material,  such  as  No.  33  A, 
DO  increase  in  the  number  of  bacteria  under  these  conditions  has 
ever  been  observed.  With  the  small  filters  of  coarser  materials,  the 
effluents  on  August  6,  about  two  weeks  after  the  filters  had  been  put 
in  operation  for  the  year,  and  when  they  resembled  new  filters, 
showed  marked  increases  in  their  bacterial  contents  when  they  were 
started  after  a  rest  of  sixty  hours.  Actual  changes  in  the  number  of 
bacteria  per  cubic  centimeter  in  the  effluents  were  as  follows  :  from 
12  to  238,  Filter  No.  43 ;  from  10  to  150,  Filter  No.  44;  and  from 
700  to  4,600,  Filter  No.  50  (new).  It  is  instructive  to  note  that  on 
November  5,  when  the  filters  had  in  all  cases  been  in  regular  service 
for  at  least  three  and  one-half  months,  there  were  no  such  increases, 
as  noted  above,  in  the  bacterial  contents  of  any  of  the  effluents  when 
the  filters  were  put  in  operation,  after  a  rest  of  thirty-six  hours. 
The  size  of  sand  grains,  rate  of  filtration,  etc.,  had  far  less  influence 
than  in  August.  There  was  an  increase,  however,  in  some  cases  in 
the  number  of  bacteria  in  the  effluents,  equal  on  an  average  of  from 
22  to  46  per  cubic  centimeter. 
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In  the  table  beyond  there  are  recorded  some  interesting  results 
obtained  from  the  various  filters,  with  regard  to  the  effect  upon 
bacterial  efficiency  of  lowering  the  rate  of  filtration  for  one  to 
three  hours  and  then  quickly  restoring  it  to  the  normal.  As  is  the 
case  with  the  table  on  page  613,  the  numbers  of  bacteria  per  cubic 
centimeter  in  the  efHuents,  liefore  the  changes  were  made,  are  given, 
together  with  the  maximum  number  found  after  the  change.  It  may 
be  further  stated  here  that  each  set  of  results  in  the  next  table  rep- 
resents from  ten  to  twenty  bacterial  analyses  of  the  efiluent,  a 
majority  of  which  were  made  of  samples  collected  at  al>out  the 
time  when  the  water  which  was  in  the  upper  portion  of  the  filter 
when  the  rate  was  restored  to  the  normal  passed  through  the  outlet 
pipe. 

From  these  results,  obtained  under  the  given  conditions,  it  is 
clear  that  practically  no  effect  upon  the  bacterial  efficiency  was  pro- 
duced by  the  given  changes  in  rate  of  filtration,  except  in  the  case 
of  the  comparatively  new  Filter  No.  50  of  coarse  material.  With 
this  filter,  furthermore,  when  the  rate  of  filtration  was  fluctuated 
from  1,000,000  to  5,000,000  gallons  per  acre  daily,  the  abnormal 
bacterial  results  were  obtained  for  only  about  an  hour,  at  the  time 
specified  in  the  above  paragraph. 


Summary  of  Bacterial  Results  to  show  the  Effect  of  increasing,  after  decreasing 

the  Rate  of  FiUration  below  the  Normal. 
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Owing  to  the  temporary  nature  of  the  increase  in  the  number 
of  bacteria  in  the  effluent  of  Filter  No.  50  on  October  6,  it  is  worth 
while  to  present  the  individual  results  of  that  experiment.  The  rate 
of  filtration  was  lowered  from  5,000,000  to  1,000,000  gallons  per 
acre  daily  from  9.15  a.m.  to  12.10  p.m.  The  applied  river  water 
contained  on  an  average  69,000  bacteria  per  cubic  centimeter; 
in  addition  to  these  ordinary  water  bacteria,  B.  prodigiosus  was 
added  in  the  proportion  of  3,800  per  cubic  centimeter  of  applied 
water,  when  the  filter  was  operated  at  the  higher  rate.  At  the 
lower  rate  the  number  of  applied  B,  prodigiosus  was  five  times  as 
great. 

From  the  results  of  analyses  presented  in  the  next  table,  it  is  seen 
that  the  sample  collected  at  3  p.m.  was  the  only  one  which  showed 
abnormal  bacterial  contents  of  the  effluent.  In  the  consideration  of 
the  B,  prodigiosus  results  in  the  samples  collected  at  4,  5  and  6  p.m., 
respectively,  it  is  to  be  mentioned  that  they  correspond  to  the 
portion  of  applied  water  which  received  five  times  the  usual  dose  of 
these  germs.     For  this  reason,  then,  these  results  are  fairly  normal. 


Number  of  Bcieteria  per  Cubic  Ceniimeier  in  the  Effluent  of  Filter  No.  50,  at 

Different  Rales  of  FiUralion,  Oct.  6, 1894. 
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This  experiment  was  one  of  the  first  of  its  kind  to  be  made,  and 
subsequently  more  samples  were  collected  in  each  case,  at  times 
corresponding  to  the  period  between  2  and  4  p.m.  in  the  above  tabic. 
Samples  were  collected  at  intervals  of  fifteen  minutes  on  October  1 1 , 
when  this  experiment  upon  Filter  No.  50  was  repeated. 

The  results  of  bacterial  analyses  of  the  second  set  of  samples 
showed  that  with  the  given  conditions  abnormal  bacterial  efiSciency 
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was  obtained  for  about  one  hour.  From  the  ^<  prodigiosus  "  results 
it  appears  that  the  bacterial  purification  was  somewhat  similarly 
affected.  The  prodigiosus  results  are  not  tabulated,  because  com- 
plications were  unintentionally  introduced  with  regard  to  the  uniform 
application  of  this  germ  in  a  definite  proportion.  Nevertheless,  the 
results  from  the  application  of  this  germ  have  been  of  value  in  a 
general  way  in  throwing  light  upon  the  problem  in  question. 

General  Conclusions  as  to  the  Relation  between  Hygienic  Efficiency 

and  Rate  of  Filtration. 

It  is  plain,  in  the  light  of  the  evidence  presented  in  the  foregoing 
pages,  that  the  rate  of  filtration  under  the  conditions  at  Lawrence 
is  a  less  prominent  factor  in  the  removal  of  bacteria  by  filters  which 
have  been  regularly  in  operation  for  some  time  than  was  formerly 
supposed  to  be  the  case.  Among  the  reasons  for  this  it  may  be 
mentioned  that  a  majority  of  experimental  investigations  upon  this 
point  have  been  made  with  filters  which  have  been  in  service  only 
for  a  comparatively  short  time. 

From  a  practical  point  of  view  it  is  desired  at  this  time  to  call 
attention  to  two  important  points,  as  follows :  — 

1.  With  properly  constructed  filters  which  are  carefully  operated 
at  a  uniform  moderate  rate  of  filtration  (not  over  5,000,000  gallons 
per  {icre  daily)  and  with  the  Merrimack  Kiver  water  satisfactory 
hygienic  results  may  be  regularly  obtained. 

2.  But  with  filters  which  are  so  constructed  and  so  operated  that 
a  portion  of  the  filtering  area  yields  an  effluent  at  a  rate  several  times 
in  excess  of  the  average  rate,  and  with  a  corresponding  portion  of 
the  area  filtering  at  a  rate  much  lower  than  the  average,  it  is  improb- 
able that  filters  under  such  circumstances  can  be  uniformly  relied 
upon  to  furnish  satisfactory  hygienic  results. 

Economy  of  High  Rates  of  Filtration. 

The  question  of  the  cost  of  a  plant  for  the  filtration  of  a  public 
water  supply  involves  two  principal  items,  as  follows  :  the  cost  of  con- 
struction, including  provisions  for  the  interest  on  the  capital  invested 
and  for  sinking  funds,  and  the  cost  of  actual  operation.  In  the  lat- 
ter class  of  expense  the  chief  factor  is  the  removal  of  the  clogging, 
caused  largely  by  the  accumulation  of  suspended  matters  at  the 
surface  of  the  sand.     Under  ordinary  circumstances  this  is  best  done 
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by  scraping  off,  as  occasion  demands,  the  apper  layer  of  clogged 
material,  and  its  subsequent  replacement  with  clean  sand. 

It  is  very  evident  that  higher  rates  of  filtration  mean  a  redaction 
in  the  first  cost  of  a  plant,  and,  accordingly,  in  the  subsequent 
annual  expense  of  interest  and  sinking  funds.  With  regard  to  the 
removal  of  clogging,  however,  higher  rates  do  not  mean  a  reduction 
of  cost,  because  it  has  been  Jearned  that  the  amount  of  clogged  sand 
removed  per  1,000,000  gallons  of  efiluent  is  practically  independent 
of  the  rate  of  filtration,  other  conditions  being  equal  (see  1892  re- 
port, page  463). 

The  economy  of  higher  rates  of  filtration,  therefore,  varies  with 
local  conditions,  according  to  the  relative  sizes  of  the  two  principal 
items  of  expense,  as  noted  and  discussed  above.  No  attempt  will  be 
made  to  discuss  the  details  of  cost,  but  it  may  be  stated  that,  in  the 
light  of  our  present  knowledge,  obtained  from  numerous  and  long- 
continued  experiments,  the  cost  of  rendering  by  filtration  a  polluted 
water  supply  safe  for  drinking  purposes  is  considerably  less  than 
was  formerly  supposed  to  be  the  case. 


The  Kftect  op  Different  Methods  for  the  Removal  of  Clog- 
ging OF  Filters  ufon  Their  Bacterial  Efficiency. 

From  the  discussion  of  the  last  topic  it  is  clear  that  the  principal 
factor  of  expense  in  the  actual  operation  of  a  filter  is  the  removal 
from  time  to  time  of  a  clogged  layer  of  surface  sand.  This  subject  is 
one  of  prime  importance  from  a  hygienic  point  of  view,  because 
it  appears  from  the  results  of  a  portion  of  our  experiments,  and  from 
European  experience,  that  this  process  may  cause  a  diminution 
in  the  power  of  the  filter  to  remove  bacteria. 

The  average  bacterial  results  which  have  been  obtained  during  the 
past  year,  just  after  the  removal  of  clogging  at  the  surface  of  filters, 
show  that  there  has  been  an  increase  in  the  numbers  of  bacteria  in 
the  effluents,  as  was  the  case  under  similar  circumstances  in  1892 
and  1893.  It  will  be  recalled  that  in  1893  in  about  half  of  the 
cases  of  the  removal  of  clogging  by  scraping  ofi"  the  surface  layer, 
there  was  no  appreciable  diminution  in  the  bacterial  efficiency  of 
the  filter,  following  this  treatment.  Again,  it  may  be  stated  that 
about  half  of  the  cases  of  removal  of  clogging  in  1894  have  been 
followed  by  practically  no  change  in  the  baeterial  contents  of  the 
effluents. 
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When  we  consider  the  reason  of  the  difference  in  the  results  of  this 
treatment  of  filters,  we  find  that  it  is  necessary  to  make  a  detailed 
analytical  study  of  the  conditions  under  which  the  treatment  was 
carried  out.  The  most  prominent  factors  have  been  found  to  be  the 
depth  of  clogged  sand  removed  from  the  surface  and  the  manipulation 
of  the  filter,  when  it  is  first  put  in  operation  after  draining  and  scrap- 
ing, with  regard  to  the  mechanical  disturbance  of  the  main  body  of 
the  filtering  material. 

A  discussion  of  these  two  factors  is  presented  beyond ;  but  before 
this  is  touched  upon  it  remains  to  be  pointed  out  clearly  that  the 
repeated  absence  of  abnormal  bacterial  results  after  scraping  the 
surface  of  a  filter  is  a  fact  of  much  significance.  Indeed,  it  is  one 
of  the  most  marked  features  of  the  Lawrence  results,  as  compared 
with  those  of  European  investigations. 

Owing  to  the  fact  that  much  of  the  available  evidence  has  been 
obtained  from  experimental  filters  under  conditions  which  perhaps 
may  not  be  found  in  all  cases  to  be  feasible  in  actual  practice,  the 
significance  of  the  above-mentioned  experience  is  less  from  a  prac- 
tical than  from  a  theoretical  point  of  view.  Its  theoretical  impor- 
tance, however,  is  fundamental,  because  it  shows  the  inadequacy  of 
the  theory  which  has  been  generally  held  in  Germany  during  the 
past  six  or  seven  years,  in  explanation  of  the  way  in  which  sand 
filters  accomplish  the  removal  of  bacteria  from  water. 

Fallacy  of  the  Theory  which  regards  the  Sticky  Coating  of  tJie 
Surface  Layer  (Schmutzdecke)  of  Filters  as  Indispensable  lo 
Satisfactory  Removal  of  Bacteria. 

In  1887  the  theory  was  advanced  at  Berlin,  based  upon  studies  of 
the  Berlin  filters  by  Pief ke,  Flugge  and  Proskauer,  that  the  dirty 
layer  on  the  surface  of  the  sand  is  essential  in  order  to  obtain 
satisfactory  bacterial  results.  This  theory  has  met  the  general 
acceptance  of  Koch,  Frsenkel,  Bertschinger  and  other  European 
investigators.  A  majority  of  the  writers  upon  this  subject  ai-e 
inclined  to  regard  the  whole  body  of  sand  as  serving  for  the  most 
part  as  an  under-drain  and  support  for  the  surface  film,  although  most 
of  them  consider  that  the  main  body  of  sand  has  a  steadying  influence 
upon  the  process  of  filtration  during  times  of  abnormal  conditions. 

With  regard  to  the  Lawrence  experience  it  may  be  said  that  the 
abovo-montioned  surface  film  removes  more  bacteria  in  proportion 
to  its  thickness  than  any  other  layer  in  the  filter.     Yet,  as  was 
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pointed  out  in  the  aoDual  report  of  the  Board  for  the  year  1891, 
page  607,  it  exerts  very  little  iDflueDce  upoD  the  results  of  filtration 
in  many  cases,  for  the  reason  that  filters  under  normal  conditions 
will  remove  the  bacteria  in  the  absence  of  such  a  surface  coating. 
Abundant  proof  that  the  surface  film  is  not  indispensable  has  been 
obtained  from  several  lines  of  observation,  as  follows  :  — 

1.  The  most  striking  and  convincing  proof  that  the  surface  film 
is  not  necessary  is  found  in  the  case  of  intermittent  filters,  the 
surfaces  of  which  are  allowed  to  uncover  and  to  be  exposed  dur- 
ing the  day  to  the  action  of  light  and  the  direct  rays  of  the  sun. 
Under  these  circumstances  the  surface  film  has  repeatedly  been 
observed  to  dry,  crack  and  peel,  leaving  considerable  portions  of 
the  surface  uncovered  by  the  coating  characteristic  of  continuous 
filters.  During  the  several  years  in  which  these  investigations  have 
been  carried  on  repeated  instances  have  been  noted  where  parts  of 
the  surface  films  of  intermittent  filters  have  floated  upon  the  surface 
of  the  water  after  the  resumption  of  filtration  following  a  period  of 
draining  and  of  rest.  Yet  in  the  case  of  many  intermittent  water 
filters  which  have  been  carefully  operated,  numerous  and  repeated 
bacterial  analyses  have  failed  to  reveal  any  appreciable  increase  in 
the  numbers  of  bacteria  in  the  effluents. 

8.  In  the  course  of  our  studies  of  continuous  filters  of  fine  or 
medium-fine  sand  at  times  of  clogging  it  has  been  noted  in  more 
than  one  hundred  instances  that  it  is  possible  under  certain  conditions 
to  scrape  off  the  upper  layers  of  the  filters  to  a  depth  of  0.10-0.30 
inch  without  causing  a  diminution  in  the  bacterial  efficiency.  So 
far  as  practical  results  on  a  large  scale  are  concerned,  the  objection 
may  be  raised  that  the  given  conditions  were  impracticable  or  even 
impossible  to  adopt.  It  is  not  our  purpose  at  this  point  to  discuss 
practicability,  but  rather  to  insist,  for  the  sake  of  establishing  cor- 
rectly the  fundamental  principles  of  filtration,  that  conditions  do 
exist  whereby  normal  and  very  satisfactory  removal  of  bacteria  may 
be  obtained  when  a  coating  over  the  surface  sand  is  practically  if  not 
completely  absent. 

3.  Another  line  of  evidence,  which  bears  directly  upon  the  point 
in  question,  is  furnished  by  the  observations  from  several  of  the 
filters  of  Qoarser  material  that  they  did  not  give  the  normal  bacterial 
results,  which  were  subsequently  obtained,  during  the  first  months 
of  their  operation,  even  when  the  surface  coating  was  thick  enough 
to  completely  clog  the  filters. 
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4.  From  studies  of  the  resalts  of  analyses  of  sand  samples  taken 
at  different  depths  from  the  several  filters  it  has  been  learned  that  the 
amount  of  organic  matter  found  at  1  inch  below  the  surface  ranged 
from  20  to  50  per  cent,  of  that  in  the  clogged  surface  layers,  \  inch 
in  depth.  In  the  case  of  Filter  No.  18  A,  which  has  been  in  opera- 
tion for  five  years,  the  amount  of  organic  matter  at  a  depth  of  3 
inches  was  also  about  50  per  cent,  of  that  at  the  surface.  These 
chemical  results,  together  with  the  results  of  bacterial  analyses, 
have  a  direct  bearing  in  this  connection,  because  of  the  important 
part  played  in  filtration  by  the  organic  films  arranged  around  those 
sand  grains  situated  beneath  the  surface,  as  has  already  been  referred 
to  on  page  592. 

Bearing  in  mind  the  facts  set  forth  in  the  four  preceding  para- 
graphs, the  significance  of  the  opening  remarks  under  this  chapter 
on  the  removal  of  clogging  of  filters  becomes  clearer,  and  it  is  plain 
that  a  discussion  from  a  practical  point  of  view  of  the  influence  upon 
bacterial  efficiency  of  the  removal  of  clogging  consists  principally 
of  a  consideration  of  the  two  chief  factors,  as  follows :  — 

1.  The  depth  of  material  which  is  removed  from  the  surface  by 
scraping. 

2.  The  mechanical  disturbance  of  the  main  body  of  sand,  causing 
to  a  greater  or  less  degree  a  separation  from  each  other  of  the  grains 
with  their  coatings,  and  which  may  be  brought  about  either  in  the 
process  of  scraping  or  in  the  subsequent  process  of  refilling  the 
filter  and  putting  it  in  operation. 

Suggestions  based  on  our  experience  for  overcoming  the  latter 
difficulty  are  also  offered  as  a  part  of  the  discussion. 

Before  passing  from  the  theoretical  to  the  practical  side  of  this 
question,  it  is  instructive  to  note  that  Reinsch,*  in  his  studies  of  the 
Altona  filters  since  the  prevalence  of  cholera  in  that  immediate 
vicinity,  states  that  too  much  significance  to  the  surface  coating  has 
been  given  by  earlier  German  investigators.  This  confirmation  of 
our  experience,  first  stated  in  the  report  of  the  Board  for  1891,  is 
of  interest,  because,  so  far  as  our  knowledge  goes,  it  is  the  first  one 
coming  from  Germany. 

*  Retasch.    Die  Bakteriologie  im  Dienste  der  SandflltnUionstechnick.    Ceniralblattfnr  Bak 
teriologie  und  ParatUenkunde.    Band  XVI.,  page  881.    Not.  27, 1894. 
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The  Effect  of  the  Removal  of  Different  Depths  of  the  Surface  Layers 

of  Filters  upon  Bacterial  Efficiency . 

The  surfaces  of  the  filters  have  been  scraped  one  hundred  and 
twenty-five  times  during  the  past  year  to  relieve  clogging.  With 
tbe  view  to  learn  the  nature  of  the  results  which  would  be  obtained 
under  a  wider  range  of  conditions,  the  filters  have  been  scraped  pur- 
posely in  numerous  instances  to  greater  depths  than  was  the  case  dur- 
ing former  years.  For  this  reason,  and  the  fact  that  the  filters  have 
not  been  operated  in  a  uniform  manner  just  after  the  surfaces  have 
been  scraped,  the  task  of  summarizing  the  results  showing  the  in- 
fluence of  scraping  upon  the  bacterial  contents  of  the  effluents  becomes 
a  somewhat  difficult  one.  The  following  statements,  however,  will 
serve  to  convey  a  general  idea  of  the  results  in  question. 

Of  tbe  one  hundred  and  twenty-five  scrapings  there  was  no  appre- 
ciable effect  upon  the  bacterial  contents  of  the  effluents  in  fifty-six 
cases ;  in  twenty-five  cases  there  was  a  slight  but  noticeable  increase 
in  the  numbers  of  bacteria  in  the  effluent,  but  as  a  general  rule  the 
numbers  in  no  case  exceeded  one  hundred  per  cubic  centimeter ;  and 
in  the  remaining  forty-four  instances  the  increase  in  the  numbers  of 
bacteria  in  the  effluents  after  scraping  was  marked,  and  the  numbers 
exceeded  one  hundred  per  cubic  centimeter. 

The  next  table  contains  a  summary  of  results  arranged  to  show  the 
influence  exerted  by  the  depth  of  material  removed  from  each  filter 
at  the  several  scrapings.  As  a  matter  of  convenience,  the  depths  are 
divided  into  six  classes.  The  bacterial  results  themselves  are  classi- 
fied after  the  methods  adopted  in  the  preceding  paragraph,  and  are 
designated  as  A,  B  and  C,  respectively.  That  is  to  say.  Class  A 
means  that  there  has  been  no  appreciable  eflTect  upon  the  bacterial 
efficiency  ;  to  Class  B  belong  those  results  in  which  there  has  been  a 
distinct  increase  in  the  numj[)ers  of  the  bacteria  in  the  effluent  but  in 
which  the  numbers  seldom,  if  ever,  exceeded  one  hundred  per  cubic 
centimeter ;  and  by  Class  C  it  is  to  be  understood  that  the  bacterial 
increases  in  the  effluents  have  been  marked,  and  have  repeatedly 
exceeded  the  above-mentioned  limit. 
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NotwithstaDding  the  fact  that  the  data  in  the  last  table  are  com- 
plicated by  varying  conditions  at  the  time  of  treatment  to  relieve 
clogging,  the  above  results  are  sufficient  to  indicate  clearly  that 
within  certain  limits  the  effect  of  scraping  upon^  bacterial  efficiency 
becomes  more  marked  as  the  depth  increases.  Until  the  scraping 
reaches  a  depth  of  about  I  inch  the  evidence  at  hand  goes  to  show 
that  the  influence  of  depth  of  removal  is  comparatively  slight  and 
may  be  almost  completely  disguised  by  other  factors  and  conditions. 
With  depths  of  more  than  1  inch  the  influence  of  the  removal  of 
upper  layers  of  the  Alter  upon  the  bacterial  contents  of  the  eflluent 
is  almost  uniformly  a  marked  one. 

The  best  method  which  has  been  found  to  reduce  to  a  minimum  a 
diminution  in  bacterial  efficiency  at  the  time  of  scraping  is  outlined 
beyond.  At  this  time  it  remains  to  be  pointed  out  that  as  the  depth 
of  material  removed  increases,  not  only  do  the  numbers  of  bacteria 
in  the  effluent  increase  but  the  period  of  lessened  efficiency  also 
becomes  longer. 

In  a  majority  of  instances  the  results  in  the  preceding  table  are 
averages  of  two  to  four  bacterial  analyses  made  at  times  when  the 
first  portion  of  crude  river  water,  which  was  applied  to  the  filter  after 
scraping  of  the  surface,  reached  the  effluent  pipe.  In  passing  it  may 
be  noted  that  this  period  has  been  found  as  a  general  rule  to  be  one 
when  diminished  bacterial  efficiency  after  scraping  is  most  marked. 
With  the  view  to  learn  more  accurately  the  behavior  of  the  filters 
under  this  treatment,  twenty-eight  series  of  analyses  of  from  five  to 
fifteen  samples  each  have  been  made. 

There  are  presented  in  the  next  table  the  results  from  ten  of  the 
above-mentioned  series  of  analyses.  It  is  instructive  to  note  that 
in  some  instances  there  is  no  evidence  at  all  of  diminution  in  the 
efficiency  of  the  filters  to  remove  bacteria.  Where  there  was  a 
decrease  in  bacterial  efficiency  it  is  seen  that  in  some  instances  the 
decrease  was  found  to  last  for  only  a  very  few  hours  ;  while  in  other 
and  more  marked  cases  the  diminution  continued  for  several  days, 
as  referred  to  above.  The  number  of  bacteria  in  the  applied  river 
water  refers  to  the  date  on  which  the  scraping  took  place. 
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The  effect  of  scraping  will  be  further  discussed  beyond.  As  it  is 
next  desired  to  present  the  accumulated  evidence  upon  the  effect  of 
raking  the  surfaces  of  water  filters,  this  topic  will  be  dismissed  for 
the  present  with  the  statement,  which  is  made  plain  by  the  last  table, 
that  in  studying  the  effect  of  scraping  upon  bacterial  efficiency  the 
question  of  conditions  under  which  the  treatment  is  made  is  a  matter 
of  prime  importance. 

T'he  Effect  upon  Bacterial  Efficiency  of  Raking  the  Surfaces  of  Fil- 
ters to  a  Depth  of  about  1  Inch  to  relieve  Clogging. 

In  order  to  learn  whether  or  not  it  would  be  more  economical  to 
rake  the  surfaces  of  filters  when  clogged,  rather  than  to  uniformly 
scrape  them,  about  one-half  of  the  filters  have  been  subjected  to  the 
former  treatment  during  the  fall  months.  It  has  been  the  custom  to 
rake  the  surface,  whenever  it  is  clogged,  to  a  depth  of  about  1  inch  ; 
eventually  there  comes  a  time  of  course  when  the  upper  inch  con- 
tains so  much  sediment  and  stored  organic  matter  that  it  is  necessary 
to  remove  it  by  scraping,  as  in  the  case  of  sewage  filters.  At  the 
oatset  of  this  special  experiment  it  was  thought  that  perhaps  this 
treatment  would  increase  the  yield  of  effluent  per  unit  volume  of 
sand  removed  from  the  surface.  The  reason  for  this  belief  lay  in  the 
fact  that  where  0.5  inch  or  so  is  removed  by  scraping  the  lower  por- 
tion of  the  removed  layer  contains  less  clogging  material  than  the 
upper  layer.  By  means  of  raking  it  was  thought  that  possibly  the 
entire  layer  to  be  removed  could  be  more  uniformly  clogged,  and 
thereby  the  cost  of  operation  of  the  filter  decreased. 

The  surfaces  of  the  filters  have  been  raked  seventy-five  times  to 
relieve  clogging  during  the  past  year.  In  thirty-three  cases  no  appre- 
ciable diminution  in  bacterial  efficiency  has  followed  this  treatment ; 
there  was  a  slight  decrease  in  the  power  of  removal  of  bacteria  by 
the  filters  in  twelve  cases,  but  in  practically  none  of  these  instances 
did  the  number  of  bacteria  exceed  one  hundred  per  cubic  centimeter ; 
but  in  the  remaining  thirty  cases  the  diminution  was  marked,  and 
exceeded  the  above-mentioned  limit  with  regard  to  numbers  of  bac- 
teria in  the  effluent. 

For  the  sake  of  convenience  in  presenting  a  more  detailed  state- 
ment in  tabular  form  of  the  bacterial  results  obtained  from  raking, 
the  same  classification  which  was  adopted  in  the  case  of  the  results 
from  scraping  is  used  in  the  following  table,  in  which  the  three 
grades  of  results  described  in  the  foregoing  paragraph  are  known  as 
A,  B  and  C,  respectively. 
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A  Summary  of  Results  showing  the  Effect  of  Raking  upon  the  Bacterial  Efficient k 

of  FiUcrs. 


NUMBKB  or  FiLTKR. 


Number  of 

Raklngs  One 

Inch  Ueep. 


A. 


B. 


C. 


3B.*  . 

7A,  . 

8A» 

18A,*  . 
33A, 

38.    .  . 

41,»  .  . 

42.  .  . 

43.  .  . 

44.  .  . 
45.*  .  . 
46,  .  . 
47.* .  . 

48.  .  . 

49.  .  . 
60.    . 

ToUls, 


18 
4 

11 
6 
0 
0 
0 

10 
8 
1 

15 
0 
2 
0 
0 
0 


76 


16 

1 

2 

- 

4 

4 

2 

- 

2 

I 

2 

- 

1 

- 

4 

6 

- 

1 

^ 

^ 

83 

12 

3 

4 


SO 


*  IntormlUent  filten. 


Comparison  of  the  available  resufts  from  raking  the  surfaces  of 
filters  to  a  depth  of  about  1  inch  to  relieve  clogging  with  those  from 
scraping  the  surfaces  to  an  average  depth  of  0.65  inch  shows  that 
there  is  substantially  no  difference  in  the  effect  upon  the  bacterial 
contents  of  the  effluents,  although  the  numbers  themselves  wheD 
precisely  considered  indicate  that  there  is  a  slight  advantage  in  favor 
of  scraping.  After  this  method  had  been  followed  for  some  time  it 
was  learned  that  the  economical  results  obtained  during  the  first  few 
weeks  of  application  would  not  continue,  because  it  became  necessary 
eventually  to  scrape  off  more  than  the  upper  inch  which  was  disturbed 
by  raking,  in  order  to  remove  the  clogged  layer  at  the  junction  of 
the  disturbed  and  undisturbed  layers.  From  a  hygienic  point  of 
view  this  treatment  was  unfortunate,  because  it  caused  a  marked 
diminution  in  bacterial  efficiency  at  the  time  of  scraping  to  a  depth 
of  more  than  1  inch.  It  is  possible  that  somewhat  better  results 
might  have  been  obtained  if  the  rakings  had  been  progressive,  that 
is  to  say,  if  the  surface  was  raked  about  0.5  inch  in  depth  the  first 
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time  and  a  little  deeper  on  each  subsequent  occasion.  But,  all  things 
considered,  the  treatment  of  clogged  surfaces  of  water  filters  by 
raking  does  not  appear  to  be  so  successful  as  by  scraping,  under  the 
conditions  which  exist  at  Lawrence. 


The  Effect  of  Spading  over  the  Surface  of  a  Filter  to  a  Depth  of  6 

Inches^  upon  Bacterial  Efficiency. 

On  November  28  the  surface  of  intermittent  Filter  No.  3  B  was 
spaded  over  to  a  depth  of  about  6  inches  for  experimental  purposes. 
The  diminution  which  it  caused  in  the  bacterial  efficiency  was  very 
marked,  and  continued  to  be  so  until  and  after  December  6,  when 
the  surface  became  clogged.  The  bacterial  results  were  so  abnormal 
that  for  the  period  November  28-December  6  they  are  presented  in 
the  next  table.  During  this  time  the  number  of  bacteria  in  the 
applied  river  water  averaged  about  12,000  per  cubic  centimeter. 
As  will  be  seen  in  the  more  complete  bacterial  tables  beyond,  it  was 
nearly  three  weeks  before  normal  results  were  obtained. 


Bacteria  per  Cubic  CerUimeier  in  Effluent  of  FtUer  No.  3  B. 


Datb. 

Hoar. 

Baeterte. 

Bamatki. 

1994. 

VoT.  28,  . 

8.00  a.m. 

IM 

Before  tpMllDg. 

28,. 
28,. 

12.80  P.M. 
2.00  P.M. 

1,680 
2,606 

Spftdfng  completed  and  water  applied  from  the  top  at 
10.60  ▲.X.    Uatlet  gale  waa  not  oloaed. 

28,.        . 

8.00  P.M. 

080 

28,.        . 

4.00  P.M. 

1,260 

28,.        , 

6.00  P  X. 

1,120 

80,.        . 

- 

1,800 

Thla  and  remalnlog  nnmbera  an  sreragea  of  four  analy. 

I/6C.     1,  • 

- 

785 

■00* 

2,.       . 

- 

- 

8,.        . 

- 

660 

4,.       . 

- 

846 

6..        . 

- 

8S0 

Sarfbce  elogged  again. 

In  this  connection  it  is  interesting  to  recall  that  the  disturbance 
to  a  depth  of  1  foot  in  the  case  of  Filters  Nos.  33  A  and  41  was  fol- 
lowed by  only  very  slight  and  temporary  increases  in  the  bacterial 
contents  of  the  effluents,  as  was  noted  in  the  1893  report,  page  466. 
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On  the  Most  Efficient  Method  of  Putting  Filters  in  Operation  afier 

Treatment  to  Relieve  Clogging. 

In  a  majority  of  cases  the  method  of  scrapiDg  the  small  con- 
tinuoas  experimental  filters,  as  was  noted  in  the  last  annual  repoit 
of  the  Board,  has  been  as  follows :  the  water  above  the  sand  has 
been  siphoned  off  and  the  filter  allowed  to  drain  until  the  water 
stood  about  an  inch  below  the  surface  of  the  sand.  The  outlet  has 
then  been  closed,  the  surface  scraped  and  water  slowly  applied 
from  the  top.  When  approximately  the  normal  depth  of  water 
covers  the  sand  the  outlet  gate  has  been  opened  so  that  the  filter 
should  yield  an  effluent  at  the  normal  rate  of  filtration. 

While  under  ordinary  circumstances  this  treatment  of  the  in-door 
experimental  filters  has  caused  no  marked  or  serious  change  in  the 
bacterial  contents  of  the  effluents,  it  is  an  altogether  different  matter 
to  relieve  clogging  in  a  safe  and  satisfactory  manner  in  the  case  of 
a  large  filter  in  actual  practice.  The  reason  of  this  difference  is  two- 
fold :  first,  because  it  is  necessary,  in  order  to  get  the  upper  layers 
of  the  filter  sufficiently  dry  to  walk  upon,  to  lower  the  water  to  a 
greater  depth  beneath  the  surface,  thereby  furnishing  an  opportunity 
for  mechanical  disturbance  of  the  main  body  of  the  filtering  material 
when  its  pores  are  again  filled  with  water ;  and,  second,  because  the 
depth  which  would  be  scraped  from  the  surface  of  a  large  filter  ap- 
pears to  be  greater  than  that  which  has  been  removed  with  a  trowel 
from  the  smaller  experimental  filters,  in  a  majority  of  instances. 

In  addition  to  the  comparison  of  conditions  in  the  case  of  the 
small  (in-door)  experimental  filters  and  of  large  filters  in  actual 
practice,  with  regard  to  the  problem  in  question,  it  may  be  stated 
here  that  there  would  be  a  wide  variance  in  the  conditions  of  filters 
in  actual  practice.  Prominent  among  these  varying  points  would  be 
the  construction  of  the  filter,  such  as  its  area,  and  the  size,  depth 
and  chemical  composition  of  its  material,  the  age  of  the  filter,  the 
rate  of  filtration,  the  composition  of  the  unfiltered  water  and  the 
temperature,  with  other  climatic  conditions.  AH  of  these  factors 
should  apparently  be  taken  into  consideration  in  deciding  upon  a 
definite  and  satisfactory  method  of  procedure. 

The  most  valuable  results  which  have  been  obtained  from  the  ex- 
perimental filters,  so  far  as  service  as  a  guide  for  the  treatment  of 
large  filters  at  the  time  of  scraping  is  concerned,  are  those  furnished 
by  Filter  No.  8  A,  constructed  in  September,  1898.     This  continuous 
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filter,  it  will  be  remembered,  is  about  17  feet  in  diameter,  and  is  placed 
out  of  doors,  without  protection  from  the  weather.  During  the  first 
half  of  the  past  year  the  rate  of  filtration  was  2,000,000  gallons  per 
acre  daily  and  for  the  balance  of  the  time  it  has  been  5,000,000 
gallons.  It  has  been  the  custom,  as  a  general  rule,  when  the  filter 
needed  scraping  to  shut  ofi^  the  river  water  at  the  top  in  the  early 
morning,  at  5  or  7  a.m.  The  water  would  drain  out  slowly  with 
the  outlet  gate  wide  open. 

Various  treatments,  from  this  step  to  the  end,  have  been  tried, 
and  the  following  has  been  found  to  be  the  most  satisfactory :  with 
'*  square-pointed"  shovels  the  upper  layer  to  a  depth  of  about  0.5 
inch  has  been  removed;  and  then,  in  order  to  level  the  surface  and 
remove  the  prints  of  the  boot-heels  of  the  workmen,  the  surface 
has  been  raked  to  a  depth  of  about  1  inch.  If  water  were  now 
applied  at  a  rapid  rate  either  from  the  bottom  or  to  the  top  of  the 
filter,  and  filtration  begun  as  soon  as  the  pores  were  filled,  there 
would  in  all  probability  be  quite  a  marked  diminution  in  the  bacterial 
efliciency. 

The  roost  successful  method  of  driving  the  air  from  the  pores 
without  disturbing  the  arrangement  of  the  main  body  of  filtering 
material  has  been  found  to  be  the  application  of  filtered  water  to  the 
bottom  of  the  filter  from  late  in  the  afternoon  until  the  next  morn- 
ing, or  at  a  rate  of  a  little  less  than  1,000,000  gallons  per  acre  daily. 
On  the  morning  after  scraping,  river  water  has  been  applied  at  the 
top  and  filtration  begun  at  the  normal  rate/  This  method  was 
recommended  in  the  1893  report,  and  has  been  used  with  very  satis- 
factory results,  under  the  existing  conditions,  during  the  past 
year. 

A  possible  objection  to  the  above  method  has  suggested  itself,  in 
that  exposure  of  the  surface  for  a  period  of  nearly  twenty-four  hours 
in  some  climates  and  under  some  conditions  might  be  a  disadvan- 
tage. With  this  view  it  may  be  added  that  after  scraping  the  sur- 
face of  Filter  No.  8  A  the  filter  in  some  instances  has  been  filled  with 
river  water  from  the  top  at  the  rate  of  about  3,000,000  gallons  per 
acre  daily.  The  outlet  is  kept  closed,  and  when  the  normal  depth 
of  water  is  on  the  filter  it  is  allowed  to  remain  in  this  condition  for 
about  twelve  hours.  This  method  has  also  been  found  to  be  satis- 
factory when  carefully  carried  out. 

In  a  certain  sense  the  application  of  water  to  the  top  of  a  filter 
with  a  closed  outlet  causes  it  to  fill  from  the  bottom  upward,  owing 
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to  the  lateral  and  upward  motion  which  the  water  possesses  of 
necessity  when  applied  to  one  place  on  the  surface  of  a  filter.  While 
this  method  has  been  found  to  be  satisfactory  with  a  water  contain- 
ing comparatively  little  suspended  matter,  it  might  not  be  the  case 
with  a  very  turbid  water,  owing  to  an  unequal  deposition  of  sedi- 
ment on  the  surface,  thereby  causing  an  irregular  rate  of  flow  through 
the  upper  surface  of  the  filtering  material. 

Limitation  to  the  Theory  that  the  Beneficial  Hesults  which  are 
obtained  from  allowing  Water  to  stand  on  the  Surface  after 
scraping  and  before  starting  are  largely  due  to  Deposition  of 
Suspended  Matter  on  the  Surface  of  the  Sand* 

From  experience  abroad  in  the  operation  of  large  filters  which 
receive  turbid  waters,  it  has  been  found  to  be  advantageous  to  allow 
the  crude  river  water  to  stand  for  some  hours  on  the  surface  of  a  filter 
just  after  it  has  been  scraped,  with  its  pores  filled  with  water,  and 
before  it  is  put  in  operation.  It  is  generally  understood  that  the 
reason  why  this  treatment  is  an  advantage  is  because  a  layer  of  sus- 
pended matter  is  formed  upon  the  surface  of  the  sand. 

Beneficial  results  from  allowing  Merrimack  River  water  to  stand 
on  the  surface  of  freshly  scraped  filters,  with  closed  outlets,  have 
been  noted.  The  special  point,  however,  to  which  it  is  desired  to 
call  attention  at  this  time  is  that  this  treatment  has  been  found  to  be 
advantageous  even  in  those  instances  when  the  Merrimack  River 
water  has  contained,  comparatively  speaking,  practically  no  sus- 
pended matter. 

The  Effect  of  Winter  Weather  upon  Bacterial  EFFiciENcnr. 

So  far  as  our  present  knowledge  goes  no  direct  influence  of  winter 
weather  upon  the  removal  of  bacteria  by  filtration  has  been  noted. 

It  is  true  that  in  several  instances  unsatisfactory  bacterial  results 
have  been  obtained  during  the  winter  months  from  Filters  Nos.  3  B 
and  8  A,  which  are  unprotected  from  the  weather.  In  all  cases  it  is 
believed  that  those  results  have  come  from  conditions  which  are  in- 
dependent of  the  season,  or  from  circumstances  which  have  aflfected 
the  results  indirectly  and  which  do  not  of  necessity  belong  to  the 
process  of  water  filtration.  Prominent  among  the  circumstances  in 
question  has  been  the  occasional  freezing  of  the  surface  of  intermit- 
tent Filter  No.  3  B  at  times  when  it  has  been  drained  in  order  to 
allow  the  pores  to  fill  with  air.     The  only  remaining  condition  lead- 
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ing  to  abnormal  bacterial  resalts  is  the  disarraDgemeDt  of  the  surface 
of  the  sand,  caused  by  the  removal  of  the  ice  from  the  surface  of  the 
water.  In  several  instances  the  broken  ice  has  unavoidably  ploughed 
the  surface  of  the  sand  and  caused  the  water  to  pass  through  the 
sand  at  unequal  rates  of  filtration. 

The  relation  of  the  small  in-door  experimental  filters  to  winter 
weather  has  already  been  fully  explained  on  page  579.  For  tem- 
peratures of  the  air  in  winter  and  the  local  precipitation  of  snow 
and  rain,  reference  is  made  to  the  tables  on  pages  526  and  457. 

The  Effect  of  Depths  of  Filtering  Material  upon  Bacterial 

Efficiency. 

The  results  obtained  during  1893  upon  this  point  showed  that, 
while  the  deepest  filters  were  most  efficient  in  the  removal  of  bac- 
teria, the  shallower  ones  were  fairly  satisfactory,  on  the  whole,  and 
very  efficient  under  favorable  conditions.  Particularly  instructive 
results  were  obtained  from  Filter  No.  39,  which  contained  above 
the  5  inches  of  under-drain  (stones,  gravel  and  coarse  sand)  only  1 
inch  of  filtering  material.  The  bacterial  contents  of  the  effluent  of 
this  filter  compared  favorably  with  those  from  5-foot  filters  when 
there  was  no  disturbance  of  the  shallow  filtering  layer;  when  there 
was  a  disturbance  the  diminution  in  bacterial  efficiency  was  very 
marked,  as  might  be  expected. 

At  this  time  it  is  interesting  to  compare  the  bacterial  results  from 
Filters  Nos.  38  and  42,  which  are  composed  of  the  same  material, 
and  which  are  20  and  10  inches  deep,  respectively.  These  filters 
were  operated,  as  described  beyond,  from  May  to  December  1,  at  a 
rate  of  filtration  equivalent  to  3,000,000  gallons  per  acre  daily. 
The  number  of  bacteria  in  the  applied  river  water  averaged  19,900 
per  cubic  centimeter,  while  the  average  numbers  of  bacteria  in  the 
effluents  of  the  two  filters  were  37  and  105,  respectively..  The 
usual  numbers  of  bacteria  obtained  under  normal  conditions  from 
these  filters  are  lower  and  more  nearly  equal,  as  will  be  noted  in  the 
tables  of  analyses  beyond,  and  the  significance  of  the  above  averages 
is  that  Filter  No.  42  felt  more  severely  the  efiect  of  disturbing  in- 
fluences which  were  also  more  numerous  than  in  the  case  of  Filter 
No.  38. 

Instructive  results  have  also  been  obtained  from  Filter  No.  46, 
which  contains  12  inches  in  depth  of  sand  of  an  effective  size  of  0.29 
millimeter  and  which  has  been  operated  at  a  rate  of  2,500,000  gal- 
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loDs  per  acre  daily.  The  average  numbers  of  bacteria  per  cubic 
ceDiimeter  in  the  applied  water  and  in  the  effluent  were  19,900  and 
75,  respectively.  The  latter  number  includes  some  abnormal  re- 
sults, but  fewer  than  in  the  case  of  either  Filter  No.  38  or  42. 

The  normal  removal  of  bacteria  by  Filter  No.  7  A,  2  feet  in  depth, 
compared  quite  favorably  on  the  whole  with  that  of  Filters  Nos.  3  B 
and  8  A,  which  are  constructed  of  5  feet  in  depth  of  the  same  mate- 
rial. The  age  of  the  filters,  rate  of  filtration  and  other  factors  dif- 
fered so  that  for  further  information  reference  is  made  to  the  detailed 
account  beyond  of  the  work  of  the  filters. 

As  the  evidence  now  stands  it  appears  that  filters  of  2  feet,  or 
even  1  foot,  in  depth  yield  practically  as  satisfactory  bacterial  re- 
sults as  do  deeper  filters,  provided  there  is  no  disturbing  influence. 
There  are  substantial  reasons  for  the  belief  that  these  are  not  neces- 
sarily a  part  of  the  process  of  filtration,  but  if  they  do  occur  their 
influence  upon  the  efficiency  of  filtration  is  not  only  more  marked 
but  also  of  longer  duration  in  the  case  of  filters  1  to  2  feet  deep  than 
with  deeper  filters. 

Owing  to  the  fact  that  shallow  filters  may  be  constructed  at  a  less 
cost  than  deep  ones  the  consideration  of  the  most  satisfactory  depth 
of  filteriog  materials  is  an  important  matter.  From  the  available 
evidence  it  is  questionable  whether  it  would  not  be  advisable  from 
all  points  of  view  to  construct  filters  say  3  feet  in  depth,  and,  from 
the  results  of  this  economy  in  construction,  devote  more  attention 
to  the  operation  of  the  filter  plant.  In  this  connection  it  should  be 
borne  in  mind  that  filters  of  5  feet  in  depth  as  well  as  those  3  feet 
deep  must  receive  intelligent  operation  and  careful  supervision  in 
order  that  they  may  produce  uniformly  satisfactory  results  from  a 
hygienic  point  of  view.  Final  discussion  upon  this  point  is  deferred 
until  more  evidence  is  available,  and  it  may  be  mentioned  that  this 
is  one  of  the  most  important  questions  to  be  investigated  here- 
after. 

Reason  why  Deep  Fillers  are  more  Uniformly  Efficient  than 

Shallow  Ones. 

This  question  has  received  considerable  attention  during  the  past 
year.  For  some  time  it  has  been  known  that  under  some  circuai- 
stances,  other  conditions  being  equal,  the  effluents  of  filters  from  1 
to  2  feet  deep  have  contained  as  little  organic  matter  and  as  much 
nitrogen   in  the  form  of  nitrates   as    effluents  from  deeper  filters. 
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This  has  not  been  found  to  be  so  under  all  conditions  of  the  Merri- 
mack River  water  at  all  seasons  of  the  year,  however,  although 
numerous  results  have  been  obtained  which  would  point  in  that 
direction.  Nevertheless,  comparative  study  of  tl^e  individual  results 
of  chemical  and  bacterial  analyses  of  eflSuents  appears  to  fail  to 
attribute  differences  in  bacterial  contents  of  effluents  of  filters  of  dif- 
ferent depths  to  differences  in  the  composition  of  the  effluents  them- 
selves. Further  investigations  upon  the  filtering  materials  themselves 
have  therefore  been  made  with  the  view  to  obtain  additional  light 
upon  this  problem. 

The  results  in  detail  of  chemical  and  bacterial  analyses  of  samples 
of  sand  taken  from  different  depths  of  the  various  filters  have  been 
presented  on  pages  601-604.  After  the  discussion  which  has  been 
given  on  the  effect  of  age  of  filters,  of  surface  coatings,  of  deep  scrap- 
ing and  raking  upon  bacterial  efficiency  it  is  hardly  necessary  at  this 
point  to  do  more  than  refer  to  the  importance  of  the  organic  matter 
which  is  arranged  as  films  around  the  sand  grains. 

In  order  to  show,  for  the  purpose  of  discussion  of  the  problem  in 
question,  the  amount  of  organic  matter  and  the  bacteria  found  in  the 
materials  of  filters  in  successful  operation  there  has  been  prepared 
the  following  table,  which  contains  the  average  results  from  ten 
five-foot  filters.  Of  this  number,  all  of  which  were  in  successful 
operation  when  examined,  four  have  been  intermittent  filters ;  the 
remainder  have  been  operated  continuously. 


Table  showing  the  Average  EemiUs  of  Chemical  and  B<icterial  Analyses  of  Sand 

from  Ten  FtUers,  Dec.  i,  1894. 


Dbfth  fbox  Surface 

(UCCUKS). 

Org  ftnlo  Kltrogen. 

PartSDf^r  100,000 

by  Weight  of 

Dry  ttand. 

Baetorla 
per  Oram. 

Depth  fbom  Suutacb 

(iMCilKa). 

Oigante  Nitrogen. 

Parts  per  100,000 

by  Weight  of 

Dry  Sand. 

Bacteria 
per  Uram. 

0-ii,       .       .      . 

1 

8.      .        .        -        . 

• 

M 

ao.o 

9.6 

e.4 

4.T 
4.0 

6,000,000 

1.040,000 

720.000 

800.000 

00,000 

24,     •        •        .        • 
86,    .        •        •        • 

48 

60 

S.8 
1.6 

i.a 

1.2 

47,000 
85.000 
20.000 
26.000 

Upon  examination  of  these  results  with  regard  to  their  relation  to 
the  influence  of  depth  of  material  upon  bacterial  efficiency  it  is  well  to 
remember  that  marked  increases  in  the  bacterial  contents  of  the  efflu- 
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ent occur  when  the  surfaces  are  scraped  to  a  depth  of  2  or  3  inches 
or  when  spaded  over  to  a  depth  of  6  inches,  as  in  the  case  of  Filter 
No.  3B  (seepage  629). 

This  table  shows  that  the  organic  matter  and  bacteria  are  highest 
in  the  portion  of  the  filter  where  the  greatest  amount  of  work  is 
done,  and  the  upper  foot  shows  evidence  of  having  done  by  far  the 
largest  amount  of  work.  The  next  two  feet  show  the  results  of 
operation  but  in  a  diminishing  degree. 

In  passing  it  may  be  stated  that  in  the  discussion  beyond  upon  the 
effect  of  method  of  application  of  water  on  chemical  purification 
evidence  will  be  found  that  it  is  in  the  upper  portion  of  the  filter  that 
nitrification  chiefly  occurs.  From  the  results  of  our  studies  of 
shallow  filters  there  is  reason  to  believe  that  the  composition  of  filters 
1,  2  or  3  feet  deep,  other  conditions  being  equal,  would  be  similar 
to  corresponding  upper  portions  of  5-foot  filters,  as  shown  in  the 
last  table. 

Let  us  turn  back  to  the  last  table  and  compare  the  amount  of 
organic  matter  stored  in  the  lower  portion  of  the  filters.  It  will  be 
remembered  that  the  amount  of  organic  matter  serves  to  indicate  the 
degree  to  which  gelatinous  films  are  arranged  around  the  grains; 
and  also  that  the  sand  contained  originally  a  somewhat  variable 
amount  of  organic  matter  which  averaged  about  0.85  part  per  100,- 
000  by  weight  of  dry  sand.  The  organic  matter  arranged  as  films 
around  the  grains  of  the  third  foot  of  material  from  the  top  is  seen  to 
be  much  in  excess  of  the  original  amount ;  the  fourth  foot  contains  a 
much  smaller  and  a  gradually  decreasing  amount ;  while  in  the  fifth 
foot  the  quantity  is  very  slightly  in  excess  of  that  originally  present 
and  there  is  as  much  at  the  bottom  as  at  the  top  of  this  section  of 
the  filters. 

The  evidence  at  hand  indicates  that  the  films  of  organic  matter 
arranged  around  the  grains  in  the  lower  portion  of  deep  filters  are 
an  important  factor  in  the  explanation  of  the  greater  and  more  uni- 
form efficiency  of  deep  filters  in  the  removal  of  bacteria.  It  is  possi- 
ble that  there  are  other  important  factors,  but  none  have  been  noted 
which  compare  in  importance  with  the  one  mentioned. 
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The    Effect  of  the  Amount  of  Loss   of  Head  upon    Bac- 
terial Efficiency. 

Id  the  last  report  it  was  stated  that,  contrary  to  some  European 
experience,  the  experimental  filters  at  Lawrence  under  ordinary 
conditions  show  no  diminution  in  the  removal  of  bacteria  when  the 
loss  of  head  of  measurement  of  the  frictional  resistance  to  the  pas- 
sage of  water  reaches  70  inches.  The  results  obtained  during  1894 
confirm  the  earlier  ones  and  make  it  plain  that  high  numbers  of  bac- 
teria in  the  efiluents  do  not  of  necessity  follow  high  losses  of  head. 
From  our  experience  with  water  filters  it  may  be  added  that  in  some 
cases  abnormal  bacterial  results  may  be  due  to  one  or  both  of  the 
following  causes :  — 

1.  To  unequal  rates  of  filtration  of  water  through  the  surface  of 
the  filtering  area.  This  state  of  affairs  could  be  caused  by  several 
conditions  and  would  probably  be  more  marked  with  a  turbid  than 
a  clear  water,  owing  to  the  unequal  deposition  of  sediment  upon  the 
surface  of  the  sand. 

2.  The  lack  of  oxygen  in  continuous  filters,  which  might  exhibit  a 
growth  of  bacteria  at  a  time  when  the  accumulation  of  organic  mat- 
ter at  the  surface  was  great  and  when  necessarily  the  loss  of  head 
was  also  great. 

Beginning  September  6  a  change  was  made  in  the  operation  of  the 
filters  by  which  the  maximum  loss  of  head  was  reduced  16  to  18 
inches.  In  the  case  of  5-foot  filters  this  means  that  the  maximum 
loss  of  head  was  reduced  from  70  or  72  inches  to  52  or  54  inches. 
The  reasons  why  this  experiment  was  undertaken  were  as  follows : 
from  the  description  and  results  of  the  operation  of  water  filters  in  this 
and  preceding  reports  it  is  plain  that  the  mechanical  disturbance  of 
the  main  body  of  filtering  material,  at  the  time  of  filling  filters  just 
after  scraping,  and  especially  in  the  case  of  intermittent  filters  just 
after  the  .period  of  draining  and  of  rest,  is  a  matter  which  must 
receive  careful  consideration  in  the  maintenance  of  uniform  bacterial 
efficiency.  It  was  thought  that  an  arrangement  of  the  trap  on  the 
outlet  pipe,  whereby  the  under-drains  and  the  lower  foot  of  filtering 
material  would  constantly  have  their  pores  filled  with  water,  might 
aid  in  maintaining  uniform  efficiency  by  keeping  the  lower  portion 
of  the  filter  comparatively  free  from  the  disturbances  noted. 

Before  the  experiment  was  undertaken  it  was  learned  by  actual 
experiment  that  nitrification  took  place  for  the  most  part  in  the 
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upper  portion  of  the  filteriug  material.  The  evidence  at  hand  also 
showed  that  the  loss  of  head  increased  very  quickly,  comparatively 
speaking,  from  55  to  70  inches,  and  that  the  total  yield  of  effluent 
between  scrapings  at  the  former  limit  (55  inches)  would  be  more 
than  90  per  cent,  of  that  of  the  latter. 

It  has  been  found  that  from  a  bacterial  point  of  view  the  large  fil- 
ters placed  out  of  doors  feel  the  effect  of  unequal  rates  of  filtration, 
due  to  the  presence  of  channels  in  the  sand,  more  than  is  the  case 
with  the  smaller  (20-inch)  filters.  Accordingly,  an  outline  of  the 
results  obtained  from  this  treatment  of  Filter  No.  3  B  will  be  given. 

On  September  6,  the  trap  on  the  outlet  of  intermittent  Filter  No. 
3  B  was  raised  so  that  the  lower  foot  of  sand  should  remain  satu- 
rated. The  rate  of  filtration  was  5,000,000  gallons  per  acre  daily, 
and  with  the  exception  of  the  higher  trap  no  change  in  the  method 
of  operation  was  made.  The  bacterial  results  seemed  to  indicate  that 
the  ability  to  remove  bacteria  was  somewhat  greater  after  this  change, 
especially  during  the  first  few  days  after  the  surface  of  the  filter  had 
been  scraped.  In  support  of  this  there  are  presented  in  the  follow- 
ing table  the  average  bacterial  results  by  weeks  for  the  four  weeks 
preceding  and  the  four  weeks  following  this  change  of  treatment. 


Table  showing  a  Comparison  of  Weekly  Averages  of  the  Number  of  Bacteria  per 
Cubic  Centimeter  in  Samples  taken  at  Different  Hours  of  the  Day  from  the 
Effluent  of  Intermiltent  Filter  No.  3  B. 

Aug,  13-Sept,  8,  1894. 


Wbsk  Ekdihq— 


Aag.  18,  . 
Ang.  2fi,  . 
Sept.  1,  . 
Sept.  8,  . 
Averages, 


Applied 
Wftter. 


11194. 


2,600 
4,700 
8.000 
4.000 


8,600 


Epplukkt. 


8  A.M. 


84 
66 
19 
61 


40 


12  X. 


49 
86 

86 
112 


68 


4.  r.K. 


S7 

ITS 

26 

68 


TO 


Sept.  lO'Oct.  6, 1894, 


Sept.  16,  . 
Sept.  22,  . 
Sept.  20,  . 
Oct.  6,  . 
Average!, 


12,200 

40 

48 

16,700 

18 

85 

49.700 

84 

42 

65.800 

111 

94 

86,100 

62 

68 

81 

26 

28 

107 

IT 
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It  is  probable  that  other  factors  may  have  had  some  iDJSuence  in 
producing  the  more  uniform  results  obtained  during  the  latter  part 
of  the  period  covered  by  the  results  in  the  last  table.  But  it  is  be- 
lieved that  the  more  satisfactory  results  obtained  after  reducing  the 
available  head  were  due  in  part  to  this  change. 

With  the  large  continuous  filters,  Nos.  7  A  and  8  A,  the  influence 
of  the  higher  traps  was  less  marked  than  in  the  case  of  the  intermit- 
tent filter  referred  to  above,  but  there  were  indications  that  this 
treatment  aided  in  maintaining  more  nearly  normal  results  just  after 
scraping.  With  the  smaller  20-inch  filters  the  effect  of  the  change 
was  still  less  marked,  because  they  are  too  small  to  feel  seriously 
the  influence  of  unequal  rates  of  filtration.  There  has  been  a  slight 
improvement,  however,  in  the  bacterial  results  from  the  small  inter- 
mittent filters  of  coarse  materials,  Nos.  47  and  18  A. 

As  the  area  of  filtering  surfaces  is  increased  it  is  probable  that  the 
beneficial  effect  of  some  such  treatment  as  this  would  become  more 
marked.  It  ought  not  to  be  forgotten,  however,  that  the  lowest 
foot  of  a  water  filter  appears  to  be  the  least  efficient  in  the  removal 
of  bacteria.  Owing  to  the  possibility  of  complications  with  other 
important  factors  and  to  the  short  duration  of  these  experiments  it 
does  not  appear  advisable  to  draw  any  definite  conclusions  as  to  the 
merits  of  this  line  of  treatment. 


The  ErrECT  of  Size  of  Sand  Grains  upon  Bacterial  Efpicienct. 

The  evidence  which  has  been  obtained  with  respect  to  the  size  of 
sand  grains  plainly  shows  that  the  chief  points  to  be  considered  in 
this  connection  are  as  follows : — 

1.  The  effect  of  differences  in  the  size  of  grains  of  filtering  ma- 
terials is  shown  to  a  marked  degree  by  the  differences  in  length  of 
time  required  for  filters  of  new  material  to  yield  efiiuents  of  normal 
bacterial  contents. 

2.  As  the  size  of  sand  grains  increases  the  effect  upon  bacterial 
efficiency  of  such  disturbing  conditions  as  deep  scraping,  unequal 
rates  of  filtration,  etc.,  becomes  more  marked,  even  in  the  case  of 
filters  which  have  been  several  years  in  operation. 

3.  This  last  fact  is  well  brought  out  by  a  study  and  comparison 
of  the  results  obtained  from  Filters  Nos.  18  A  and  50,  constructed 
of  sand  of  an  effective  size  of  0.48  millimeter.  The  marked  su- 
periority during  the  summer  and  early  fall  of  Filter  No.  18  A  which 
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was  pat  in  operatioa  in  September,  1889,  points  clearly  to  the  fact 
that  filters  as  they  grow  old  in  service  resemble  finer  ones  more  and 
more. 

Owing  to  the  complications  arising  from  differences  in  chemical 
composition  of  sand  grains,  age  of  filter  and  other  factors,  it  seems 
annecessary  to  tabulate  the  results  on  this  point.  More  light 
will  be  obtained  from  the  study  of  the  results  in  detail  as  found 
beyond. 

The  discussion  upon  this  topic  may  be  closed  with  the  statement 
that  under  the  conditions  which  have  prevailed  at  Lawrence  satis- 
factory removal  of  bacteria  from  water  may  be  obtained  from  sand 
of  a  size  which  must  be  uniform  throughout  the  filter  but  which 
may  range  from  0.14  to  0.38  millimeter  for  effective  size.  Sand  as 
coarse  as  0.48  millimeter  effective  size  (Filters  Nos.  18  A  and  50) 
requires  a  longer  period  of  operation  to  yield  normal  results. 


The  Effect  of  the  CJoMPOsmoN  or  the  Unfiltered  Water 

UPON  Bacterial  Efficiency. 

The  data  upon  water  filtration  have  been  obtained  exclusively 
with  the  Merrimack  River  water,  although  there  has  been  consider- 
able variation  in  the  conditions  under  which  it  has  been  studied. 
Not  only  have  the  differences  arising  from  changing  seasons  and 
from  storms  and  freshets  been  noted,  but  considerable  attention  has 
been  given  during  the  past  year  to  the  filtration  of  the  river  water 
after  it  has  passed  through  the  filter  and  distributing  system  of  the 
Lawrence  Water  Works. 

Comparison  of  the  bacterial  results  obtained  from  the  filtration  of 
the  Merrimack  River  water  and  the  Lawrence  city  (filtered)  water 
has  been  given  on  pages  589,  590,  where  it  was  shown  that  the  for- 
mer water,  containing  more  organic  matter  in  solution,  offered  some 
marked  advantages,  from  a  hygienic  point  of  view,  for  treatment  by 
filtration. 

The  amount  of  free  oxygen  which  is  dissolved  in  the  unfiltered 
water  is  a  matter  of  importance,  and  the  quantity  varies  not  only  in 
the  case  of  different  waters  but  in  the  case  of  the  same  water  at  dif- 
ferent seasons  of  the  year.  The  chief  significance  of  the  amount  of 
oxygen  is  its  relation  to  the  amount  of  organic  matter  present  in 
the  unfiltered  water.     This  point  should  be  considered  in  deciding 
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whether  a  water  filter  should  be  operated  intermittently  or  contioa- 
ously. 

The  available  evidence  shows  clearly  that  there  are  some  waters 
which  are  saturated  with  oxygen  and  contain  a  small  amount  of 
organic  matter,  and  which  may  be  filtered  by  the  continuous  method 
under  proper  conditions  with  thoroughly  satisfactory  bacterial  re- 
sults. On  the  other  hand,  the  successful  filtration  by  the  ordinary 
continuous  method  of  a  water  which  contains  much  organic  matter 
and  very  little  or  no  free  oxygen  is  absolutely  out  of  question. 


The  Effect  op  the  Method  of  Appi.ication  of  Water  to  the 

FiLTEBS  upon  Bacterial  Efficiekgt. 

In  1894  a  change  was  made  in  the  method  of  operating  filters 
intermittently,  and  this  change  will  first  be  described,  together  with 
its  effect  upon  the  removal  of  bacteria.  The  continuous  filters  have 
of  necessity  been  operated  in  substantially  the  same  manner  as  in 
former  years. 

During  1893  the  intermittent  filters  were  operated  as  follows :  at 
5  A.M.,  after  draining  over  night,  the  untrapped  outlet  was  closed 
and  the  water  turned  on  at  the  top,  causing  the  air  in  the  pores  of 
the  sand  to  be  forced  out  at  the  surface.  When  the  surface  was 
covered  and  the  larger  part  of  the  air  driven  out  of  the  pores  (about 
7,30  A.M.)  the  gate  of  the  outlet  pipe  was  opened  to  give  the  pre- 
scribed rate  and  the  surface  kept  covered  with  water.  At  9  p.m.  the 
water  was  shut  off  and  the  filter  allowed  to  drain.  Under  these  con- 
ditions of  operation  it  was  shown  in  the  1893  report  that  the  inter- 
mittent filters  gave  less  uniform  and  less  satisfactory  bacterial  results 
than  continuous  filters,  owing  to  mechanical  disturbances  of  the  sand 
by  the  escaping  air. 

Beginning  the  first  week  in  June,  1894,  the  method  of  operation 
of  intermittent  filters  was  changed  as  follows :  at  6.30  a.m.  the  appli- 
cation of  water  was  stopped  and  the  filter  allowed  to  drain  for  two 
hours  from  the  time  when  the  surface  was  first  uncovered.  Water 
was  again  applied  and  the  gate  of  the  outlet  pipe  kept  constantly 
open.  This  caused  the  air  to  be  forced  downward  through  the  out- 
let and  largely  prevented  disturbance  at  the  surface.  The  bacterial 
purification  became  more  uniform,  as  is  brought  out  by  the  following 
table,  in  which  are  given  the  weekly  averages  of  the  numbers  of 
bacteria  per  cubic  centimeter  in  the  applied  water  and  in  the  effluents 
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of  intermittent  Filter  No.  3  B,  and  of  its  continuous  mate.  Filter  No. 
8  A»  for  the  five  weeks  preceding  and  the  five  weeks  following  this 
change  in  method  of  operation.  The  conditions  were  as  nearly  alike 
as  possible  during  this  period,  except  the  manner  of  application  of 
water  to  Filter  No.  3  B. 


Table  showing  a  Comparison  of  Weekly  Averages  of  the  Number  of  Bacteria  per 
Cubic  Centimeter  in  Samples  taken  at  Different  Hours  of  the  Day  from  Efflu- 
ents of  InUrmittent  Filter  No.  3  B  and  Continuous  Filter  No.  8  A. 

April  SO-June  2, 1894. 


Bacteria 

in 
AppUed 
water. 

INTKEMITTBIIT  FlLTSB  NO.  8B. 

CoNTiiruoua  Filter  No.  8  A. 

Wxxx  ExDisa— 

8  a.m. 

11  AM. 

2  p.m. 

4  p.m. 

8  a.m. 

11A.M. 

3  p.m. 

4  p.m. 

ISt' 

May    6,        . 

May  12.        . 
May  19, 
May  26, 

jQoe   2, 

1. 

2,800 
4,700 
7,100 
12,700 
4,000 

04 

72 

128 

128 

185 

T2 
64 

142 

86 

168 

64 

47 

82 

81 

114 

80 
67 
86 

02 
60 

80 

28 

20 
28 
86 

81 
26 
27 
89 
86 

80 

27 
88 
20 
89 

84 

as 

88 
88 
88 

Averages 

t 

e,400 

110 

102 

76 

69 

80 

20 

80 

29 

June  4-Jidy  7, 1894. 


June  9,        .       .       . 

6,700 

97 

00 

142 

98 

60 

87 

61 

88 

Jane  16,        ... 

6,100 

41 

61 

42 

47 

29 

SO 

88 

80 

June  23,        •       .       . 

7,700 

68 

78 

148 

90 

80 

20 

81 

IT 

June  80,        .       .       . 

11,000 

61 

04 

116 

76 

87 

62 

40 

68 

July    7,        .       .       . 

4,900 

88 

48 

00 

60 

14 

14 

16 

10 

Averages, 

7,000 

68 

06 

100 

71 

82 

• 

81 

82 

84 

These  results  show  that  the  duration  of  the  period  of  higher  num- 
bers after  the  interval  of  rest  was  several  hours  shorter  by  the  new 
than  by  the  old  method  of  treatment,  but  the  change  in  operation 
did  not  do  away  at  all  times  with  irregular  bacterial  results. 

In  studying  the  latter  part  of  the  last  table  it  will  be  seen  that 
during  the  weeks  ending  June  16  and  July  7  the  bacterial  results 
from  Filter  No.  3  B  were  very  uniform,  while  there  was  considerable 
variation  during  the  other  weeks  of  this  period.  The  explanation 
of  this  is, that  in  the  two  weeks  mentioned  there  was  no  scraping  of 
the  surface,  while  the  influence  of  this  treatment  was  felt  during 
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each  of  the  other  three  weeks.  From  observations  of  the  filter  it 
appeared  that  for  a  few  days  following  scraping  t^e  water,  when 
applied  to  the  surface  after  draining,  passed  through  the  sand  near 
the  point  of  application  at  a  very  rapid  rate  of  filtration,  while  the 
surface  covered  very  slowly.  When  there  was  an  accumulation  of 
sediment  upon  the  surface  the  water,  upon  application  to  the  drained 
sand,  distributed  itself  over  the  whole  surface  much  more  quickly 
and  the  action  of  the  whole  filter  was  more  uniform.  It  was  re- 
peated observations  of  this  nature  that  led  to  the  change  in  the  traps, 
as  has  been  described  under  loss  of  head  on  page  637. 

In  arranging  the  bacterial  results  to  show  the  ]:elative  efficiency  of 
intermittent  and  continuous  filters  the  average  results  for  the  entire 
daily  yield  of  the  intermittent  filters  have  been  taken.  That  is,  the 
numbers  obtained  just  after  refilling  following  a  period  of  rest,  which 
have  been  higher  at  times  than  at  other  periods  of  the  day,  have 
been  averaged  in  the  proper  ratio  with  those  numbers  representing 
the  remainder  of  the  daily  (twenty-four  hours)  flow. 

The  average  numbers  of  bacteria  obtained  in  this  manner  from  the 
several  pairs  of  intermittent  and  continuous  filters  from  September 
1  to  November  30  inclusive  are  presented  in  the  table  below.  From 
the  early  portion  of  the  report  on  water  filtration  it  will  be  recalled 
that  Filters  Nos.  33  A,  41,  43,  44,  45  and  47  were  allowed  to  rest 
until  about  July  20,  and  had  attained  normal  bacterial  efficiency 
again  by  September  1 ,  when  traps  were  arranged  in  each  case  so 
that  the  under-drains  and  lower  portion  of  filtering  material  were 
constantly  saturated  with  water.  The  traps  were  similarly  arranged 
September  6  on  Filters  Nos.  3B  and  8  A,  which  had  been  in  con- 
tinuous service  since  the  preceding  September.  In  comparing  the 
results  from  the  coarse  Filter  No.  50  with  those  from  Filter  No. 
18  A  it  is  to  be  remembered  that  the  former  was  constructed  July 
23,  1894,  while  the  latter  was  constructed  Sept.  17,  1889;  the 
trap  to  each  of  those  filters  was  arranged  similarly  to  those  of  the 
filters  mentioned  above. 
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Table  shoteing  Gcmparison  of  the  Average  Number  of  Bacteria  per  CxMe  Centi- 
meter in  Effluents  of  Continuous  and  InUrmiUeni  Fillers. 


Datb. 

September. 

October. 

November. 

ATeFigea. 

Applied  water, . 

20,000 

20,000 

10,600 

10,800 

Filter  No.  8  B,  intennlttent,  , 

37 

01 

194 

07 

8  A,  ooQtlnaotit,    , 

19 

86 

147 

67 

ISA,  intormlttent,  . 

180 

880 

101 

182 

60,  coDtiniioiit, 

288 

268 

100 

214 

41,  Intermittent, 

10 

28 

60 

84 

83  A,  continnoat,    . 

82 

160 

87 

78 

46,  intermittent, 

60 

106 

108 

100 

43,  contlnnous,        , 

108 

488 

141 

229 

47,  intermittent, 

118 

401 

206 

241 

44,  contlnaons. 

78 

276 

61 

IS4 

Of  the  several  sets  of  results  presented  in  the  above  table  those 
from  Filters  Nos.  3  B  and  8  A  are  of  the  most  value,  owing  to  the 
size  of  the  filters  and  to  the  marked  similarity  in  many  of  their  feat- 
ures of  construction  and  operation.  These  results  show  that  the 
bacterial  efficiency  of  the  continuous  filter  was  greater  than  that  of 
the  intermittent  filter.  Three  comparisons,  however,  of  the  five 
given  in  the  last  table  indicate  the  number  of  bacteria  were  higher  in 
the  effluents  of  the  continuous  filters ;  and  the  average  number  of  bac- 
teria per  cubic  centimeter  in  all  of  the  effluents  of  the  continuous  and 
intermittent  filters  was  143  and  133,  respectively.  With  regard  to 
uniformity  of  efficiency  the  advantage  has  apparently  lain  with  the 
continuous  filters. 

It  is  evident  from  the  statements  made  earlier  in  the  discussion  on 
water  filtration  that  all  of  the  average  results  presented  above  have 
been  more  or  less  influenced  by  such  treatments  as  fluctuating  rates 
of  filtration,  deep  scraping  and  raking,  etc.,  conditions  which  should 
be  avoided  in  actual  practice.  A  detailed  study  of  the  individual 
results,  furthermore,  shows  that  the  normal  bacterial  results  from 
intermittent  and  continuous  filters  are  more  nearly  equal  than 
appears  in  the  case  of  some  of  the  averages  given  above. 
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Oondustons* 

All  thiDgs  taken  into  consideration  it  appears  that  the  proper  con- 
clusion from  the  eridence  obtained  upon  the  point  in  question  is 
that  ^atisfacioty  results  with  regard  to  the  removal  of  bacteria  from 
Merrimack  River  icater  of  the  composition  possessed  during  1894 
may  he  obtained^  under  suitable  conditions^  by  either  intermittent  or 
continuous  filters. 

From  our  general  knowledge  of,  and  experience  with,  the  filtration 
of  sewage  and  water  this  conclusion  may  be  extended  somewhat. 
It  may  be  stated  that,  so  far  as  the  amount  of  ordinary  organic 
matter  and  free  oxygen  are  concerned,  satisfactory  bacterial  results 
may  be  obtained,  under  proper  conditions,  from  the  intermittent  fil- 
tration of  any  water  eren  when  its  composition  approaches  that  of 
sewage.  The  un&vorable  feature  of  intermittent  filtration  with 
regard  to  the  removal  of  bacteria  has  arisen  from  slightly  dimin- 
ished efficiency  at  the  time  when  the  filters  have  been  refilled  after 
a  period  of  draining  and  of  rest.  This  has  been  most  noticeable  in 
the  case  of  filters  of  relatively  coarse  material  which  are  thoroughly 
underdrained  and  operated  at  comparatively  high  rates  of  filtration  ; 
and  especially  at  a  time  just  after  scraping  the  surface  when  the 
upper  layen  are  porous  and  allow  the  water  to  enter  the  material 
rapidly  near  the  point  of  application. 

With  regard  to  the  bacterial  results  from  continuous  filtration  of 
water,  as  the  process  is  generally  understood,  no  such  statements  of 
as  broad  a  nature  as  given  above  can  be  made  because  this  method  is 
successful  only  in  the  case  of  waters  which  contain  not  more  than  a 
certain  amount  of  organic  matter  in  relation  to  the  free  oxygen 
which  they  possess.  It  may  be  stated  that  the  Merrimack  River 
water  appears  at  times  to  approximate  this  limit  very  closely.  This 
is  most  noticeable  during  the  summer  months,  for  reasons  which  will 
appear  beyond,  and  especially  during  the  summer  of  1892  when  it 
will  be  remembered  that  there  were  evidences  in  the  effluents  of 
marked  bacterial  growths  within  the  filters. 

CHEMICAIi  PdRITIGATION  OF   WaTER   AND   REMOVAL  OF    COLOR    BY 

Filtration. 

Of  the  organic  matter  in  the  Merrimack  River  water  15  to  20  per 
cent,  is  usually  in  suspension,  as  shown  by  the  results  of  the  deter- 
mination of  the  albuminoid  ammonia. 
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A]I  of  the  suspended  organic  matter  is  removed  by  the  filters,  and 
in  addition  to  this  a  somewhat  variable  amoant  of  the  color  and 
soluble  organic  matters. 

Taking  the  final  averages  of  all  monthly  averages  of  analyses  of 
the  several  effluents  it  is  found  that  the  removal  of  color  has  been 
43  per  cent. ;  of  albuminoid  ammonia,  55  per  cent. ;  and  oxygen 
consumed  44  per  cent,  of  that  in  the  unfiltered  Merrimack  River 
water.  These  results  are  somewhat  better  than  those  obtained 
during  the  preceding  year.  The  reason  of  this  seems  to  be  owing 
in  part  to  the  fact  that  the  filters  were  allowed  to  rest  for  a  long 
period  and  that  new  sand  was  put  on  the  surfaces  to  replace  that 
removed  by  scraping. 

Before  presenting  and  discussing  the  results  more  fully  it  will  be 
well  to  state  that  additional  light  has  been  obtained  as  to  the  method 
by  which  organic  matter  is  removed  by  water  filters.  It  appears 
that  the  organic  matter  to  a  considerable  degree  unites  with  certain 
constituents  of  the  filtering  material ;  and  it  is  in  this  form  that  the 
organic  matter  is  changed  to  mineral  matter  by  bacterial  action  in 
the  presence  of  free  oxygen,  rather  than  when  it  is  a  constituent  of 
the  water  itself  on  its  passage  through  the  interstices  of  the  sand. 

The  theory  just  mentioned  is  particularly  serviceable  in  explain- 
ing: the  somewhat  remarkable  fact  that  a  filter  less  than  5  inches  in 
depth  has  at  times  yielded  an  effluent  of  as  good  chemical  composi- 
tion as  have  filters  5  feet  in  depth.  If  the  theory  is  true,  as 
appears  to  be  the  case,  this  result  is  capable  of  simple  explanation 
on  the  ground  that  all  of  the  organic  matter  which  will  unite  with 
the  sand  of  the  given  mineral  constituents  is  found  around  the 
grains  in  the  upper  five-inch  layer,  and  the  material  beneath  it  is  out 
of  service  in  this  instance. 

A  comparison  of  the  efficiency  of  the  several  filters  in  the  re- 
moval of  color  and  organic  matter,  as  indicated  by  the  albuminoid 
ammonia  and  oxygen  consumed,  is  presented  in  the  next  table.  The 
rates  of  filtration  are  expressed  in  million  gallons  per  acre  daily. 
The  amounts  of  color  and  organic  matter  in  the  effluents  are  ex- 
pressed in  percentages  of  that  in  the  unfiltered  water.  For  further 
details  regarding  methods  of  operation  and  results  of  analyses  refer- 
ence is  made  to  the  detailed  account  of  the  work  of  the  filters 
beyond. 
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Comparison  of  corresponding  resalts  in  the  two  preceding 
porta,  to  show  the  effect  of  rate  of  filtration,  size  of  sand  grain  and 
depth  of  material,  indicated  that  these  had  little  influence  within  the 
limits  studied.  Daring  the  past  year  there  have  been  times  when  it 
appeared  that  these  factors  had  some  weight,  under  the  somewhat 
wider  range  of  conditions. 

Prominent  among  the  factors  which  seem  to  be  more  entitled  to 
consideration  in  the  removal  of  organic  matter  are  organic  composi- 
tion of  water ;  free  oxygen  in  water ;  mineral  composition  of  filter- 
ing material ;  age  of  filters ;  and  temperature. 


Effect  of  the  Method  of  Applicaiion  of  Water  upon  Chemical 

Purification. 

This  problem  was  investigated  with  considerable  thoroughness  in 
1893,  and  in  the  annual  report  of  the  Board  for  that  year  it  was 
shown  that  there  was  practically  the  same  amount  of  color,  free  am- 
monia and  of  organic  matter,  as  indicated  by  the  albuminoid  ammonia 
and  oxygen  consumed,  in  the  effluents  of  the  continuous  and  in- 
termittent filters.  The  results  obtained  during  the  past  year  confirm 
the  earlier  ones,  as  is  shown  by  the  total  averages  of  comparable 
results  presented  in  the  following  table. 

TMt  showing  CompairiBon  of  Monthly  Averages  of  ChemiocU  Analyses  of  CTon^m- 

uaus  and  IrUermiUsnt  Fillers, 

hUemUttent  Filiersp  —  Auguat-NotemhtTt  1894. 
[Parte  per  lOO/KM.] 
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There  are  only  two  points  in  which  these  results  show  a  substantial 
difference,  and  they  are  the  nitrogen  itf  the  form  of  nitrates  and  the 
free  dissolved  oxygen  which  are' higher  in  each  instance  in  the  case  of 
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the  intermittent  filters*  In  studying  these  resalts  careful  considera- 
tion should  be  given  to  the  conditions  under  which  they  were  ob- 
tained. The  method  by  which  the  intermittent  filters  were  operated 
and  the  change  in  arrangement  of  the  traps  on  the  outlet  pipes  have 
beeen  described  on  pages  637  and  688. 

Intermittent  Filter  No.  S  B  and  continuous  Filter  No.  8  A  are 
larger  than  the  other  filters,  and  exposed  to  out-door  weather  and 
have  been  regularly  in  service  throughout  the  year ;  hence  it  is  in- 
structive to  summarise  briefly,  in  this  connection,  the  results  of  the 
chemical  analyses  which  are  presented  beyond.  The  average  yearly 
results  of  analyses  of  the  effluents  of  this  pair  of  filters  show  the 
following  results,  respectively,  expresseed  in  parts  per  100,000': 
color,  0.28  and  0.27 ;  free  ammonia,  0.0020  and  0.0019 ;  albumi- 
noid ammonia,  0.0088  and  0.0090 ;  nitrogen  in  the  form  of  nitrates, 
0.0300  and  0.0270;  oxygen  consumed,  0.29  and  0.28;  and  percent- 
ages of  dissolved  oxygen  85  and  64.  These  results,  covering  the  en- 
tire yeaj*,  show  even  a  less  difference  between  the  intermittent  and 
continuous  filters  than  in  the  case  of  the  results  presented  in  the  last 
table. 

These  differences  in  the  composition  of  the  effluents  have  received 
considerable  discussion  in  previous  reports  but  at  this  time  it  will  be 
well  to  review  the  matter  briefly  and  add  to  it  the  additional  infor- 
mation obtained  during  the  past  year. 

Belation  of  Free  Oxygen  in  Unfiltertd  Water  to  Chemical  Pari* 
JlccttiOH. —  Free  oxygen  and  bacterial  action  are  both  absolutely  nec- 
essary for  the  conversion  by  filtration  of  organic  matter  to  harmless 
mineral  matter.  The  amount  of  free  oxygen  present  in  fresh  sewage 
is  insufficient  for  the  purification  of  sewage  by  filtration  and  nitrifica- 
tion and  it  is  absolutely  necessary  to  introduce  additional  oxygen 
into  the  pores  of  the  filtering  material.  In  the  case  of  ordinary 
waters  the  amount  of  organic  matter  is  much  less  and  in  many  cases, 
apparently,  is  not  in  excess  of  the  amount  which  can  be  nitrified  by 
the  aid  of  the  free  oxygen  dissolved  in  the  water. 

The  amount  of  free  oxygen  in  the  effluents  of  continuous  filters  at 
Lawrence  becomes  very  small  at  times,  although  the  effluents,  as 
they  have  flowed  through  trapped  outlets,  have  never  been  found 
wholly  lacking  in  free  oxygen.  This  is  shown  by  the  next  table,  in 
which  are  given  the  average  monthly  results  of  determinations  of 
free  oxygen  in  the  applied  Merrimack  River  water  and  in  the  sev- 
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eral  effluents.  In  studying  these  results  it  should  be  borne  in 
mind  that  the  amount  of  free  oxygen  necessary  to  saturate  water 
varies  with  the  temperature  and  ranges  from  1.47  parts  at  32^  F.  to 
0.81  part  at  80°  F.,  expressed  by  weight  in  parts  per  100,000,  In 
the  table  below  the  convenient  method  is  followed  of  expressing  the 
amount  of  oxygen  in  percentages  of  that  necessary  for  saturation  at 
actual  temperatures,  but  for  reference  the  approximate  temperature 
is  also  recorded.  The  fact  that  the  amount  of  free  oxygen  in  waters 
is  least  in  summer  when  the  organisms  of  nitrification  are  most 
active  is  a  matter  of  some  significance. 


Table  showing  Per  Cent,  which  Oxygen  dissolved  in  the  Applied  Water  and  Effluents 
^   was  of  that  Necessary  for  Saturation  at  Actual  Temperature, 
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It  will  be  noted  that  the  effluents  of  intermittent  filters  contained 
much  more  free  oxygen  as  a  rule  than  those  of  continuous  filters, 
owing  of  course  to  the  increased  amount  of  oxygen  which  entered 
the  pores  of  the  intermittent  filters  at  times  of  draining  and  rest. 

It  will  be  noted,  also,  that  the  effluents  of  continuous  Filters  Nos. 
38,  42,  46,  48  and  49  contained  a  large  percentage  of  free  oxygen 
during  the  summer  months.  The  reason  of  this  is  that  at  that  time 
they  received  city  (filtered)  water  which  contained  a  slight  amount 
of  organic  matter  capable  of  removal  by  oxidation  and  nitrification 
under  the  existing  conditions. 
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Consideration  of  the  Amount  of  Nitrates  in  Effluents. 

The  degree  of  nitrification  is  measured  of  coarse  by  the  increase 
in  the  amount  of  nitrogen  in  the  form  of  nitrates  in  the  effluent  over 
that  in  the  uufiltered  water.  As  was  shown  in  last  year's  report 
the  nitrates  in  the  effluents  of  continuous  filters  are  reasonably  con- 
stant throughout  the  entire  day ;  while  in  the  case  of  intermittent 
filters  the  amount  varies  to  a  marked  degree.  The  reason  of  this  is 
that  a  portion  of  the  organic  matter  stored  in  the  sand  is  nitrified 
during  the  period  of  rest  after  draining.  .  When  water  is  again 
applied  the  nitrates  are  washed  out»  giving  unusually  high  amounts 
for  some  time,  varying  according  to  the  rate  of  filtration.  After  a 
time,  however,  these  high  nitrates  fall  to  the  normal. 

Much  time  and  labor  have  been  spent  during  the  past  year  in 
studying  the  relative  intensity  of  nitrification  in  intermittent  and 
continuous  filters,  especially  during  the  summer  months.  During 
the  summer  weather  the  nitrification  of  Merrimack  River  water  by 
intermittent  filtration  is  certainly  more  complete,  although  the  dif- 
ference in  the  remainder  of  the  year  is  slight  and  sometimes  in  favor 
of  the  continuous  filters. 

The  especial  difficulty  which  had  to  be  contended  with  during  the 
summer  months  was  the  marked  variation  in  the  amount  of  nitrates 
in  the  applied  river  water  drawn  from  the  canal.  This  variation 
was  due  to  the  fact  that,  as  the  summer  was  a  dry  one  and  the  river 
was  so  tow  that  the  mills  could  not  be  operated  on  many  occasions 
at  night  by  water  power,  the  canal  remained  over  night  filled  with 
still  water,  and  by  a  series  of  special  experiments  it  was  learned  that 
the  nitrates  increased  during  the  night  to  a  marked  but  variable 
degree. 

During  the  pat^t  year  it  has  been  the  custom  to  analyze  several 
times  each  month  a  series  of  at  least  four  and  usually  five  samples 
collected  in  one  day  from  the  effluents  of  the  intermittent  filters. 
The  monthly  averages  of  analyses  for  the  year  1894  have  been  made 
from  representative  results  from  these  series. 

The  following  experiment,  typical  of  several  which  were  made 
during  the  spring  and  summer,  is  instructive  in  this  connection. 

The  gates  on  the  inlet  and  outlet  pipes  of  intermittent  Filter  No. 
3  B  were  closed  at  5  p.m.  on  May  14,  and  the  filter  remained  out  of 
service  with  the  surface  covered  with  water  until  5  a.m.  on  May  18. 
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The  gates  were  then  opened  and  filtration  resumed  at  the  rate  of 
2,900,000  gallons  per  acre  daily.  Four  samples  were  collected  at 
different  hours  of  the  day  and  analyzed  with  the  following  results :  — 
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These  results  are  of  intereat  in  that  they  show  that  the  removal 
of  organic  matter  and  color  from  water  and  the  incr^se  in  nitrates 
are  abnormally  high  in  a  filter  whieh  is  allowed  to  rest  but  not  to 
drain  and  have  its  pores  fill  with  air.  They  also  show  that  nitrifica- 
tion takes  place  most  rapidly  in  the  upper  portion  of  the  filter  where 
the  storage  of  organic  matter  is  greatest.  In  this  instance,  also,  just 
as  in  the  caae  where  the  filter  is  drained,  the  abnormally  high  nitrates 
were  washed  out  and  disappeared  in  a  few  hours  after  placing  the 
filter  in  operation. 

It  was  thought  that  perhaps  the  organisms  of  nitrification  might 
be  in  a  more  active  state  in  intermittent  than  continuous  filters  and 
accordingly  the  continuous  mate  of  Filter  No.  3  B  (Filter  No.  8  A) 
was  similarly  treated,  except  that  the  period  of  rest  was  shorter.  The 
gates  on  the  inlet  and  outlet  pipes  of  the  latter  filter  were  dosed  at 
5  P.M.  on  May  16  and  the  filter  allowed  to  rest,  with  the  surface 
covered  with  water,  until  5  aoc.  on  May  18,  when  the  gates  were 
opened  to  permit  the  water  to  pass  through  at  a  rate  of  2,100,000 
gallons  per  acre  daily.  Four  samples  were  collected  for  analysis  at 
somewhat  dififerent  hours  from  those  of  Filter  No.  3  B,  owing  to  the 
difference  in  the  rate  of  filtration.  The  results  of  analyses  which 
are  given  in  the  next  table  show  that  if  there  was  any  difiTerence  in 
the  activity  of  the  nitrifying  bacteria  it  was  a  slight  one.  Through- 
put the  day  the  free  oxygen  in  the  effluent  was  about  85  per  cent, 
of  that  necessary  for  saturation  at  the  actual  temperature  (61^  F.). 
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OonUnuotu  FiUer  No.  8A^—May  18, 1894. 

[PUU  par  100,000.] 
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The  nitrification  by  intermittent  Filter  No.  8  B  was  less  complete 
daring  the  winter  of  1893-94  than  in  the  case  of  its  continuous  mute. 
Filter  No  8  A.  It  was  suggested  in  the  report  of  the  Board  for 
1893  that  this  was  probably  due  to  the  exposure  of  the  surface 
layers  where  nitrification  takes  place  to  the  largest  extent,  for  from 
six  to  eight  hours,  to  the  freezing  temperature  of  winter  nights. 
Daring  1894  the  method  of  operation  of  intermittent  filters  was 
<;hanged  so  that  the  exposure  was  reduced  to  two  hours  durinj;  the 
milder  temperature  of  day.  The  much  more  satisfactory  nitrifica- 
tion in  Filter  No.  3  B  during  the  early  part  of  the  winter  of  1894--95 
indicates  that  the  theory  noted  aboye  was  correct. 

CoTvdusions. 

The  evidence  which  has  been  accumulated  on  this  subject  indicates 
that  intermittent  filtratiou  is  successful  in  the  chemical  purification 
of  all  waters  containing  ordinary  organic  matter.  Chemical  purifi- 
cation by  continuous  filtration  is  successful  only  in  the  case  of  those 
waters  which  do  not  contain  organic  matter  in  excess  of  a  certain 
limit  determined  by  the  relation  of  the  organic  matter  to  the  free 
dissolved  oxygen  which  is  limited  in  quantity  by  the  saturation  point. 


Th£  Relation  bbtwebn  Construction  and  Operation  of  Fil- 
ters AND  THE  QUANTITT  OF  SaND  SoRAPED  FROM  THE  SUR- 
FACES TO  RELIEVE  ClOOGING. 

The  data  which  have  been  obtained  in  1894,  May  to  November 
inclusive,  are  summarized  in  the  next  table.  The  depths  of  sand 
Temoved  were  calculated  in  each  case  from  the  weight  of  the  sand. 
These  figures  are  presented  as  a  matter  of  record  and  will  not 


654  STATE  BOARD  OF  HEALTH.         [Pub.  Doc 

be  discussed,  owing  to  the  fact  that  the  filters  were  subjected  to 
abnormal  treatmeDts  oa  Dumerous  occaaioDB  for  the  purpose  of 
experiinentatioD. 

It  should  be  borne  in  mind  that  Filters  Nos.  38,  42,  46,  48  and 
49  received  city  (filtered)  water  until  September  1. 


Summary  of  BeauUi  of  Scraping  of  Water  FiUera,  May  ta  November,  1894. 
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UHSATieFAOTOET    FeATUBES    OF    THE    METHOD    OP    RePLACEMEHT 

OF  Clogged  Sand  with  Clean  Sand  at  the  Tub  of  £ach 

Scraping. 
The  method  of  replacing  with  clean  sand  the  clogged  sand  which 
was  removed  from  the  fillers  worked  satisfactorily  at  first.  After  a 
time,  however,  it  was  found  that  the  finer  particles  of  the  oew  and 
clean  sand,  together  with  some  of  the  suspended  matters  of  the  un- 
filtered  water,  worked  their  way  down  to  the  juoctioo  of  the  old  and 
new  material.  In  several  instances  sub-surface  clogging  occurred  Id 
filters  one  or  two  days  after  scraping,  and  it  was  necessary  to  break 
up  this  layer  before  satisfactory  results  were  obtained. 

Such  treatment  as  noted  above  interferes  with  bacterial  efficiency. 
There  are  certain  advantages  associated  with  systematic  replacement 
of  material  on  each  occasion ;  but  all  things  considered  it  seems  to 
be  advisable  to  construct  filters  of  such  depth  that  they  may  be 
scraped  for  a  year,  perhaps,  without  replacement;  then  making  a 
special  point  of  carefully  restoring  the  filter  to  its  original  depth  and 
taking  such  steps  as  are  necessary  to  prevent  diminutioo  in  bacterial 
efficiency. 
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More    Satisfagtobt  Results  from   Covered  Filters  in  a 

Climate  such  as  exists  at  Lawrence. 

From  experience  with  the  out->door  experimental  Filters,  No.  3  B 
and  8  A,  and  the  Lawrence  city  filter  it  appears  that  the  difficulty 
in  scraping  the  sarface  during  the  winter  months  is  so  great  that  it  is 
advisable  to  provide  water  filters  with  covers  in  this  climate.  The 
difficulty  arises  from  the  removal  of  the  ice  which  becomes  two  to 
three  feet  in  thickness.  Bacterial  efficiency,  however,  is  affected 
only  in  an  indirect  way  through  unequal  rates  of  filtration  caused  by 
disturbance  of  the  surface  in  places. 

The  Water  taken  from  the  Merrimack  River  and  afplied 

TO  THE  Experimental  Filters. 

With  the  exception  of  the  city  (filtered)  water  applied  to  Filters 
Nos.  38,  42,  46, 48  and  49  up  to  September  1,  water  has  been  taken 
from  the  Merrimack  River  and  applied  to  all  of  the  water  filters. 
Up  to  July  20  the  water  was  brought  through  a  two-inch  galvanized 
iron  pipe,  about  400  feet  long,  from  the  north  canal  of  the  Essex 
Company.  On  that  date  a  somewhat  shorter  twelve-inch  iron  pipe 
was  put  into  service  to  bring  water  from  the  forebay  of  the  locks  at 
the  foot  of  this  canal.  A  four-inch  galvanized  iron  pipe  is  used  for 
distribution  of  water  in  the  station. 

The  water  is  substantially  the  same  as  the  river  water  above 
Lawrence  which  is  applied  to  the  city  filter.  The  turbidity  and 
sediment  are  usually  very  slight,  but  after  heavy  rains  and  during 
the  spring  freshets  become  quite  marked.  Usually  the  odor  is  slight, 
bat  during  cold  weather,  when  the  river  is  covered  with  ice,  it  be* 
comes  distinctly  musty* 

The  results  of  analyses  of  the  water  as  drawn  at  the  station  are 
given  in  the  next  two  tables.  In  the  first  table  are  the  average  daily 
results  of  bacterial  analyses.  These  results  are  the  average  of  two 
analyses  in  all  instances  and  frequently  more  have  been  made. 
Monthly  averages  of  results  of  chemical  analyses  are  presented  in 
the  second  table  beyond ;  with  them  are  also  the  results  of  bac- 
terial analyses  of  corresponding  samples.  Additional  analyses  in 
which  are  given  the  residue  on  evaporation  and  observations  upon 
the  odor,  turbidity  and  microscopical  organisms,  appear  in  the 
earlier  portion  of  this  volume. 
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B.  prodigiasus  was  applied  in  the  river  water  to  several  of  the 
filters  during  October,  November  and  December.  The  degree  of 
dilution  of  cultures  in  which  this  germ  was  applied  was  greater  than 
during  former  years,  and  the  amount  of  food  matters  introduced  with 
the  cultures  was  ao  small  that  the  amount  of  organic  matter  added 
in  this  way  to  the  water  oould  scarcely  be  measured. 

In  the  last  annual  report  of  the  Board  the  results  of  analyses  of 
the  river  water,  especially  the  bacterial  analyses,  were  presented 
quite  completely  for  the  months  of  January  to  April,  inclusive, 
1895. 


AvercLge  Number  of  Bacteria  per  Cubic  Centimeter  by  Days^  in  CaTuU  Water 

(Merrimack  River),  1894, 


DAT. 

Mtj. 

JWM. 

Jllj. 

• 

AlfMt. 

8«ptomber. 

Oelober. 

Sorembcr. 

December. 

I,        •          .          . 

8.900 

4,800 

4,800 

2,800 

4.000 

60.800 

8,800 

86,001 

t,        . 

8,600 

4,000 

6,900 

8,900 

• 

74.000 

14.200 

- 

8.      . 

2,900 

- 

1,600 

4.800 

700 

47,700 

6.900 

12.300 

i»      . 

8,100 

0,800 

- 

1.900 

1.600 

72,700 

- 

10.400 

*.      . 

•  • 

8,000 

^408 

8.T00 

- 

1,200 

80.500 

8.1B00 

6^800 

•t      . 

- 

6.700 

8,600 

3,900 

4,700 

69,000 

17,000 

10.900 

T,      . 

8,100 

3.800 

6,900 

8,900 

8,800 

- 

10.100 

83,800 

«.      - 

4,900 

6.300 

- 

6.700 

7,800 

16,800 

9,900 

88,700 

s.     . 

«,100 

0,800 

4,800 

8.000 

- 

18.800 

8.900 

- 

10.       , 

4,400 

- 

8,800 

8,900 

4,000 

100.400 

6.900 

46,400 

n.    . 

• 

6,100 

8,800 

8.100 

8.700 

16.000 

91.400 

44,000 

i«.     . 

4.800 

6.800 

8.800 

- 

6,800 

69.100 

11.000 

84.400 

13,      , 

- 

8,800 

6.700 

1.600 

4.400 

42.000 

12.900 

84,900 

14,      , 

8,800 

4.800 

8,600 

TOO 

19,900 

- 

9,100 

81,400 

l».      . 

6,100 

6,T0O 

- 

4,800 

88,080 

8.600 

12,000 

46,600 

!•,      , 

8,500 

6,600 

1,800 

S.700 

- 

8,800 

12,000 

- 

IT.      . 

- 

- 

2,600 

3,100 

6,100 

8.400 

22.600 

80.400 

18.      . 

8,800 

T.400 

7,600 

8,400 

16,100 

8.400 

- 

16.160 

18. 

10,800 

6,800 

8,000 

- 

17.800 

8,100 

17,600 

9^600 

80, 

- 

0,600 

7,900 

3.000 

81.600 

4,200 

16,600 

0.700 

81, 

11,000 

8300 

8,800 

2,100 

28,600 

- 

10.800 

21,600 

88, 

10.00O 

8,400 

- 

4.600 

16,900 

8,600 

8.200 

18,600 

88, 

1S.400 

7,800 

1,800 

6.500 

- 

1.800 

9,100 

12.700 

84, 

11,000 

- 

8,400 

7.100 

6.800 

1.800 

6.300 

- 

8«, 

10.100 

6.400 

8,800 

6,180 

8,000 

1,606 

- 

- 

ae. 

14,000 

7,400 

8,700 

- 

19,200 

6,000 

10,600 

28.800 

27. 

- 

8.400 

4,600 

1.200 

66.600 

12.900 

7,700 

16.300 

88. 

6.900 

86.800 

8,100 

1,700 

99,100 

- 

9.800 

- 

88, 

8,300 

18,800 

- 

1.900 

106,700 

3.700 

- 

11,300 

80, 

4.100 

9.600 

8.100 

4.100 

- 

2,300 

14.000 

- 

81. 

0,700 

— 

2,000 

6400 

• 

4.300 

■• 

14.700 
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ManMif  Averagts  of  Andlymi  of  Canal  Water  (Merrimack  Biver). 

[Parts  per  lHOJMk} 


ISM. 


JtBvtay,    • 
Fbbmary,  • 
Mtfth, 
April, 
Umj,  .       . 
Jane, .       • 
July*  • 
Angnctf     • 
Beptember, 
October,     • 
NoTember, 
DoMinber, 


Temper- 
ature. 


U 
M 

8T 
47 
67 
•7 
77 
74 
07 
68 
44 
12 


.48 

.47 

.a 

.47 

ja 

.86 

.86 
.81 
.41 

.a 

.88 


AMHOKlA. 


I 


ALBUMliron. 


I 


i 

1 


.0066 


.0QS7 


.0184 
.0180 
.0188 
.0148 
.0100 


.0106 
.0100 
.0074 
.0004 

.oori 

.0000 


.OSDO 
.0906 
.0176 
.0180 
.0198 
.0228 


.8141 

.0148 
.0172 
.0126 
.0180 
.0188 
.0146 
.0168 
.0141 
.0188 
.0182 
.0188 


.21 
.22 

.16 

.16 
.18 
.14 
.10 
.80 
.20 
.20 
.26 
.28 


NlTIO«Bir  A8 


.ou 

.818 
.018 

.OM 
.8U 
.011 
.008 
.010 
.011 
.017 
.014 
.018 


.0001 
.8001 
.0001 
.0000 
.0000 
.0000 
.0001 
.0008 
.0001 
.0002 
.0001 
.0001 


1 


J 


.41 
.42 
.48 
.41 
.48 
.61 
.82 
.28 
.27 
.40 
.47 
.46 


88 

04 
101 
•6 
88 
80 
89 
62 
60 
88 
88 


I 

i 


i 


8,TM 
8,088 

10,108 

11,600 

7,800 

8,800 
7,008 
8,800 

29,100 

68,a00 

8,800 

20,400 


Detailed  Accouirr  of  the  Work  of 

FiLTESS  m  1894, 


THE    Several    Water 


The  remaioiDg  portion  of  the  report  of  the  Lawrence  inyeBtiga- 
tioDs  upon  water  filtration  coneiste  of  a  brief  outline  of  the  constniotion 
and  operation  of  each  filter,  the  average  results  of  daily  bacterial 
analyses,  the  monthly  averages  of  chemical  analyses  and  with  them 
the  average  results  of  corresponding  bacterial  analyses.  The  daily 
bacterial  results  are  made  up  by  averaging,  in  the  proper  ratio,  the 
results  of  several  daily  analyses  in  the  case  of  the  intermittent  filters ; 
several  samples  were  collected  for  bacterial  analysis  from  the  efflu- 
ents of  continuous  filters  in  many  instances.  This  was  not  uniformly 
true  daring  the  latter  part  of  the  year,  for  the  reason  that  there  was 
very  little  variation  in  the  numbers  of  bacteria  found  in  these  efflu- 
ents* All  filters  were  repeatedly  subjected  to  several  tests,  espe- 
cially at  times  when  they  were  operated  under  abnormal  conditions. 

For  the  sake  of  understanding  more  thoroughly  the  process  of 
•water  filtration  all  of  these  filters  have  been  subjected  purposely,  at 
times,  to  treatments  which  are  not  necessarily  a  part  of  the  process 
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and  which  should  certainly  be  avoided  in  actual  practice.  The  prin- 
cipal reason  for  the  presentation  of  the  daily  bacterial  results  is  to 
show  that  the  average  results  from  these  experimental  filters  have  been 
influenced  in  a  large  measure  by  a  comparatively  few  poor  results 
due  to  abnormal  conditions  and  that  the  normal  results  are  consider- 
ably better  than  would  appear  at  first  sight. 

From  Dec.  1,  1893,  until  the  spring  and  early  summer  of  1894 
the  small  in-door  filters  were  allowed  to  rest,  as  has  been  described 
with  considerable  care  above.  The  application  of  city  (filtered) 
water  to  some  of  the  filters  during  the  summer,  the  methods  of 
operating  filters  intermittently,  the  effect  of  deep  scraping,  and  the 
influence  of  fluctuating  rates  of  filtration  are  all  important  factors 
which  have  received  considerable  attention  in  the  foregoing  discus- 
sion. It  only  remains  to  record  the  dates  on  which  these  treatments 
took  place  in  order  that  they  may  be  studied  together  with  the 
tables  of  daily  bacterial  results. 


Application  of  B.  Prodigiosus. 

This  germ  has  been  applied  to  Filters  Nos.  46,  48  and  49  with 
city  (filtered)  water  during  several  weeks  in  July  and  August;  to 
all  of  the  in-door  water  Filters  Nos.  18A-50,  inclusive,  during 
October  and  November ;  and  to  Filter  No.  8  A  for  a  portion  of  the 
month  of  December.  The  general  plan  of  the  experiments  has  been 
the  same  as  during  previous  years  (see  1892  report  of  the  Board, 
page  529),  except  that  in  some  instances  fewer  B.  prodigiosus  have 
been  applied  at  a  time.  A  pure  culture  of  this  species  of  bacteria 
has  been  obtained  by  inoculation  and  growth  for  four  days  at  20^  C. 
in  a  solution  of  one-tenth  per  cent,  peptone  and  two-tenths  per  cent, 
glucose  in  city  water.  This  mixture  has  been  applied  to  the  filters 
in  some  instances  in  the  proportion  of  one  part  to  three  thousand 
parts  of  water,  while  in  other  cases  the  proportion  has  been  one  to 
thirty  thousand  parts  of  water,  at  intervals  of  one  or  two  hours  for 
ten  hours  a  day  and  six  days  a  week,  according  to  the  rate  of 
filtration. 

Numerous  examinations  of  the  eflSluents  at  frequent  intervals  have 
been  made  in  order  to  learn  whether  or  not  this  germ  passed  through 
the  filters.  The  reasons  why  this  species  of  bacteria  has  been  used 
are  that  it  is  easy  to  differentiate  from  ordinary  water  bacteria  and 
is  apparently  very  similar  to  the  Eberth  germ  of  typhoid  fever  ia 
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its  mode  of  life  in  the  river  water.  In  the  next  table  are  given  the 
average  numbers  of  B.  prodigiosua  per  cubic  centimeter  in  the 
applied  water  for  ten  hours  during  each  day  that  this  germ  was 
applied  to  the  filters.  Differences  in  degrees  of  dilution  explain  the 
marked  differences  in  the  numbers. 


Average  Number  per  OuHe  CentimeUr  of  Bcusillus  Prodigitma  in  Applied  River 

Water  for  Ten  Eaurs  Daily ^  1894. 


DAT. 


JnU. 


Angatt. 


Oetober. 


Nor«inb«r. 


December. 


1, 

4. 

6i 
% 
7, 
8, 

10, 

11, 
12, 
18, 

14. 
15, 

!•. 
IT. 
18, 
19* 

83, 


2T, 
88, 

98, 
SO, 

n. 


0 
0 
0 
0 
0 
8,800 

T,aoo 

0 
8,700 
11,800 
10,000 
10,700 
14,000 
11,000 

0 
10,700 
21,700 
11.900 
12,000 
11,000 
18,700 

0 
10,700 
12,700 
18,000 
12,000 
10,000 
21,800 


9,000 
10.700 


17,700 
18^800 
S4,000 
10,700 

0 
1^800 
6,700 
18,700 
18,800 
4,700 
18,800 

0 

4,000 

8.000 

6,800 

27,700 

8,800 

4,000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

1,800 

2,000 

8,200 

TOO 

800 

6.800 

0 

1,800 

7,000 

8,800 

8,000 

0 

5,600 

1,800 

6,000 

2,700 

6,600 

2,800 

4,700 

2,800 

0 

8,700 

2,600 

6,800 

4,700 

0 

0,100 

6,100 

0,000 

1,800 

0,000 

1,700 

8,000 

6,000 

0 

4,800 

6,400 

7,500 

4,000 

0 

6,100 

11,700 

4,800 

o;boo 

0,900 

2,800 

4,200 

2,700 

0 

S,800 

8,800 

8,000 

5,200 

0 

2,800 

4,888 

0 

2,800 

6,000 

880 

- 

0 

0 

0 

0 

20O 
20O 
100 
20O 

800 
876 
700 
876 

805 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Filter  No.  8  B. 

This  intermittent  filter  was  started  Sept.  28,  ISOS,  and  has  con* 
tained  60  inches  in  depth  of  sand  of  an  effective  size  of  0.23  milli- 
meter. In  the  report  of  the  Board  for  1898,  pagie  510,  an  account 
will  be  found  of  the  construction  and  results  of  operation  of  this  filter 
up  to  May  1,  1894. 

The  principal  features  in  the  history  of  this  filter  during  the  past 
year  are  the  change  in  the  method  of  intermittent  operation  by 
which  the  period  of  rest  became  two  hours  during  the  day  instead 
of  eight  hours  at  night  after  June  6 ;  the  permanent  increase  in  the 
rate  of  filtration  on  July  20  from  2,000,000  to  5,000,000  gallons  per 
acre  daily ;  and  the  arrangement  of  the  trap,  on  September  6,  to  keep 
the  lower  foot  of  material  from  draining.  On  July  19  a  trap  was 
attached  to  the  outlet,  but  so  that  the  level  of  the  point  of  discharge 
was  not  changed.  On  Sundays  the  filter  has  been  operated  continu- 
ously. With  the  exception  of  Sundays  several  samples  have  been 
taken  daily  for  bacterial  analysis  and  it  is  an  average  of  their  sev- 
eral results  which  appear  in  the  next  table.  The  only  ext^eption  tx> 
the  above  statement  has  occurred  when  the  filter  was  not  runnin*'. 
This  happened  from  May  14-18,  and  for  shorter  times  on  other 
occasions,  when  special  experiments  were  in  progress.  Again  in 
August  the  operation  was  interfered  with  for  several  days,  owing  to 
repairs  which  were  made.  In  the  period  from  May  14-18  the  surface 
remained  covered  with  water  but  it  was  uncovered  August  20-23. 

Statements  of  the  results  of  treatment  to  .relieve  clogging  from 
the  surface  accumulation  of  sediment  and  organic  matter  are  pre- 
sented for  reference  in  connection  with  the.  bacterial  results..  A 
summary  of  these  results  and  corresponding  results  for  all  of  the 
water  filters  has  been  given  above.  During  the  earlier  part  of 
the  year  the  filter  was  filled  from  below  with  eity  (filtered*)  water 
after  scraping,  as  was  noted  in  the  last  report.  In  most  instances 
during  the  remainder  of  the  year  the  river  water  has  been  applied 
as  usual  from  the  top  just  after  scraping. 

The  record  of  the  dates  on  which  the  surfkce  has  been  scraped, 
since  May  1,  together  with  the  depth  of  clogged  sand  removed,  is  as 
follows :  June  4,  0.4  inch ;  June  22,  0.2  inch ;  July  11,  0.15  inch ; 
July  25,  0.2  inch;  August  4,  0.4  inch;  September  21,  1.0  inch; 
October  3,  1.0  inch  ;  October  18,  1.0  inch ;  I^ovember  3,  1.0  inch ; 
November  13, 1.0  inch,  and  November  26, 1.0  inch.    After  scraping 
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it  has  been  the  general  custom  to  loosen  the  old  sand  to  a  depth  of 
about  one  inch  and  to  level  the  surface.  During  the  first  half  of  the 
year  new  sand  was  added  to  replace  that  scraped  ofiF;  but  this  prac- 
tice was  abandoned  during  the  latter  part  of  the  summer. 

The  surface  was  raked  to  a  depth  of  one  inch  to  relieve  clogging 
without  scraping,  on  the  following  dates :  August  31,  September  12 
and  27,  October  2,  9,  12,  17,  25  and  31,  November  2,  10,  17,  20 
and  24,  December  6,  12  and  17. 

On  November  28  the  surface  was  spaded  over  to  a  depth  of  6 
inches  for  the  purpose  of  investigation.  This  treatment  was  neces- 
sary in  order  to  continue  the  operation  of  the  filter  according  to  the 
regular  method. 


Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No.  3  B,  1894. 


DAT. 

M»y. 

June. 

Jnlj. 

AogiMt. 

8ept«iiib«r. 

OotobOT. 

NoTember. 

December. 

1,   .   .   .     40 

76 

67 

62 

24 

21 

8 

786 

8.   . 

40 

86 

60 

80 

- 

11 

8 

-. 

»,   . 

40 

- 

86 

14 

- 

120 

8 

660 

*.   . 

48 

278 

- 

84 

46 

887 

. 

846 

6,   - 

46 

180 

82 

- 

28 

84 

16 

880 

».   . 

- 

74 

88 

- 

28 

81 

28 

462 

7,   . 

66 

60 

84 

00 

16 

- 

40 

606 

8,   . 

71 

44 

- 

61 

188 

17 

126 

264 

9.   . 

68 

88 

20 

40 

- 

12 

206 

- 

10.   . 

02 

- 

88 

70 

16 

28 

110 

202 

11,   . 

48 

48 

828 

156 

60 

86 

- 

402 

12,   . 

60 

to 

160 

- 

82 

- 

102 

826 

18.   . 

- 

44 

82 

57 

78 

280 

488 

227 

14.   , 

»      i 

77 

68 

48 

80 

24 

- 

820 

206 

16»   , 

»      I 

> 

26 

- 

20 

26 

160 

450 

176 

1«,   . 

I      1 

- 

87 

62 

22 

- 

04 

201 

- 

17,   . 

» 

- 

- 

44 

- 

18 

66 

06 

147 

18, 

i 

106 

88 

62 

• 

24 

88 

- 

852 

1». 

i 

78 

82 

42 

• 

16 

27 

166 

76 

20. 

■ 

• 

81 

68 

• 

12 

80 

128 

78 

21, 

110 

40 

782 

• 

22 

• 

02 

66 

22, 

88 

76 

- 

• 

80 

20 

87 

28. 

• 

81 

164 

548 

260 

• 

82 

62 

24, 

48 

- 

878 

166 

26 

17 

60 

25. 

46 

1» 

80 

80 

00 

- 

- 

20, 

66 

71 

114 

- 

14 

240 

27 

27, 

- 

40 

61 

21 

10 

10 

172 

48 

«• 

187 

40 

00 

86 

16 

566 

- 

20, 

71 

86 

. 

20 

21 

- 

64 

80, 

188 

27 

86 

15 

• 

1.800 

- 

•1, 

60 

84 

28 

"" 

• 

02 
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MonUUy  Averages  of  Analj/tet  of  Effluent  of  Fitter  No.  3  B. 

[Parte  per  1M,000.] 


Quantity 

of 
Effluent 

Oaliont 

per  Acre 

Dally. 

TBHfSBA- 
TDKX. 

Deo.  F. 

^ 

AmioviA. 

1 

NirwMiv 

Ai 

1 

II 

SL 

A 
a 
O 

18M. 

i 

< 

S 

1 

< 

1 

s 

^1 

January,     . 

1,600,000 

86 

88 

.88 

.0021 

.0117 

.21 

.026 

.0000 

.86 

106 

194 

Febraary,   .       • 

1,46^,000 

84 

88 

.84 

.0018 

.0107 

.22 

.027 

.0000 

.86 

102 

197 

March*        .       . 

1,482,000 

S7 

87 

.40 

.0014 

.0006 

.16 

.018 

.0000 

.86 

108 

165 

April,  . 

1,861,000 

47 

48 

.86 

.0011 

.0000 

.16 

.020 

.0000 

.88 

101 

88 

May.    .       .       . 

1,881,000 

67 

66 

.84 

.0012 

.0103 

.17 

.032 

.0000 

.88 

06 

70 

June,  •       •       • 

2,016,000 

67 

67 

.84 

.0008 

.0009 

.14 

.031 

.0000 

.86 

80 

78 

Jaly,    . 

2,760,000 

n 

74 

.17 

.0007 

.0066 

.20 

.088 

.0000 

.10 

80 

49 

Augast, 

2,621,000 

74 

74 

.12 

.0004 

.0067 

.80 

.062 

.0000 

.18 

70 

17 

Boptember, . 

8,884,000 

67 

67 

.16 

.0004 

.0068 

.28 

.037 

.0000 

.10 

66 

21 

October,      • 

4,002,000 

68 

68 

.18 

.0007 

.0061 

.82 

.088 

.0000 

.21 

46 

28 

November,  • 

8,819,000 

44 

44 

.80 

.0027 

.0062 

.26 

.080 

.0000 

.88 

84 

107 

December, . 

8,672,000 

82 

88 

.80 

.0112 

.0104 

.26 

.021 

.0000 

.34 

- 

26 

Filter  No.  7  A. 

Id  July  sewage  Filter  No.  7  (sub-surface  application)  was  dug 
out  and  after  washing  the  uuder-drains  with  city  water,  2  feet  of 
sand  of  an  effective  size  of  0.26  millimeter  were  placed  in  the  tank. 
City  water  was  applied  from  below  on  the  Dight  of  July  20  and  after 
the  surface  was  covered  river  water  was  applied  and  has  been 
filtered  continuously  at  the  rate  of  2,000,000  gallons  per  acre  daily. 
On  September  6  the  outlet  was  trapped  so  as  to  prevent  the  lower 
foot  of  sand  from  draining  at  times  when  the  filter  was  allowed  to 
uncover  to  treat  the  surface. 

The  surface  was  raked  and  not  scraped  to  relieve  clogging.  It 
was  raked  on  September  19,  October  25,  November  27  and  Decem- 
ber 23.  After  raking  on  the  last  date  the  numbers  of  bacteria  in 
the  effluent  were  unusually  high  in  spite  of  the  fact  that  the  $lter 
was  filled  with  city  water  from  below  and  allowed  to  rest  over 
night.  The  diminution  in  efficiency  appears  to  have  been  caused  by 
frost  at  the  surface. 
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In  Aagast  the  filter  was  out  of  service  for  several  days.  From 
August  17-23  the  filter  was  allowed  to  rest  with  its  surface  covered 
with  water. 


Average  Daily  Numbers  of  Bacteria  per  Cubic  CenUmeter  in  Effluent  of  Filter 

No.  7  A,  1894, 


DAT. 

Jal7. 

Aaffwt. 

September. 

Oetober. 

Morenber* 

Deeember. 

1. 

- 

18 

48 

46 

80 

840 

«• 

- 

16 

- 

60 

21 

• 

8. 

- 

80 

- 

42 

18 

878 

4. 

- 

0 

U 

60 

- 

226 

•. 

- 

- 

8 

60 

26 

210 

«* 

- 

- 

7 

27 

41 

280 

T, 

- 

266 

60 

- 

84 

164 

8. 

- 

68 

260 

.   40 

110 

107 

•. 

- 

06 

- 

22 

260 

- 

10, 

- 

170 

- 

44 

127 

180 

11, 

- 

72 

114 

61 

- 

806 

12. 

- 

- 

16 

64 

106 

168 

18, 

- 

M6 

80 

46 

06 

101 

14. 

- 

646 

16 

- 

60 

128 

M, 

- 

810 

24 

46 

62 

200 

18. 

- 

270 

- 

46 

41 

- 

17, 

- 

- 

16 

80 

28 

140 

18. 

- 

- 

280 

10 

- 

88 

M, 

- 

- 

210 

10 

82 

28 

20. 

- 

- 

06 

18 

80 

28 

21, 

9.20O 

- 

260 

- 

48 

20 

22. 

- 

- 

64 

8 

20 

26 

28, 

8,200 

860 

- 

16 

18 

24, 

1.S0O 

148 

86 

22 

21 

2,660 

25. 

100 

88 

78 

80 

- 

- 

26, 

200 

- 

25 

20 

88 

466 

27, 

000 

120 

42 

26 

6.600 

660 

28, 

- 

04 

87 

- 

460 

- 

29, 

- 

76 

26 

20 

- 

- 

80, 

700 

71 

- 

17 

660 

• 

81, 

180 

67 

- 

24 

- 

- 
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llonMy  Average*  of  Analyaea  of  Effluent  of  Filter  No.  7  A. 

[Put*  per  100,000.] 


Qaentltj 

of 
Efflaent 

Oallont 

per  Acre 

DalJy. 

Tkmpbb- 

ATUBB. 
Db«.  F. 

1 

Ammonia. 

, 

Nitboobb 

A0 

■ 

a 

1 

1 

1 

1^ 

2 

9 

18M. 

il 

1 

i 

< 

1 

1 

n 

AogDitt        •       • 

1,100,000 

74 

78 

.19 

.0006 

.0002 

.26 

.015 

.0000  ' 

.20 

81 

so 

September, 

1,688,000 

67 

67 

.14 

.0004 

.0068 

.80 

.088 

.0002 

.19 

28 

6» 

October,      . 

1,9(»,000 

68 

67 

.20 

.0008 

.0090 

.82 

.087 

.0000 

.22 

24 

88 

KoTember,  • 

1,767,000 

44 

42 

.81 

.0018 

.0101 

.26 

.024 

.0000 

) 

.86 

62 

90 

December,  . 

2,180,000 

83 

82 

.80 

.0180 

.0118 

.26 

.021 

.0001  i 

1 

.85 

- 

S88 

Filter  No.  8  A, 

This  contiDuous  filter  17.3  feet  in  diameter  was  started  Sept.  26, 
1893,  and  like  Filter  No.  3B  has  contained  60  inches  in  depth  of 
sand  of  an  effective  size  such  as  is  found  in  a  portion  of  the  Law- 
rence city  filter.  In  the  last  report  of  the  Board,  page  511,  an 
account  will  be  found  of  the  results  of  operation  up  to  May  1,  1894, 
and  a  comparison  of  its  efficiency  with  that  of  its  intermittent  mate, 
Filter  No.  3  B. 

On  July  19  a  trap  was  attached  to  the  outlet  but  so  that  the  level 
of  the  poiut  of  discharge  was  not  changed.  The  trap  was  raised  on 
September  6  so  that  the  lower  foot  of  material  could  not  be  drained. 
The  rate  of  filtration  was  2,000,000  gallons  per  acre  daily  up  to 
July  20  when  it  was  permanently  increased  to  5,000,000  gallons. 
On  June  25  and  26  the  filter  was  operated  intermittently,  but  on  all 
other  occasions  the  surface  has  never  been  allowed  to  uncover 
except  for  scraping  or  raking  to  relieve  clogging. 

B.  prodigtosus  was  applied  from  December  5-15  and  the  most 
searching  tests  available  failed  to  reveal  the  presence  of  this  germ 
in  the  effluent.  The  number  of  applied  bacteria  of  this  species, 
however,  was  smaller  than  has  been  the  case  usually. 

The  dates  and  depths  of  surface  scraping  to  relieve  clogging  are 
as  follows:  June  2,  0.5  inch;  June  22,  0  2  inch;  July  11,  0.8 
inch;  July  24,  0.25  inch;  August  2,  0.2  inch;  August  16,  0.3 
inch;  October  12,  1.0  inch;  October  26,  1.0  inch;  November  15, 
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1.0  inch;  and  December  24,  1.0  inch.  From  May  to  November 
the  filter  was  filled  with  river  water  from  the  top  after  scraping ; 
daring  the  rest  of  the  year  it  was  the  custom,  as  a  rale,  to  fill  with 
city  (filtered)  water  from  below.  It  appears  that  frost  interfered 
with  bacterial  efficiency  at  the  time  of  scraping  on  December  24- 
New  sand  was  put  on  filter  to  replace  clogged  sand  at  the  time  of 
its  removal  up  to  September  1,  after  which  date  the  practice  was 
abandoned.  After  scraping  the  surface  of  the  old  sand  has  been 
raked  to  a  depth  of  about  one  inch  to  loosen  and  level  it. 

Surface  clogging  has  also  been  removed  by  raking,  without 
scraping,  to  a  depth  of  one  inch  on  September  7,  21  and  28, 
October  5,  25,  November  8,  18,  26  and  December  6. 

From  August  7  to  11  the  rate  of  filtration  was  reduced  from 
5,000,000  to  1,000,000  gallons  per  acre  daily,  owing  to  an  insuffi- 
cient supply  of  water.  On  August  16  the  filter  was  stopped  with 
the  surface  covered  with  water ;  the  water  was  allowed  to  drain  out 
on  August  20  and  the  filter  put  in  service  on  August  23. 


Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No.  8  A. 


ISM. 

DAT. 

May. 

JaiM. 

Jaly. 

Angiitt. 

Septmber. 

October. 

KOTWObtf. 

Dbcbmbkii. 

Water 

B.  Pro- 

Baoteria. 

dlgloaut. 

1.          .          . 

25 

28 

10 

19 

8 

11 

11 

3.       . 

26 

16 

14 

• 

. 

11 

11 

_ 

» 

»»     . 

26 

— 

11 

14 

. 

4 

1 

886 

„ 

4.        . 

81 

88 

• 

• 

16 

4 

. 

156 

„ 

6.       . 

27 

71 

16 

. 

14 

6 

2 

91 

0 

e.      . 

- 

87 

11 

40 

4 

2 

8 

100 

0 

7»     . 

28 

22 

27 

82 

9 

. 

• 

488 

0 

8.       . 

21 

80 

— 

13 

43 

6 

90 

677 

0 

9,       . 

22 

21 

8 

16 

. 

8 

171 

10.        . 

27 

. 

10 

7 

110 

8 

190 

462 

0 

11.       . 

87 

47 

46 

86 

44 

• 

- 

626 

0 

12.       . 

20 

20 

16 

- 

19 

870 

• 

406 

0 

W,        . 

. 

21 

9 

6 

28 

280 

840 

138 

0 

M.       . 

26 

88 

6" 

7 

11 

* 

98 

878 

0 

w.     . 

84 

87 

. 

16 

8 

102 

102 

744 

0 

18. 

27 

17 

8 

80 

* 

18 

406 

IT.       . 

— 

- 

16 

• 

1 

660 

188 

0 

18.        . 

28 

21 

9 

• 

14 

. 

101 

0 

1».        . 

80 

18 

12 

. 

66 

160 

40 

0 

20. 

— 

20 

68 

14 

8 

140 

162 

0 

81,        . 

81 

12 

1.281 

« 

6 

41 

180 

0 

M.        . 

28 

49 

- 

> 

10 

17 

99 

0 

M.        . 

23 

60 

978 

96 

. 

22 

87 

0 

84. 

23 

. 

1.800 

6ft 

16 

12 

26 

0 

». 

20 

66 

192 

26 

4 

. 

. 

M. 

28 

76 

168 

- 

10 

66 

229 

0 

«7. 

« 

60 

27 

11 

14 

26 

423 

0 

a. 

88 

48 

14 

6 

6 

206 

280 

0 

M. 

- 

21 

. 

6 

T 

. 

62 

0 

». 

• 

U 

6 

8 

. 

620 

. 

0 

81. 

68 

" 

" 

8 

" 

" 

20 

0 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  8  A. 

[PuU  par  100,000.] 


Qnanttty 

of 
BiBaent 

OelloDa 

per  Acre 

Daily. 

Tkmpbr- 

ATDRB. 

Dbo.  F. 

^•_ 

AmonA. 

Chlorine. 

KiTBOOBX 

A8 

1 

9 

1 

0 

1 

0 

1 

1 

m 

II 
2^ 

_2 

s 

1AM. 

Applied 
Water. 

1 
S 

i 

* 

< 

\ 

s 

II 

a 

January,     . 

1,702,000 

85 

88 

.87 

.0016 

.0115 

.21 

.060 

.0000 

.85 

88 

72 

February,   . 

1,602,000 

84 

88 

.82 

.0017 

.0106 

.22 

.081 

.0000 

.88 

89 

61 

March, 

1,820,000 

87 

d» 

.80 

.0016 

.0102 

.16 

.018 

.0000 

.84 

06 

71 

April, . 

1,826,000 

47 

47 

.82 

.0014 

.0087 

.25 

.021 

.0000 

.81 

85 

87 

May.    .       .       . 

1,501,000 

57 

60 

.80 

.0010 

.0006 

.16 

.082 

.0000 

.20 

70 

88 

Jane,  . 

1,«46,000 

67 

68 

.81 

.0009 

.0003 

.14 

.024 

.0000 

.82 

77 

41 

Jaly,    . 

2.054,000 

77 

74 

.16 

.0008 

.0064 

.90 

.025 

.0000 

.18 

87 

10 

Aagaat, 

2.784.000 

74 

76 

.14 

.0004 

.0061 

.29 

.088 

.0000 

.15 

SI 

11 

September, 

4.167.000 

67 

70 

.16 

.0002 

.0060 

.80 

.025 

.0002 

.90 

41 

n 

October, 

4,628,000 

58 

58 

.18 

.0004 

.0066 

.82 

.042 

.0000 

.20 

96 

1 

November, .       • 

8,812.000 

44 

48 

.81 

.0084 

.0106 

.26 

.020 

.0000 

.37 

70 

m 

December,  . 

3.580.000 

82 

88 

.80 

.0002 

.0110 

.26 

.018 

.0000 

.86 

- 

549 

Filter  No.  18  A. 

This  intermittent  filter,  20  inches  in  diameter,  was  started  Sept. 
17,  1889,  and  has  contained  sand  of  an  effective  size  of  0.48  milli- 
meter. During  the  latter  part  of  1893  the  filter  was  restored  to  its 
original  depth  of  62  inches.  In  the  last  report  of  the  Board,  page 
496,  a  summary  will  be  found  of  the  method  of  operation  during  its 
several  years  of  service.  It  has  always  been  operated  intermit- 
tently, although  the  procedure  has  varied  within  wide  limits. 

From  Dec.  8,  1893,  to  July  22,  1894,  this  filter  was  drained  and 
allowed  to  rest.  On  July  22  river  water  was  applied  from  the  top 
until  the  surface  was  covered.  Filtration  was  begun  on  July  23,  at 
a  rate  of  5,000,000  gallons  per  acre  daily.  The  method  of  allowing 
atmospheric  air  to  reach  the  pores  of  the  material  was  the  same  as  in 
the  case  of  intermittent  Filter  No.  3  B  after  June  6 ;  that  is,  the  sur- 
face was  allowed  to  remain  uncovered  for  two  hours  during  the  fore- 
noon. On  September  1  the  trap  was  raised  to  prevent  lower  foot 
of  material  from  draining. 
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The  surface  was  scraped  to  relieve  clogging  on  the  following 
dates:  September  1,  0.34  inch;  October  13,  1.43  inches;  and  No- 
vember 27,  1.43  inches.  New  sand  was  put  in  the  filter  only  on  the 
occasion  of  the  first  scraping.  Raking  to  a  depth  of  1  inch  to  relieve 
clogging  was  resorted  to  September  12,  October  11  and  17,  Novem- 
ber 15,  24  and  28. 

This  filter,  with  all  other  twenty-inch  in-door  filters,  accounts  of 
which  follow,  went  out  of  service  on  December  1,  when  chemical  and 
bacterial  analyses  of  the  filtering  materials  were  made,  with  results 
presented  on  page  601. 

During  the  last  two  months  of  operation  of  these  smaller  experi- 
mental filters,  Nos.  18  A-50,  B.  prodigiosus  was  applied  to  the  river 
water  which  was  filtered  by  them.  These  results  are  recorded  side 
by  side  with  the  ordinary  water  bacteria  in  the  case  of  each  filter, 
and  further  comment  on  them  appears  to  be  unnecessary  at  this  time. 

All  of  these  filters  mentioned  above,  furthermore,  have  been  filled 
with  river  water  from  the  top  after  scraping  and  put  in  operation  at 
once. 

Aver(tge  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No.  ISA, 


1S04. 

DAT. 

Jolj. 

Attffott. 

8«ptanber. 

j                 OOTOBKR. 

MOVBMBBB. 

Water 

B.  Pro- 

Water 

B.  Pro- 

Bacteria. 

dlflotua. 

Bacteria. 

dlgloaua. 

Jl      •                    •                     •                    •                    • 

. 

60 

114 

100 

. 

89 

0 

2;.          . 

« 

67 

• 

868 

6 

42 

0 

8,  . 

• 

46 

• 

250 

S 

43 

0 

<  . 

• 

47 

18 

461 

1 

• 

• 

6,  . 

. 

. 

10 

458 

1 

96 

1 

«.  . 

. 

116 

26 

617 

11 

166 

8 

T,.        . 

. 

06 

84 

.. 

- 

144 

2 

8,  . 

. 

02 

204 

648 

0 

184 

4 

0.  . 

• 

67 

_ 

154 

1 

162 

2 

10,  . 

• 

68 

20 

178 

s 

168 

8 

11.  .        . 

. 

41 

70 

290 

0 

. 

. 

12,  . 

• 

• 

72 

840 

1 

• 

. 

13,  . 

. 

86 

240 

2,750 

28 

186 

8 

14.  . 

• 

22 

148 

> 

« 

89 

2 

15,  . 

• 

40 

404 

. 

. 

140 

4 

16.  . 

. 

84 

. 

194 

a 

60 

0 

17,  .        , 

• 

168 

66 

186 

2 

87 

1 

1«,  . 

« 

160 

102 

179 

2 

. 

. 

M.  .        . 

. 

• 

121 

160 

1 

88 

1 

20,  .        . 

. 

160 

86 

132 

1 

26 

0 

21,  .        . 

• 

128 

75 

. 

. 

108 

0 

22,  .        , 

. 

113 

06 

60 

0 

82 

0 

23,  .        , 

18,600 

148 

. 

60 

0 

26 

0 

24,  .        . 

1.700 

100 

140 

68 

0 

20 

0 

25.  .        . 

1,100 

81 

50 

66 

1 

. 

. 

2«,  .        , 

850 

. 

131 

70 

0 

30 

0 

27.  .        , 

825 

66 

342 

76 

s 

26 

0 

28,  .        , 

66 

7% 

381 

— 

• 

118 

1 

»,  .        , 

. 

68 

297 

40 

0 

- 

. 

80;.        , 

,  I 

98 

170 

« 

61 

0 

460 

2 

81,  .        . 

16 

68 

" 

68 

0 

" 

— 
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Monthly  Averages  of  Analyiet  of  Effluent  of  Fitter  No.  18  A. 

[Part*  per  100,000.] 


Qnantlty 

of 
EfBaent. 

Oaltone 

per  Acre 

Daily. 

TXMPBI- 
ATUBS. 

DM.  r. 

1 

Ammoxia. 

NITBOOBX 

Aa 

1 

s 
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Filter  No.  33  A. 

This  continaoas  filter  was  started  April  28,  1892,  and  has  con- 
tained sand  of  an  effective  size  of  0.14  millimeter.  The  original 
depth  was  60  inches,  and  this  was  the  actual  depth  at  the  beginning 
of  the  past  year.  From  Dec.  8,  1893,  to  July  22,  1894,  the  filter 
was  drained  and  out  of  service.  On  July  22  the  filter  received  river 
water  until  the  surface  was  covered,  and  July  23  continuous  filtration 
was  begun  at  a  rate  of  2,000,000  gallons  per  acre  daily.  The  trap 
on  the  outlet  pipe  was  raised  on  September  1  so  that  the  lower  foot 
of  material  could  not  be  drained. 

The  dates  and  depths  of  scraping  to  relieve  clogging  are  as  fol- 
lows: September  17,  0.28  inch;  October  15,  0.36  inch;  November 
1,  0.31  inch;  November  15,  0.29  inch;  and  November  28,  0.48 
inch. 

The  rate  of  filtration  was  purposely  fluctuated  on  October  17,  23 
and  30.  On  November  7  the  gate  on  the  outlet  was  opened  wide  to 
allow  rate  of  filtration  to  reach  the  maximum  for  about  four  hours. 
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Average  Daily  Number  of  Bacteria  per  OtMc  Ceniimeier  in  Effluent  of  Filter 

No.  33  A. 
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Mdnthli/  Averages  of  Analyses  of  Effluent  ofFiUer  No.  33  A. 

[Part*  per  100,000.] 
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Filter  No.  38. 

This  contiDuous  filter  was  started  April  28,  1892,  and  has  con- 
tained sand  of  an  effective  size  of  0.20  millimeter.  At  the  beginning 
of  the  year  the  depth  was  20  inches.  From  Dec.  8,  1893,  to  May 
19,  1894,  the  filter  was  drained  and  out  of  service.  On  the  latter 
date  the  filter  was  filled  with  city  (filtered)  water  from  below.  The 
continuous  filtration  of  the  city  water  (double  filtration  of  the  Mer- 
rimack River  water)  was  begun  on  May  21,  at  a  rate  of  2,000,000 
gallons  per  acre  daily.  The  rate  of  filtration  increased  on  July  20  to 
3,000,000  gallons  per  acre  daily.  Application  of  city  water  ceased 
September  1,  and  after  that  date  ordinary  river  water  was  applied. 
On  this  date  also  the  trap  on  the  outlet  pipe  was  raised  to  prevent 
the  lower  foot  of  material  from  being  drained. 

The  dates  and  depths  of  scraping  are  as  follows:  July  17,  0.20 
inch;  September  3,  0.23  inch;  September  25,  0.21  inch;  October 
8,  0.19  inch;  October  20,  0.25  inch;  October  26,  0.50  inch;  No- 
vember 2,  0.32  inch ;  November  12,  0.32  inch ;  November  19,  0.41 
inch ;  and  November  26,  0.39  inch.  On  the  first  four  occasions  new 
sand  was  added  to  replace  that  removed  by  scraping. 

The  rate  of  filtration  was  fluctuated  on  October  23,  November  5 
and  9. 

The  number  of  bacteria  in  the  applied  city  (filtered)  water  will  be 
found  in  a  table  beyond. 
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Average  Daily  Number  of  Bacteria  per  (M>ie  Centimeter  in  Effluent  of  Filter 

No.  38. 
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Monthly  Averages  ofAnalysei  ofEffluttU  of  Filter  No.  38. 

[ParU  p«r  100,000.] 
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Filter  No.  41. 

This  intermittent  filter,  a  duplicate  of  continuous  Filter  No.  33  A, 
was  started  May  9,  1892,  and  has  contained  sand  of  an  effective  size 
of  0. 14  millimeter.  The  method  of  intermittent  operation  has  been 
the  same  as  for  all  other  intermittent  filters,  namely,  a  period  of  two 
hours  for  the  surface  to  be  uncovered. 

From  Dec.  8,  1893,  to  July  20,  the  filter  was  drained  and  out  of 
service.  On  the  latter  date  river  water  from  the  canal  was  applied 
to  the  filter  from  the  top,  and  filtration  was  begun  at  a  rate  of 
2,000,000  gallons  per  acre  per  day.  The  trap  was  raised  Sep- 
tember 1,  to  prevent  the  lower  foot  of  material  from  draining.  It 
is  doubtful  whether  this  makes  any  difference  whatever  in  this  case, 
as  the  material  is  so  fine  that  there  is  a  saturated  layer  of  consider, 
able  depth  due  to  capillarity. 

The  dates  and  depths  of.  scraping  to  relieve  clogging  are  as  fol- 
lows :  September  14,  0.33  inch  ;  October  2,  0.28  inch ;  October  17, 
0.25  inch  ;  October  25,  0.41  inch ;  November  1,  0  30  inch  ;  Novem- 
ber 12,  0.39  inch;  November  17,  0.43  inch;  and  November  24, 
0.31  inch.  New  sand  was  added  to  replace  the  clogged  material  on 
the  first  two  occasions. 
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Average  Number  of  SaeUria  per  Oubie  Centimeter  Daily  in  Effluent  of  Filler 

No.  41. 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  41. 

[Parts  p*r  100,QO0.J 
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Filter  No.  42. 

This  continuous  filter  was  started  Oct.  29,  1892,  and  has  con- 
tained sand  of  an  eflfective  size  of  0.20  millimeter.  The  depth  has 
been  less  than  10  inches. 

From  Dec.  8,  1893,  to  April  6,  1894,  the  filter  was  drained  and 
out  of  service.  Several  times  during  April  this  filter  was  used  in 
the  study  of  special  points,  and  it  was  not  until  the  early  part  of 
May  that  city  (filtered)  water  was  regularly  applied  and  teeted. 
The  operation  was  continuous  and  the  rate  of  filtration  was  3,000,000 
gallons  per  acre  daily. 

River  water  was  applied  beginning  September  1,  when  the  trap 
was  raised  to  a  height  of  1  foot  above  the  top  of  the  under-drain. 

The  dates  and  depths  of  scraping  are  as  follows :  May  29,  0.25 
inch;  July  5,  0.19  inch;  July  31,  0.21  inch;  September  3,  0.19 
inch;  September  18,  0.19  inch;  November  10,  1.09  inches;  and 
November  28,  1.38  inches.  New  sand  was  put  in  to  replace  clogged 
material  on  the  first  two  occasions. 

Clogging  at  the  surface  was  removed  by  raking  to  a  depth  of 
1  inch  on  the  following  dates:  September  29,  October  11,  24  and 
29,  November  3,  8,  13,  19,  23  and  26. 

The  rate  of  filtration  was  fluctuated  October  19,  23  and  26. 
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Average  DaUy  Number  of  BtKteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No.  42. 
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Monthly  Averages  of  Anaiyiet  of  Effluent  of  Filter  No.  42. 

[Part*  per  100,000.] 
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Jane,  .       • 

8,040,000 

07 

00 

.38 

.0010 

.0078 

.10 

.080 

.0000 

.22 

68 

W 

July,   . 

8,000,000 

77 

00 

.16 

.0014 

.0070 

.22 

.066 

.0000 

.17 

47 

S3 

Augnet,       •       • 

8,040,000 

74 

71 

.00 

.0010 

.0060 

.80 

.066 

.0000 

.11 

40 

U 

Beptember, 

2,000,000 

87 

06 

.08 

.0004 

.0060 

.84 

.080 

.0000 

.18 

46 

18 

Ootober,      • 

8,000,000 

68 

60 

.28 

.0007 

.0060 

.20 

.084 

.0000 

.20 

60 

U 

Kovember, . 

2,880,000 

44 

41 

.88 

.0040 

.0120 

.24 

.010 

.0000 

.41 

78 

Itt 

Filter  No.  43. 

This  continuons  filter  was  started  May  20,  1893,  and  has  con- 
tained  sand  of  an  effective  size  of  0.26  millimeter.  The  depth  at 
the  beginning  of  the  year  was  60  inches. 

This  filter  was  out  of  service  from  Dec.  8, 1893,  to  July  19, 1894, 
when  it  was  filled  from  the  top  with  river  water.  Continuous  filtra- 
tion of  the  river  water  was  begun  and  continued  at  a  rate  of  5,000,000 
gallons  per  acre  daily.  On  September  1,  the  trap  was  raised  to  a 
height  of  12  inches  above  the  top  of  the  under-drains. 

The  dates  and  depths  of  scraping  of  the  surface  are  as  follows: 
August  7, 0.39  inch;  August  27,0.27  inch;  September  5,  0.31  inch; 
September  12,  0.24  inch;  October  13,  1.46  inches;  and  November 
24,  1.42  inches.  New  sand  was  put  back  into  the  filter  on  the  first 
four  occasions. 

Raking  to  a  depth  of  1  inch  to  relieve  clogging  occurred  on  Septem- 
ber 25,  October  4,  12  and  22,  November  12,  17,  22  and  26. 

The  rate  of  filtration  was  fluctuated  on  October  17  and  23  and 
November  9. 
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Average  DaUy  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No.  43. 


1804. 

DAT. 

Jnly. 

Aofuit. 

8«pt«iDber. 

OOTOBIB. 

NOVKMBBB. 

Water 

Bttcterlm. 

B.  Pro- 

digloaat. 

Water 
BaeterUu 

B.  Pro- 
diKiotoa. 

1.         .          .          . 

- 

80 

64 

70 

• 

60 

0 

s.     . 

- 

17 

- 

74 

0 

61 

0 

8, 

- 

17 

- 

102 

0 

42 

0 

4.       . 

- 

12 

87 

60 

0 

- 

- 

6.       . 

- 

- 

22 

246 

0 

86 

2 

«» 

- 

288 

60 

- 

- 

186 

6 

»• 

- 

100 

88 

728 

11 

146 

6 

8,      . 

- 

100 

86 

278 

4 

162 

6 

•. 

- 

84 

- 

196 

8 

186 

2 

10,       . 

- 

88 

- 

1.274 

11 

- 

- 

11.      . 

- 

28 

120 

1,184 

4 

- 

- 

y% 

- 

- 

140 

2.000 

40 

- 

- 

IS.      . 

- 

16 

80 

8,040 

78 

211 

14.       . 

- 

20 

180 

- 

- 

46 

».    . 

- 

12 

206 

- 

- 

110 

16.       . 

- 

860 

- 

280 

0 

70 

17.       . 

- 

18 

44 

210 

0 

810 

18.       , 

- 

17 

68 

161 

1 

- 

1».       - 

sa,ooo 

- 

78 

204 

4 

82 

20.      . 

5.000 

22 

100 

160 

8 

84 

21.       . 

8,400 

24 

86 

- 

- 

81 

M.       . 

- 

28 

48 

180 

0 

840 

28.      . 

700 

82 

- 

67 

0 

60 

24,       . 

1,600 

17 

76 

104 

1 

68 

26,       . 

- 

17 

lU 

61 

1 

- 

28.       . 

800 

- 

182 

66 

0 

270 

27,       , 

100 

21 

241 

67 

0 

141 

28,       . 

81 

10 

286 

- 

- 

ISO 

2». 

- 

21 

280 

84 

0 

- 

- 

30,      . 

80 

6 

- 

22 

1 

680 

8 

81. 

42 

22 

- 

62 

0 

- 

- 

678 


STATE  BOARD  OF  HEALTH.         [Pab.  Doc. 


Monthly  Averages  of  Analyaes  0}  Effluent  of  Filter  No.  43. 


[Parte  per  100,000.] 

Quftotity 

of 
Effluent. 

Oaliona 

p«r  Acre 

Dalij. 

Tbmpbb- 

ATUBB. 

DB«.r. 

1 

AmioviA. 

3 

NlTBOOBH 
AS 

• 

1 

s 

e 

a 

1 
s 

Per  Cent,  of  DU- 
•olved  Oxygen. 

o 

Z 
a 

1M4. 

Applied 
Water. 

1 

1 

a 

0 

• 

1 

1 

^1 

«  s 

«  a 

July,   . 

5,000,000 

7T 

81 

.26 

.0030 

.0190 

.20 

.046 

.0008 

.27 

15 

1,450 

Aagoat,      • 

4,800,000 

74 

74 

.15 

.0004 

.0076 

.80 

.026 

.0001 

.17 

15 

80 

September, . 

4,000,000 

67 

71 

.18 

.0004 

.0062 

.80 

.030 

.0001 

.10 

4 

76 

October, 

4,080,000 

68 

58 

.28 

.0007 

.0102 

.26 

.020 

.0000 

.87 

42 

156 

November, . 

4,880,000 

44 

41 

.40 

.0014 

.0112 

.28 

.026 

.0000 

.48 

71 

80 

FiLTEB  No.   44. 

This  continuous  filter  was  started  May  20, 1893,  and  has  contained 
sand  of  an  efifective  size  of  0.29  millimeter.  At  the  beginning  of  the 
year  the  depth  was  60  inches. 

From  Dec.  8,  1893,  to  July  19,  1894,  this  filter  was  out  of  ser- 
vice. Beginning  on  the  latter  date  this  filter  received  river  water 
continuously  at  a  rate  of  7,500,000  gallons  per  acre  daily.  On 
September  1,  the  trap  on  the  outlet  was  raised  to  a  height  of 
1  foot  above  the  top  of  the  under-drains. 

The  dates  and  depths  of  scraping  are  as  follows :  August  7,  0.32 
inch;  August  21,  0.26  inch;  August  25,  0.21  inch;  September  12, 
0.12  inch;  September  22,  0.26  inch;  September  25,  0.85  inch; 
October  2,  1.48  inches;  October  12,  0.50  inch;  October  13,  2.63 
inches;  October  25,  0.52  inch;  November  1,  0.43  inch;  Novem- 
ber 10,  0.47  inch;  November  14,  0.51  inch;  November  17,  0.56 
inch ;  November  22,  0.55  inch  ;  and  November  26,  0.60  inch.  New 
sand  was  not  put  into  the  filter  after  October  1. 

The  filter  was  raked  to  a  depth  of  1  inch  on  August  29. 

The  rate  of  filtration  was  fluctuated  on  October  17,  24  and  81. 
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FILTRATION  OF  WATER. 
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Average  Daily  Number  oj  Bacteria  per  Cubie  Centimeter  in  Effluent  of  Filter 

No.  44. 


1M4. 

DAT. 

JdIj. 

Aogut 

Se^ember. 

OOTOBSa. 

KOVBMBKB. 

Water 

Bacterlm. 

B.Pro- 

dlylosui. 

Water 
Bacteria. 

B.  Pro- 
dlgloaoa. 

1,        .         . 

- 

20 

16 

106 

- 

80 

0 

«,        . 

- 

20 

- 

816 

4 

26 

s,     . 

- 

22 

- 

602 

4 

22 

4.      . 

- 

10 

26 

878 

8 

- 

6. 

- 

- 

12 

1,680 

28 

42 

^ 

- 

160 

62 

260 

6 

64 

T. 

- 

262 

18 

- 

- 

66 

«. 

- 

84 

82 

100 

0 

70 

»,      . 

- 

10 

- 

108 

1 

48 

lO, 

- 

14 

- 

840 

4 

104 

11.       . 

- 

le 

48 

»B7 

2 

- 

12,      . 

- 

- 

41 

- 

•• 

66 

18,       . 

- 

10 

02 

1,760 

27 

76 

M.      . 

- 

n 

77 

- 

- 

60 

15.      . 

- 

10 

106 

270 

12 

68 

M,      . 

- 

14 

- 

180 

6 

82 

17,      . 

- 

200 

67 

180 

8 

60 

18,       . 

- 

11 

60 

78 

0 

- 

»,       . 

89,500 

- 

80 

67 

0 

76 

».      . 

10.200 

17 

40 

66 

0 

24 

21.       . 

8,400 

0 

46 

- 

- 

27 

22. 

- 

14 

80 

88 

0 

46 

23,       . 

1,100 

14 

- 

82 

0 

14 

24, 

400 

18 

106 

26 

0 

27 

2*.       < 

800 

88 

66 

41 

0 

- 

2«,       . 

800 

- 

181 

40 

0 

80 

2T,      , 

500 

80 

108 

40 

8 

14 

28, 

60 

20 

SM 

- 

- 

42 

2», 

•■ 

40 

170 

44 

0 

- 

- 

80, 

60 

10 

- 

21 

0 

166 

2 

81. 

60 

28 

- 

20 

0 

- 

- 

680 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


Monthly  Averagu  ofAnalytea  of  Effluent  ofFOterNo.  44. 

[Put*  p«r  100,000.] 


Quantity 

of 
EffloenL 

Oellone 

per  Acre 

Dally. 

Tbmpbb- 

ATUBB. 
Dbo.  F. 

1 

Ammovu. 

• 

1 
.20 

NiTBOGBM 
AS 

1 

1 

1 

Is 

II 

Bacteria  per  Cnbic  1 
Centimeter.             | 

1M4. 

Applied 
Water. 

«3 

H 

1 

1 

1 

i 

i 

July,    . 

7,480,000 

n 

88 

.28 

.0064 

.0121 

.048 

.0002 

.27 

- 

2,900 

Aagutt, 

7,400,000 

74 

76 

.16 

.0004 

.0073 

.80 

.020 

.0000 

.17 

18 

88 

September, . 

7,400,000 

07 

71 

.10 

.0002 

.0048 

.80 

.081 

.0000 

.10 

• 

28 

October,      . 

7,840,000 

• 

68 

67 

.80 

.0008 

.0007 

.20 

.028 

.0000 

.87 

88 

146 

NoTember, . 

7,840,000 

44 

42 

.41 

.0080 

.0120 

.80 

.027 

.0000 

.44 

78 

45 

Filter  No.  45. 

This  intermittent  filter  was  started  July  10,  1893,  and  has  con- 
tained sand  of  an  eflfective  size  of  0.23  millimeter.  The  normal 
depth  is  60  inches. 

From  Dec.  8,  1893,  to  July  20,  the  filter  was  oat  of  service. 
Since  the  latter  date  rirer  water  has  been  filtered  at  a  rate  of  5,000,000 
gallons  per  acre  daily  after  the  regular  method  of  operation  of  inter- 
mittent filters  described  on  the  foregoing  pages.  The  height  of  the 
trap  was  raised  12  inches  above  the  top  of  the  under-drains  on 
September  1. 

The  dates  and  depths  of  scraping  are  as  follows :  August  14, 0.38 
inch;  September  3,  0.30  inch;  September  17,  1.27  inches;  and 
November  10,  1.14  inches.  New  sand  was  put  into  the  filter  only 
on  the  occasion  of  the  first  scraping. 

The  surface  was  raked  to  a  depth  of  1  inch  on  the  following  dates : 
September  4,  14  and  22,  October  3,  9,  19  and  26,  November  1,  8, 
13,  17,  20,  23,  26  and  29. 
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Average  Daily  Number  of  Bacteria  per  Oubio  Centimeter  in  Effluent  of  Filter 

No.  46. 


1804. 

DAT. 

July. 

▲ugnst. 

BeptoOBber. 

OOTOBIB. 

KOYBMBKI. 

Water 
BaeUite. 

B«  Pro- 

dlglMOf. 

Water 
Bacteria. 

B.  Pro- 

dicloiiu. 

1. 

• 

- 

10 

14 

64 

• 

60 

1 

s. 

•        < 

- 

0 

- 

174 

86 

1 

Sp 

• 

- 

0 

- 

110 

20 

0 

4. 

•        1 

- 

16 

20 

400 

- 

- 

ft. 

1        < 

- 

- 

18 

870 

88 

0 

6, 

•        1 

• 

66 

20 

166 

61 

0 

h 

•        < 

- 

40 

46 

- 

64 

0 

•.      . 

1        1 

- 

26 

68 

00 

160 

4 

«. 

»        1 

- 

18 

- 

168 

110 

0 

10. 

•        1 

- 

20 

T4 

187 

- 

- 

11,      . 

>        < 

- 

28 

140 

684 

- 

- 

12,      . 

1        I 

- 

- 

87 

420 

180 

2 

18,      , 

1        1 

- 

16 

82 

820 

260 

11 

M,      . 

1        t 

- 

88 

84 

- 

860 

It 

15.       « 

1        • 

- 

16 

214 

216 

210 

8 

!••      . 

• 

- 

18 

- 

164 

06 

8 

IT.       . 

• 

- 

12 

47 

168 

170 

0 

18.       . 

• 

- 

24 

80 

188 

- 

- 

M,       . 

• 

- 

« 

61 

186 

60 

0 

80.      . 

• 

10.000 

17 

82 

188 

70 

1 

2t.      . 

• 

2.200 

10 

84 

- 

86 

0 

22.      . 

■ 

- 

7 

60 

47 

86 

0 

28,       . 

■ 

eoo 

21 

- 

42 

68 

0 

«•       . 

« 

400 

22 

76 

88 

46 

1 

26.       . 

• 

000 

11 

62 

88 

- 

- 

26.       . 

• 

600 

- 

28 

60 

00 

1 

2T.       . 

• 

800 

17 

106 

06 

48 

1 

28.       . 

■ 

M 

8 

64 

- 

28 

0 

29.       . 

• 

- 

8 

42 

62 

- 

- 

80.       . 

• 

u 

8 

- 

46 

210 

0 

81.       . 

• 

16 

8 

- 

48 

- 

- 

682 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


Monthly  Averages  of  AruUytes  of  Effluent  of  Filler  No.  45. 

[PuU  p«r  100,000.] 


Qoantlty 

of 
EiBaeDt. 

Oallone 

per  Acre 

DaUj. 

TSXPBI- 
ATUBX. 

Dsa.  r. 

IS 

I 

AMMOiru. 

i 

I 

NiTBOOBH 

• 

Per  Gent    of  IHi- 
■olved  Oxyjten. 

r  Cubic 

r. 

18M. 

Applied 
Water. 

1 

i 

1 

• 

S 

|5 

Jaly,   .       •       . 

6,000,000 

7T 

81 

.22 

.0006 

.0104 

.21 

.027 

.0000 

.20 

42 

100 

Aaguat, 

6,100,000 

74 

76 

.10 

.0008 

.0078 

.80 

.020 

.0000 

.18 

68 

24 

September, . 

4,080,000 

67 

70 

.10 

.0004 

.0064 

.80 

.048 

.0000 

.10 

62 

28 

October,     . 

4,700,000 

68 

60 

.80 

.0006 

.0090 

.26 

.081 

.0000 

.88 

66 

88 

November, . 

4,680,000 

44 

41 

.44 

.0062 

.0124 

.20 

.024 

.0000 

.44 

81 

2T0 

Filter  No.  46. 

This  continuous  filter  was  started  Aug.  21 ,  1893,  and  has  con- 
tained sand  of  an  effective  size  of  0.29  millimeter.  The  normal 
depth  has  been  1 2  inches. 

From  Dec.  8,  1893,  to  May  19,  1894,  the  filter  was  out  of  ser- 
vice, and  on  the  latter  date  was  filled  with  city  (filtered)  water  from 
below.  Beginning  May  21,  this  filtered  water  was  applied  to  the 
filter  until  September  1.  The  rate  of  titration  was  2,000,000 
gallons  per  acre  daily  up  to  June  29 ;  on  June  29  and  30  it  was 
500,000  gallons ;  and  after  July  1  it  was  2,500,000  gallons. 

On  and  after  September  1  river  water  was  applied  to  this  filter, 
and  on  this  date  the  trap  was  raised  to  12  inches  above  the  under- 
drains. 

The  dates  and  depths  of  scraping  are  as  follows :  July  18,  0.30 
inch;  September  3,  0.24  inch;  October  2,  0.32  inch;  October  26, 
0.42  inch;  November  2,  0.32  inch;  November  12,  0.43  inch; 
November  19,  0.49  inch;  and  November  26,  0.53  inch.  No  new 
sand  was  added  after  October  2. 

The  rate  of  filtration  was  fluctuated  on  October  12  and  24,  and 
November  5. 
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Average  Daily  Number  of  Bacteria  per  Ouiie  OerUimeter  in  Effluent  of  Filter 

No.  46. 


18*4. 

M«7. 

June. 

JULT. 

AnoniT. 

SftPTBMBBI. 

OOTOBBB. 

NOVKMBKB. 

DAT. 

^1 

•a 

4 

ll 

1<( 
.8 

1^ 

I, 

.1 

1 

lit 

^^8 

n  ! 

si 

a-| 

1.   . 

- 

402 

20 

• 

U 

18 

6 

0 

66 

- 

10 

%        - 

- 

044 

28 

- 

- 

- 

- 

- 

170 

- 

17 

s.  . 

- 

- 

80 

- 

- 

18 

18 

0 

166 

- 

28 

4,   . 

- 

881 

- 

7 

6 

22 

0 

120 

- 

- 

«•   . 

- 

406 

86 

- 

- 

- 

24 

0 

62 

- 

60 

«b   . 

- 

218 

08 

26 

43 

16 

27 

0 

46 

- 

140 

T.   . 

- 

227 

40 

20 

22 

10 

14 

0 

- 

- 

120 

8,   . 

- 

166 

- 

- 

20 

12 

16 

0 

60 

- 

140 

»•   . 

- 

178 

40 

22 

12 

4 

- 

- 

66 

180 

10.  . 

- 

- 

60 

168 

20 

0 

- 

- 

221 

880 

11,   . 

- 

100 

06 

116 

16 

4 

- 

- 

76 

- 

M,   . 

- 

118 

86 

126 

- 

- 

81 

0 

221 

68 

U.   . 

- 

108 

42 

82 

86 

6 

42 

0 

100 

800 

10 

M, 

- 

80 

22 

80 

10 

8 

84 

0 

- 

480 

!«• 

- 

67 

- 

- 

16 

8 

60 

0 

68 

280 

!«•   . 

- 

60 

86 

64 

22 

6 

- 

- 

80 

120 

n,  . 

- 

- 

71 

84 

U 

8 

18 

0 

90 

80 

18,  , 

- 

47 

64 

86 

27 

0 

80 

0 

0 

- 

!»•   . 

- 

66 

80 

28 

- 

- 

20 

0 

8 

80 

20.   . 

- 

72 

48 

24 

14 

4 

22 

0 

6 

00 

21.   . 

Id2,000 

00 

66 

16 

100 

6 

18 

0 

- 

- 

00 

22,   . 

14,800 

40 

- 

- 

12 

0 

48 

0 

11 

0 

44 

28, 

6,700 

41 

60 

17 

0 

0 

- 

- 

10 

0 

26 

2*. 

8,200 

- 

80 

86 

168 

0 

60 

0 

8 

0 

62 

2», 

4,«)0 

46 

17 

103 

18 

0 

14 

0 

11 

0 

- 

26, 

- 

82 

14 

28 

- 

- 

180 

0 

21 

0 

78 

ar. 

- 

88 

28 

21 

7 

2 

116 

0 

62 

0 

86 

28,   . 

TOO 

88 

12 

16 

6 

0 

106 

0 

- 

- 

i   60 

1 

20, 

1,000 

28 

- 

- 

10 

0 

110 

0 

24 

0 

1 

- 

80, 

492 

86 

20 

42 

88 

0 

- 

- 

6 

0 

07 

1 

81, 

612 

- 

06 

6 

8 

0 

- 

- 

8 

0 

- 

684 


STATE  BOAED  OF  HEALTH.         [Pub.  Doc. 


Monthly  Averagu  of  Analyset  of  Effluent  of  FiUxr  No.  46. 

[PuU  par  100,000.] 


Quantity 

of 
Effluent 

Oallont 

per  Acre 

DaUy. 

TmpBS- 

ATuaa. 

Dbo.  F. 

^% 

Amxovia. 

i 

NlTBOOBV 
MM 

• 

§ 

• 

1 

1 

o 

■ 
• 

II 

1 

s 

m  a 

1894. 

it 

< 

1 

1 

j 

m 

1 

1 

May,    .       .       . 

2,020,000 

67 

62 

.28 

.0010 

.0106 

.24 

.088 

.0002 

.22 

" 

8,400 

Jnoe,  . 

1,040,000 

67 

60 

.26 

.0010 

.0002 

.10 

.087 

.0000 

.24 

66 

180 

Jaly,    . 

2,480,000 

T7 

70 

.16 

.0007 

.0081 

.22 

.088 

.0000 

.17 

40 

10 

Auguet, 

2,640.000 

74 

70 

.00 

.0006 

.0068 

.80 

.087 

.0000 

.11 

41 

86 

September, 

2,320,000 

67 

06 

.08 

.0002 

.0062 

.88 

.081 

.0000 

.18 

48 

03 

October, 

2,480,000 

68 

66 

.24 

.0006 

.0086 

.20 

.081 

.0000 

.20 

40 

28 

November, . 

2,260,000 

44 

41 

.84 

.0027 

.0107 

.24 

.021 

.0000 

.43 

77 

110 

Filter  No.  47. 

This  iDteimittent  filter  was  started  Sept.  9,  1893,  and  has  con- 
tained sand  of  an  effective  size  of  0.29  millimeter.  The  normal 
depth  is  60  inches. 

No  water  was  applied  to  this  filter  after  draining  on  Dec.  8, 1893, 
until  July  20,  1894,  when  river  water  was  applied  at  the  top ;  after 
filling  the  filter  with  water,  filtration  was  begun  at  the  normal  rate 
of  7,500,000  gallons  per  acre  daily.  The  method  of  operation  was 
the  same  as  for  the  other  intermittent  filters  during  this  period. 
On  September  1,  the  trap  was  raised  12  inches  above  the  under- 
drains. 

The  dates  and  depths  of  scraping  are  as  follows :  August  2,  0.44 
inch;  August  16,  0.24  inch;  August  24,  0.25  inch;  September  5, 
1  inch  ;  September  24,  0.34  inch ;  September  26, 1.94  inches  ;  Octo- 
ber 9,  0.33  inch;  October  12,  0.18  inch;  October  13,  3.31  inches; 
October  19,  0.48  inch;  October  26,  0.37  inch;  October  30,  0.28 
inch;  November  6,  0.41  inch;  November  12,  0.42  inch;  November 
15,  0.44  inch;  November  17,  1.18  inches;  November  19,  1.21 
inches  ;  November  24,  0.28  inch ;  and  November  28, 0.57  inch.  No 
new  sand  was  added  after  October  9. 

The  surface  was  raked  to  a  depth  of  1  inch  on  August  29,  and 
0.5  inch  on  September  14. 
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Average  Daily  Number  of  Baeteria  per  Cubic  OetUimeter  in  Effluent  of  FiUer 

No.  47. 


ISM. 

DAT. 

July. 

Aagntt 

8«ptomb«r. 

OOTOBUL 

KOTBHBIB. 

Water 
Bacteria. 

B.  Pro- 
dlgloaaa. 

Water 
Bacteria. 

B  Pro- 
dlgtoauf. 

1. 

» 

- 

13 

44 

200 

- 

28 

0 

«. 

• 

- 

135 

- 

187 

81 

». 

■ 

- 

86 

- 

128 

33 

*. 

> 

- 

40 

8 

250 

- 

ft. 

» 

- 

- 

86 

172 

10     . 

% 

» 

- 

100 

88 

850 

150 

T. 

> 

- 

180 

67 

- 

270 

8. 

> 

- 

106 

67 

141 

810 

»• 

> 

- 

46 

• 

151 

180 

10, 

■ 

- 

50 

102 

74 

- 

11. 

• 

- 

40 

160 

2,800 

- 

12. 

> 

- 

5S 

1,600 

212 

13. 

» 

- 

24 

64 

2,084 

10 

410 

M, 

• 

- 

18 

26 

- 

145 

15. 

• 

- 

10 

816 

440 

80 

16.       . 

• 

- 

60 

206 

02 

IT,       . 

t        * 

- 

40 

81 

180 

270 

18,       , 

»        < 

- 

20 

66 

88 

•- 

».       . 

>        < 

- 

- 

88 

140 

560 

20,      . 

• 

86.000 

26 

48 

100 

880 

«.       . 

>        t 

6.300 

10 

62 

- 

830 

22,       . 

)        I 

- 

10 

61 

88 

116 

23,       . 

< 

2.200 

16 

- 

41 

06 

2*.       . 

>        « 

1,000 

64 

46 

48 

70 

25,       . 

• 

700 

40 

64 

44 

- 

26,       . 

t 

150 

- 

406 

68 

140 

2T.       . 

• 

200 

16 

261 

116 

103 

28,       . 

• 

58 

14 

468 

- 

280 

29,       . 

• 

- 

50 

272 

82 

- 

80,       . 

>       • 

26 

50 

- 

07 

840 

31,       . 

• 

28 

26 

- 

62 

- 

m 
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STATE  BOAED  OF  HEALTH.         [Pub.  Doc. 


Monthly  Averaget  of  Analytea  of  Effluent  of  Filter  No.  47. 

[ParU  par  100,000.] 


Qmntlty 

of 
Efflaent 

QAlIona 
per  Acre 

TSMPBI- 
▲TUBS. 

Dbo.  F. 

1 

▲MMOaiA. 

2 

KlTBOOBV 

1 

a 

2^ 

1 

1894. 

•< 

1 

8 

1 

• 

1 

S 

1 

3 
P 

Jaly.   . 
Aoyast, 
Beptember, . 
Ootober,      . 
Noyeraber, . 

7,000.000 
7.000,000 
6,000,000 
6,800.000 
6,280,000 

77 
74 
07 
68 
44 

80 
74 
70 
68 
44 

.S4 
.17 
.10 
.20 
.86 

.0002 
.0004 
.0004 
.0006 
.0014 

.0068 

.oon 

ft 

.0066 
.0001 
.0186 

.21 
.80 
.80 
.26 
.26 

.027 
.026 
.068 
.041 
.028 

.0002 
.0000 
.0000 
.0000 
.0000 

.26 
.10 
.10 
.86 
.44 

66 

67 
66 

70 

400 

24 

01 

104 

Filter  No.  48. 

This  filter  was  started  on  Sept.  9,  1893,  and  has  contained  sand 
of  an  effective  size  of  0.38  millimeter.  The  normal  depth  is  60  inches. 
In  1893  it  was  operated  intermittently. 

From  Dec.  8,  1893,  to  May  26,  1894,  the  filter  was  out  of  service. 
On  the  latter  date  it  was  filled  with  city  (filtered)  water  from  below. 
Beginning  on  May  28,  it  filtered  this  city  water  up  to  October  25, 
when  river  water  was  regularly  supplied  for  the  remainder  of  the  sea- 
son. During  the  month  of  June  it  was  operated  intermittently  in  the 
regular  manner ;  for  the  rest  of  the  time  the  operation  was  con- 
tinuous. Up  to  July  1,  the  rate  of  filtration  was  2,000,000  gallons 
per  acre  daily ;  July  1  to  October  15,  it  was  2,500,000  gallons ;  and 
on  the  latter  date  it  was  doubled.  The  trap  was  raised  in  the  same 
way  as  in  the  case  of  the  other  filters. 

The  dates  and  depths  of  scraping  are  as  follows :  October  25, 
0.44  inch;  November  12,  2.38  inches;  November  13,  2.58  inches; 
November  17,  1.39  inches ;  and  November  19,  2.64  inches.  No  new 
sand  was  put  in  the  filter  after  scraping. 

Fluctuations  in  the  rate  of  filtration  occurred  on  October  12  and 
26y  and  on  November  27. 
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Average  Daily  Number  of  Bacteria  per  Cubic  CerUimeUr  in  Effluent  of  Filter 

No.  48. 


DAT. 


1. 

s. 
a. 
i. 

«, 

8. 

0. 
10. 
!!• 
M. 
!«• 
M, 

18. 
". 

M. 
20, 
21. 
22. 
28. 
2A. 
25. 
28. 
2T. 
28. 
20, 
80. 
81. 


1804. 


Maj. 


7,700 
8,000 
3.200 
2,700 


Jnnc. 


1,100 
1,000 

1,100 
1,200 
720 
700 
840 
680 

882 
201 
110 
06 
05 
101 

132 

97 

00 

140 

125 

53 

86 
01 
40 
05 
77 
122 


Jolt. 


i 

1^ 


72 
22 

20 

13 
75 
81 


22 
U 

26 
20 
17 
17 
20 
10 

15 
80 
26 
21 
31 
28 

6 
10 


id 


a 

8 


70 
44 


84 
44 

58 
88 

47 
28 
81 
84 

27 
81 
88 

10 
11 

u 

6 
22 


Adoust. 


18 
10 
17 
21 

10 

90 

0 

8 

6 

• 

41 

10 
7 
6 
20 
15 
28 

16 

5 

7 

8 

12 

10 

12 

8 
6 
4 
8 


i 

8 


21 
17 
10 

20 
10 

8 
18 

7 
18 

7 
2 
8 

18 
0 
8 

1 
8 

1 
0 
0 

1 

0 
0 
0 
0 

1 


Skptbmsbb. 


'I 


S> 


8 

8 

12 
12 
81 
48 

15 


2 

0 
5 
2 

6 
10 

4 

28 

6 

4 

46 
60 
16 
4 
2 
12 


i 

8 


0 
0 
0 
0 
0 
0 


0 

1 

0 
0 

0 
0 
0 
0 
0 
0 


OCTOBXB. 


uTS 


8 

0 
6 

5 

76 

280 

420 

130 
26 
88 


a 

«5« 


1 
1 

2 
2 
0 

0 
1 
1 
2 
2 
2 

1 
1 
2 
3 
0 
6 

2 
0 
1 


NOTUIBBB. 


Water 
Bacteria. 

h 

71 

44 

17 

- 

82 

165 

170 

360 

270 

445 

- 

010 

42 

1,610 

26 

768 

U 

400 

1 

600 

2 

250 

2 

235 

1 

110 

0 

80 

0 

75 

9 

00 

0 

40 

0 

280 

1 

- 

- 

688 
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Monthly  Averaget  of  Analyses  of  Effluent  of  Filler  No.  48. 


[ParU 

per  100,000.] 

Quantity 

of 
BiBuent 

Galloni 

per  Acre 

Ually. 

TSXPKS- 
ATDRS. 

DCG.  F. 

a2 

▲MMOaiA. 

1 

NlTBOOBV 

• 

a 

1 

s 

o 

2 

3 

18M. 

Applied 
Water. 

1 

1 

■ 

1 

» 

S 

^ 

June,  • 

2,020,000 

67 

82 

.28 

.0008 

.0086 

.19 

.042 

.0000 

.24 

03 

«) 

Jaly,    . 

2,900,000 

77 

80 

.14 

.0008 

.0088 

.22 

.088 

.0000 

.16 

90 

IS 

Aagatt, 

2,620,000 

74 

80 

.08 

.0004 

.0048 

.80 

.037 

.0000 

.11 

40 

1» 

Beptember, 

2,530,000 

87 

85 

.08 

.0001 

.0040 

.86 

.086 

.0000 

.11 

88 

i 

October, 

8,800,000 

88 

58 

.28 

.0004 

.0008 

.20 

.080 

.0001 

.80 

71 

u 

Koveraber, . 

4,540.000 

44 

41 

.80 

.0004 

.0132 

.24 

.020 

.0001 

.43 

79 

370 

Filter  No,  49. 

This  continuous  filter  was  started  on  Sept.  9,  1893,  and  has  con- 
tained sand  of  an  effective  size  of  0.38  millimeter.  Its  normal  depth 
is  60  inches. 

From  Dec.  8,  1893,  to  May  26,  1894,  the  filter  was  out  of  ser- 
vice. On  the  latter  date  it  was  filled  with  city  (filtered)  water  from 
below.  From  May  28,  it  filtered  this  water  continuously  up  to 
October  25.  The  rate  of  filtration  was  2,500,000  gallons  per  acre 
daily  from  May  28  to  June  30,  and  5,000,000  gallons  from  July  1  to 
October  15,  after  which  it  was  increased  to  10,000,000  gallons.  The 
trap  was  changed  to  correspond  with  those  of  the  other  filters  on 
September  1. 

The  dates  and  depths  of  scraping  are  as  follows  :  August  3,  0.33 
inch  ;  October  16,  0.37  inch;  October  31,  0.41  inch;  November  6, 
0.47  inch;  November  15,  0.43  inch;  November  19,  0.71  inch; 
November  24,  0.49  inch;  and  November  26,  0.71  inch.  New  sand 
was  added  only  on  the  date  of  first  scraping. 

Fluctuations  in  the  rate  of  filtration  occurred  on  October  12  and 
29,  and  November  27. 
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Average  Daily  Number  of  Bacteria  in  Effluent  of  Filter  No.  49. 


1M4 

• 

May. 

Jiin«. 

Jolt. 

ACOUST. 

8BPTBMBBB. 

OOTOBBm. 

NOTKMBBB. 

DAT. 

1^ 

1^ 

1 

• 

!« 

1^ 

y 

4 

i 

1,       . 

- 

970 

22 

- 

90 

20 

6 

0 

22 

- 

54 

0 

2.      . 

- 

1,400 

60 

- 

- 

- 

- 

- 

6 

- 

48 

0 

8.      . 

- 

- 

84 

- 

17 

16 

0 

0 

6 

- 

82 

0 

4,      . 

- 

784 

1 

- 

6 

40 

6 

0 

14 

- 

- 

-. 

6.      . 

- 

640 

17 

- 

- 

- 

8 

0 

2 

- 

24 

0 

e.    . 

- 

850 

104 

1 
i 

64 

46 

87 

84 

0 

2 

- 

500 

6 

T.      . 

- 

820 

f 

69 

27 

49 

48 

16 

0 

- 

- 

MO 

4 

8.      . 

- 

306 

- 

- 

22 

16 

8 

0 

6 

- 

714 

6 

».      . 

- 

280 

21 

14 

12 

4 

- 

- 

1 

830 

% 

10.      . 

- 

- 

29 

127 

10 

6 

- 

- 

8 

- 

- 

n.    . 

- 

84 

84 

1 

80 

18 

22 

- 

- 

4 

- 

12.     . 

- 

76 

!      80 

48 

- 

- 

- 

4 

129 

1 

18,      . 

- 

65 

1 

20 

86 

66 

16 

- 

18 

198 

1 

14»      . 

- 

1 

87  1 

1 

18 

42 

14 

9 

- 

- 

288 

6 

16,      , 

- 

44; 

- 

- 

14 

6 

- 

7 

200 

2 

16,      , 

- 

72 

12 

44 

8 

80 

- 

9 

70 

1 

17.      , 

- 

- 

26 

80 

9 

18 

- 

4 

64 

2 

18.      . 

- 

67 

18 

24 

7 

8 

- 

4 

- 

- 

19.      . 

- 

77 

17 

29 

- 

- 

- 

6 

56 

1 

20,      . 

- 

76 

42 

19 

12 

0 

- 

6 

18 

1 

21,      . 

- 

80 

15 

28 

6 

2 

- 

- 

46 

2 

M. 

- 

1 
87 

- 

- 

8 

0 

- 

5 

40 

1 

«.      . 

- 

65 

6 

16 

8 

0 

- 

6 

45 

1 

M. 

- 

- 

13 

84 

2 

0 

- 

4 

68 

0 

«. 

- 

60 

70 

46 

8 

0 

26 

- 

60 

- 

- 

«, 

- 

95 

18 

61 

- 

- 

- 

258 

75 

2 

». 

- 

85 

21 

81 

6 

0 

- 

456 

00 

0 

ffl. 

74,000 

67 

41 

U 

8 

0 

- 

- 

49 

0 

». 

9,600 

86 

- 

im 

6 

0 

- 

150 

- 

- 

80. 

1,400 

28 

20 

6 

10 

0 

- 

- 

41 

280 

1 

81. 

1,150 

- 

20 

82 

8 

0 

- 

- 

06 

- 

- 
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Monthly  Averaget  ofAnalyset  of  Effluent  of  Filter  No.  49. 
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Qomntltj 

of 
Efflaent 

Oftlloni 

per  Acre 

Dallj. 

Till  PBS- 

ATUBS. 

Dbo.  r. 

• 

AXMOHU. 

, 

NlTBOflBV 

■ 

3 

1 

a 

o 

fid 

IS 

og: 

2^ 

o 
2 

3 

0 

18M. 

1^ 

s 
S 

i 

• 

i 

7i 

1 

.1 

1^ 

June,  . 

2.800,000 

67 

02 

.28 

.0000 

.0068 

.10 

.041 

.0000 

.26 

64 

ta 

iaiy,   . 

4,800,000 

n 

08 

.10 

.0000 

.0076 

.22 

.080 

.0000 

.16 

48 

21 

Aagattt 

4,080,000 

74 

00 

.00 

.0008 

.0048 

.80 

.088 

.0000 

.11 

48 

17 

Bept«mb«r, 

6,020,000 

«7 

66 

.06 

.0001 

.0048 

.80 

.086 

.0000 

.11 

61 

4 

Oetober,      . 

7,000,000 

6S 

66 

.24 

.0018 

.0008 

.20 

.027 

.0002 

.81 

70 

9 

KoTomber,  • 

0,620,000 

44 

41 

.86 

.0017 

.0122 

.24 

.020 

.0000 

.48 

81 

270 

Filter  No.  50. 

This  coDtinuous  filter  was  started  on  July  23,  1894,  and  has  con- 
tained sand  of  an  effective  size  of  0.48  millimeter.  It  has  a  normal 
depth  of  60  inches  and  is  constructed  of  material  very  similar  to  that 
in  the  older  Filter  No.  18  A. 

The  rate  of  filtration  has  been  5,000,000  gallons  per  acre  daily. 
River  water  was  applied  to  the  top  on  the  date  when  the  construc- 
tion was  completed.  Filtration  was  begun  at  once  and  the  filter  has 
regularly  received  river  water.  On  September  1  the  trap  was 
changed  to  correspond  to  those  of  the  other  filters. 

The  dates  and  depths  of  scraping  are  as  follows :  September  3» 
0.42  inch;  September  18,  0.35  inch;  October  16,  0.43  inch; 
October  29,  0.49  inch;  November  12,  0.42  inch;  and  November 
24,  0.52  inch.     No  new  sand  was  added  after  September  18. 

Fluctuations  in  the  rate  of  filtration  occurred  on  October  11, 19 
and  26,  and  November  2,  7,  27  and  28. 
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Average  Daily  Number  ofBaeteriaper  Cubic  (knttmeter  in  Effluent  of  Filter  No.  SO. 


18M. 

DAT. 

Jaly. 

Angwts 

MpttBUMV* 

OOTOBBB. 

NOVIMBIB. 

Water 

Bacteria. 

B*  Pro- 
digioini.  • 

Water 
Bacteria. 

aPro. 

digioeat. 

1.         .           . 

- 

2.400 

420 

260 

0 

48 

0 

s.     . 

• 

- 

2.6U0 

- 

816 

11 

60 

0 

»,         . 

• 

- 

S.600 

- 

204 

2 

60 

0 

4,      . 

• 

- 

700 

860 

867 

7 

- 

- 

6.      - 

• 

- 

- 

208 

878 

8 

70 

0 

«.       . 

• 

- 

4.600 

181 

688 

8 

180 

1 

7.      . 

• 

- 

1,600 

420 

- 

- 

696 

17 

8.      . 

• 

- 

876 

100 

816 

0 

- 

- 

».      . 

• 

- 

766 

- 

246 

1 

180 

3 

10.       . 

• 

- 

000 

- 

683 

0 

68 

0 

11,      . 

• 

- 

1,800 

420 

1,118 

0 

- 

- 

12,      • 

• 

- 

- 

218 

- 

- 

364 

3 

13,      . 

• 

- 

880 

200 

816 

T 

170 

16 

14,      . 

■ 

- 

410 

960 

- 

- 

187 

14 

M.      . 

• 

- 

410 

260 

167 

2 

73 

1 

w.     . 

• 

- 

403 

- 

197 

0 

80 

7 

IT.      . 

1       i 

- 

8tt 

170 

704 

1 

82 

0 

18,      . 

• 

- 

260 

670 

86 

0 

- 

- 

19,      . 

• 

- 

- 

2a 

117 

0 

24 

0 

20,      . 

1       < 

- 

840 

240 

110 

0 

38 

0 

21, 

•       < 

- 

440 

800 

- 

- 

180 

0 

22. 

> 

- 

480 

210 

86 

0 

40 

0 

2«, 

■       < 

16.000 

420 

- 

82 

0 

81 

1 

24. 

• 

2.000 

800 

242 

78 

0 

86 

1 

26. 

• 

8,100 

810 

120 

76 

0 

- 

^^ 

20. 

• 

6,000 

- 

196 

06 

1 

47 

0 

27. 

• 

8,000 

610 

200 

46 

0 

41 

0 

28. 

• 

1.800 

224 

S70 

- 

- 

60 

0 

29, 

• 

- 

864 

170 

97 

0 

- 

- 

». 

• 

8.800 

860 

- 

40 

0 

68 

0 

81. 

• 

4.600 

270 

- 

46 

0 

- 

- 
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Monthly  Averages  of  Anaiytea  of  Effluent  of  Filter  No.  60. 

[r>rU  par  100,000.] 


Qnentlty 

of 
Effluent. 

Oallona 

per  Acre 

Dally. 

Tkmpbb- 

ATUU. 
DftO.  P. 

1 

Ammovia. 

• 

a 

I 

NinooBir 

AS 

■ 

a 

a 

m 

a 

6 

a 

M 

o 

Per  Cent,  of  Dls- 
■olred  Oxygen. 

o 

1 

a 

so 

h 

im4. 

i 

s 

D 

1 

S 

1 

5 

July,  . 
Aagatt, 
8eptembert 
October, 
November, . 

5,100,000 
4,8M.00O 
4,780,000 
4,900,000 
4.600,000 

n 

74 
67 
68 
44 

81 
78 
68 
65 

42 

.07 : 

.16  ' 

.14 

.25 

.«; 

.0128 
.0007 
.0006 
.0005 

.0071 

.0060 
.0091 
.0076 
.0091 
.0108 

.22 
.80 
.80 
.28 
.27 

.014 
.023 
.024 
.081 
.028 

.0002 
.0000 
.0001 
.0001 
.0000 

.20 
.15 
.10 
.20 
.86 

68 
26 
86 
44 
64 

6,400 
67S 
8SS 

802 
88 

Lawrence  City  Filter. 

This  filter  is  2.5  acres  in  area,  and  was  first  put  in  operation  Sept. 
20,  1893.  The  average  amount  of  water  filtered  and  pumped  daily 
has  been  about  3,000,000  gallons.  Under  ordinary  conditions  the 
surface  of  the  filter  is  uncovered  and  the  sand  drained  about  eight 
hours  daily.  The  efiHuent  is  pumped  to  the  open  distributing  reser- 
voir of  the  city,  which  is  25  feet  deep  at  high-water  mark  and  has 
a  capacity  of  40,000,000  gallons. 

Once  a  week  throughout  the  year  chemical  analyses  of  the  Merri- 
mack River  water,  before  and  after  its  passage  through  the  filter,  as 
it  leaves  the  reservoir,  and  from  taps  at  the  city  hall  and  experiment 
station,  have  been  made.  Monthly  averages  of  the  results  of  these 
analyses  are  presented  beyond,  together  with  results  of  the  corre- 
sponding bacterial  analyses :  — 
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Monthly  Averages  of  Analy^^es  of  the  Merrimack  River  Water  as  it  flows  upon 

the  Lawrence  Oily  Filter, 

[Parte  per  100,006.] 


1S94. 


Jftoaary, 
Febraary, 
March, 
April*  • 
May,     . 
Jane,    . 
Jaly,     • 
Aagast, 
September, 
October, 
November, 
December, 


Temper- 
ature. 

Dcff.  F. 

1 

82 

.48 

82 

.80 

87 

.48 

- 

.42 

67 

.48 

66 

.62 

76 

.80 

74 

.84 

70 

.88 

66 

•«. 

80 

.44 

82 

.»i 

AmcoMiA. 


i 


.0076 
.0067 
.0026 
.0020 
.0074 
.0071 
.0100 
.0004 
0188 
.0117 
.0086 
.0110 


ALBmilfOID. 


o 


I 

I 


.0186 
.0182 
.0168 
.0167 
.0208 
.0186 
.0107 
.0201 
.0200 
.0218 
.0224 
.0216 


.0187 
.0162 
.0148 
.0147 
.0166 
.0164 
.0167 
.0148 
.0161 
.0102 
.0186 
.0176 


e 


.20 
.21 
.18 
.16 
.16 
.12 
.10 
.26 
.88 
.27 
.26 
.27 


NiTioeui 
Ae 


.0140 
'.0100 
.0110 
.0110 
.0140 
.0000 
.0080 
.0080 
.0070 
.0110 
.0160 
.0100 


8 

I 

S 


.0001 
.0001 
.0000 
.0000 
.0000 
.0001 
.0008 
.0002 
.0004 
.0003 
.0001 
.0001 


a 

a 

a 

o 


1       1 

a 

«8 

•m  ac 

OK 

M 

•:© 

i 

s.^ 

£ 

n 

.48 
.48 
.46 
.40 
.43 
46 
.80 
.26 
.27 
.80 
.47 
.44 


f» 

1.6 

03 

1.6 

100 

1.0 

06 

1.8 

86 

1.8 

80 

1.4 

60 

1.8 

62 

1.8 

60 

1.0 

68 

2.0 

88 

1.8 

03 

2.1 

o 

3 
o 
O 

n 


7,700 

7,600 

6,600 

11,200 

6,000 

8,300 

2,400 

8,100 

6,600 

26,800 

16,600 

21,700 


Monthly  Averages  of  Analyses  of  Effluent  from  the  City  Filter. 

[Parte  per  100,000.] 


18»4. 


January, . 

February, 

March, 

April, 

May, 

Jane, 

July, 

August, 

September, 

October, . 

November, 

December, 


Qoantlty 

of 
Effluent. 

Oalloni 

per  Acre 

Dally. 


Temper- 
ature. 

Deg .  F. 


I 


1,227,000 

84 

1,218,800 

86 

1,137,200 

80 

006,100 

- 

1,124.000 

67 

1,101,000 

66 

1,261,000 

74 

1,164,000 

74 

1,186,000 

70 

1,178,000 

67 

1,176,000 

40 

1,160,000 

86 

.84 
.84 

.40 
.88 
.80 
.40 
.21 
.10 
.26 
.80 
.66 
.87 


AmfOMiA. 


i 


ALBCMIVOID. 


I 


& 


S 


.0071 
.0000 


.0106 
.0000 


.0121  '.0008 


.0073 
.0060 
.0062 
.0046 
.0046 
.0078 
.0063 
.0174 
.0104 


.0007 
.0107 
.0106 
.0074 
.0088 
.0076 
.0068 
.0101 
.0110 


.0102 
.0006 
.0086 
.0008 
.0106 
.0007 
.0060 
.0066 
.0062 
.0070 
.0100 
.0060 


I 

e 


.20 
.21 
.18 
.21 
.22 
.20 
.22 
.20 
.88 
.80 
.88 
.28 


KlTIOOBN 
A0 


i 

s 


9 

I 

9a 


.0870 
.0460 
.0450 
.0870 
.0410 
.0200 
.0860 
.0840 
.0460 
.0680 
.0800 
.0320 


.0002 
.0001 
.0008 
.0000 
.0000 
.0001 
.0001 
.0000 
.0000 
.0000 
.0001 
.0000 


s 


a 

8 


O 


.81 
.20 
.26 
.81 
.20 
.80 
.10 
.16 
.17 
.26 
.88 
.82 


i 

S 


8.0 
2.0 
8.3 
2.7 
2.8 
8.3 
2.8 
2.6 
8.4 
8.0 
4.0 
8.1 


u 


120 

244 

466 

281 

184 

110 

26 

80 

42 

116 

176 

022 
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Monthly  Averages  of  Analyses  of  Water  from  Vie  Outlet  of  the  Distributing 

Reservoir. 

[ParU  per  100,000.] 


18*4. 


Tcnper- 
atnre. 

Dcg.  F. 


s 


January,  . 

February, 

March, 

April, 

May. 

June, 

July, 

August, 

Beptember, 

October, 

November, 

Pecenaber, 


86 
84 
88 

67 
66 
76 
78 
00 
68 
40 
8« 


.86 
.84 
.86 
.86 
.86 
.41 
.10 
.17 
.20 
.28 
.86 
.84 


AMMOKIA. 


ALBCMIMOID. 

• 

_ 

^ 

2 

s 

a 

fi 

S 

s 

.0064 
.0066 
.0060 
.0082 
.0027 
.0029 
.0017 
.0081 
.0017 
.0018 
.0062 
.0077 


.0116 

1 
.0104 

.0104 

.0101 

.0007 

.0002 

.0003 

.0088 

.0120 

.0100 

.0006 

.0100 

.0004 

.0076 

.0070 

.0076 

.0061 

.0060 

.0100 

.0088 

.0108 

.0002 

.0104 

.0086 

i 


.20 

.21 

.20 

.10 

.20 

.18 

.21 

.20 

.86 

.80. 

.20 

.20 


NiTBOOKN   I 
AS       > 


I 


i 


.0820 
.0410 
.0260 
.0200 
.0800 
.0360 
.0300 
.0370 
.0360 
.0880 
.0360 
.0860 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0001 
.0002 
.0000 
.0000 
.0000 
.0001 


1 

s 
s 

a 

a 
& 


1 

a 


I 

a 

**© 
jl 

C  Z 


.88 

2.7 

.80 

2.7 

.27 

2.6 

.27 

2.6 

.28 

2.4 

.80 

2.7 

.20 

2.7 

.16 

2.7 

.16 

2.S 

.20 

2.8 

.80 

8.1 

.80 

8.0 

S3 

US 
179 

va 

104 
81 
ISi 
1« 
SO 
lOS 
18S 
366 


Monthly  Averages  of  Water  from  a  Tap  at  the  Lawrence  City  Eall 

[Parts  per  100,000.] 


Tempera- 
ture. 

Deg.  F. 

Color. 

Ammokia. 

• 

1 

NiTMOOXH  AS 

Oxygen 

Consumed. 

4 

s 

B 

iS 

tt 

18l»4. 

^ 

• 

s 
5 

s 

£ 

• 

January,  . 

38 

.86    ; 

.0066 

.0117 

.20 

.0860 

.0000 

.82 

2.7 

61 

February, 

88 

.86 

.0043 

.0100 

.21 

.0400 

.0000 

.80 

2.9 

lOS 

March, 

80 

.83 

.0048 

.0107  1 

I     .19 

1 

.0300 

.0000 

.27 

1 

2.6 

OS 

April, 

- 

.88 

.0081 

.0101 

i   .w 

.0800 

.0000 

.27 

2.4 

100 

May, .       .       . 

66 

.84 

.0018 

.0104 

.10 

.0400 

.0000 

1      .27 

2.7 

1» 

June, 

02 

.89    i 

.0018 

.0088 

.18 

.0410 

.0000 

.20 

2.7 

06 

July, . 

00 

.21 

.0006 

.0071 

.20 

.0810 

.0000 

.20 

2.6 

03 

August,    . 

70 

.16 

.0004 

.0064 

.20 

.0360 

.0000 

.12 

2.7 

142 

Beptember, 

66 

.10 

.0004 

.0073 

.87 

.0360 

.0000 

.16 

2.8 

Si 

October,   . 

61 

.23 

.0006 

.0064 

.80  j 

.0870 

.0000 

1 

.20 

2.4 

81 

November,       • 

46 

.84 

.0033 

.0092 

;  .28 

.0360 

.0001 

.80 

8.1 

72 

December,        . 

80 

.86 

.0062 

.0104 

.80 

F 

.0820 

.0006 

.29 

8.0 

346 
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Monthly  Averages  of  Analyses  of  Water  Jrom  a  Tap  at  the  Latvrence  Experiment 

Sialion, 
[Parte  p«r  100,000.] 


January,    . 
February,  . 
March,       • 
April, 
May,  . 
Jnna,  •       • 
July,  .       • 
Aagoat,      • 
September, 
October,     . 
Ko^ember, 
December, . 


Temper- 
ature. 

Deg.  F. 

80 

.86 

88 

.82 

80 

.84 

46 

.88 

M 

.28 

60 

.86 

08 

.18 

00 

.14 

M 

.16 

00 

.20 

47 

.82 

40 

.80 

AMMOaiA. 


i 


o 

B 
1 


.0027 
.0036 
.0088 
.0023 
.0018 
.0013 


.0002 
.0000 
.0001 
.0010 
.0048 


.0100 
.0008 
.0006 
.0006 
.0100 
.0009 
.0078 
.0002 
.0068 
.0071 
.0100 
.0090 


.SO 
.21 
.23 
.19 
.20 
.19 
.20 
.80 
.87 
.80 
.28 
.80 


NrraooBM  aa 

i 

» 

.0370 

.0000 

.0410 

.0000 

.0490 

.0000 

.0840 

.0000 

.0480 

.0000 

.0880 

.0000 

.0830 

.0000 

.0870 

.0000 

.0860 

.0000 

.0380 

.0000 

.0860 

.0000 

.0830 

.0000 

I 

3 

I 


■ 

a  8 

« 

^S 

M 

jo 

i 

,s? 

o^ 

t^ 

I 

£ 

n 

.82 
.81 
.27 
.27 
.26 
.26 
.20 
.12 
.13 
.18 
.26 
.27 


06 

2.6 

88 

2.9 

80 

2.6 

87 

2.4 

06 

2.6 

64 

2.8 

64 

2.7 

48 

2.7 

66 

2.7 

71 

2.6 

76 

8.1 

88 

8.0 

S 
a 
U 

IS 

m 


60 

84 

160 

80 

88 

103 

06 

123 

70 

840 

120 

244 


Daily  Bacterial  Analyses. 

Beginning  Dec.  1,  1894,  a  daily  bacterial  analysis  was  made  of 
the  Merrimack  River  water  before  and  after  its  passage  through  the 
filter  and  as  it  flowed  from  taps  at  the  city  hall  and  experiment  sta- 
tion. This  daily  bacterial  examination  was  continued  until  May, 
1895,  and  the  results  are  presented  below. 

It  must  be  said  in  this  connection  that  the  winter  of  1894-95  was 
very  cold,  and  the  filter  was  covered  with  ice  a  large  portion  of  the 
time.  When  it  was  necessary  to  relieve  clogging,  in  order  to  filter 
the  required  amount  of  water,  the  ice  on  the  beds  of  the  filter  nearest 
the  pumping  station  was  removed  and  these  beds  scraped.  The 
result  of  course  was  a  very  high  rate  of  filtration  for  a  time,  through 
a  limited  area  of  the  filter,  and  hence  increased  numbers  of  bacteria 
in  the  filtered  water.  It  follows  from  this  that  the  bacterial  results 
given  below  are  not  such  as  we  should  have  had  if  the  filter  had 
been  satisfactorily  operated. 

The  results  of  observations,  in  regard  to  typhoid  fever  in  Law- 
rence and  its  relation  to  the  public  water  supply,  will  appear  in  a 
subsequent  report. 
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IkiUy  Baeterial  SeauUa,  Lawnnee  Oity  Water. 

[Baotorl*  p«r  oobla  o«oUiaat«r.] 


In 

BlTer 
Water. 

Condition 
of  Surfaoe 

when 

Pomps  were 

btopped. 

Lm 
of 

BATB-18M. 

city  ruter. 

BeMTToir 
Ootlet. 

Tap  at 
City  Hall. 

Tap  at 

Experiment 

Station. 

Bead. 

FMt. 

December   1, 

- 

- 

- 

- 

101 

Drainad. 

6.6 

«• 

- 

- 

- 

- 

- 

M 

- 

S,        . 

12.000 

1,180 

804 

180 

141 

OoTored. 

4.7 

4. 

- 

- 

- 

- 

170 

Drained. 

(.8 

ft. 

• 

- 

- 

- 

- 

M 

t.8 

•.         . 

22.000 

170 

- 

220 

- 

« 

«.6 

T,         . 

18.000 

181 

- 

270 

490 

M 

«.3 

8, 

44.100 

714 

- 

800 

604 

•< 

«.o 

».        . 

• 

- 

- 

- 

- 

Cohered. 

- 

10,        . 

88,000 

1.100 

410 

660 

876 

M 

5.4 

!!•         . 

47,000 

480 

- 

816 

286 

Drained. 

6.9 

12, 

84,100 

480 

- 

871 

840 

•< 

7.1 

13,         . 

27,600 

316 

- 

210 

220 

i< 

6.8 

u,      . 

82,600 

800 

- 

282 

280 

M 

6.7 

w,      . 

78,600 

626 

- 

420 

820 

U 

6.1 

IC 

- 

- 

- 

- 

- 

CoTered. 

- 

IT,        . 

17,000 

47 

ma 

618 

410 

M 

7.0 

IB,        . 

17,000 

110 

- 

410 

40O 

Drained. 

8.8 

!»•         . 

8,600 

07 

- 

224 

260 

M 

8.7 

to.       . 

11,000 

70 

- 

107 

100 

M 

7.1 

21. 

12,200 

106 

- 

186 

180 

•« 

7.0 

22,        . 

22,000 

127 

- 

166 

130 

<« 

7.4 

28.         . 

- 

- 

- 

- 

- 

Covered. 

8.0 

24, 

22,000 

180 

182 

124 

61 

« 

4.0 

26. 

- 

- 

- 

- 

- 

M 

- 

26.        . 

20,600 

660 

- 

144 

280 

<« 

8.8 

27,         . 

12,600 

181 

- 

200 

170 

•• 

6.1 

28.         . 

7,000 

178 

^S  ■ 

282 

107 

M 

4.8 

29.         . 

14,600 

400 

- 

167 

160 

M 

5.0 

80, 

- 

- 

- 

- 

- 

« 

- 

81.         . 

0,000 

280 

176 

172 

102 

<l 

3.8 
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J)aily  Bacterial  StsuUs,  Laumnee  OUy  IToter— Continned. 

[BMtorte  par  eatte  MBtloMtor.] 


Id 

Hirer 
Water. 

IV  FlLTBUD  WaTSB  FSOM 

Condmon 
of  Snrfkoe 

when 
Pompa  were 

Slopped. 

Loei 

of 

I>An  — IMS. 

Gl^  IVtor. 

Baienrolr 
Ontlet. 

Tap  at 
CttyHaU. 

Tap  at 

BiyMrlment 

Station. 

Head. 
Feet. 

18.500 

192 

« 

108 

168 

DralMd. 

%    .       . 

16.000 

116 

- 

160 

182 

•i 

8,    .       . 

18,000 

604 

- 

160 

183 

Oovarftd. 

4,    .       . 

14,700 

800 

- 

148 

188 

Drained. 

«.    .       . 

18,400 

418 

- 

164 

168 

Covered. 

«,    .       . 

- 

- 

- 

- 

* 

- 

7.    .       . 

28.500 

140 

160 

S78 

280 

Covered. 

8,    .       . 

22,700 

140 

- 

826 

140 

Drained. 

••    .       . 

66,000 

210 

- 

186 

8S8 

ti 

10.    .        . 

17.000 

248 

- 

840 

880 

II 

11,    .        . 

18,000 

108 

- 

168 

140 

•4 

W.    .       . 

17,400 

381 

« 

196 

127 

•< 

18,    .       . 

- 

- 

- 

- 

- 

Covered. 

M,    .       . 

10.400 

816 

210 

IM 

162 

M 

16.    .       . 

21.500 

190 

- 

214 

209 

Draloed. 

18,    .       . 

10,700 

218 

- 

149 

108 

M 

17,    .       . 

15.500 

190 

- 

184 

109 

« 

18.    .        . 

14.500 

180 

- 

80 

100 

« 

18.    .       . 

18.000 

200 

- 

150 

197 

Covered. 

80.    .       . 

- 

- 

- 

- 

- 

M 

21,    .       . 

15.800 

890 

118 

78 

168 

M 

22,    .       . 

81.800 

108 

- 

86 

88 

M 

23,    .        . 

10,000 

71 

- 

86 

114 

Drained. 

24,    .        . 

18.000 

160 

- 

93 

128 

Covered. 

25.    .        . 

14.000 

127 

- 

92 

89 

II 

20.    . 

16*400 

160 

- 

74 

80 

M 

27.    .        . 

- 

- 

- 

- 

- 

li 

28,    .        . 

28.500 

127 

97 

104 

78 

•1 

29,    .        . 

14.000 

160 

- 

108 

88 

«• 

80,    . 

17,000 

129 

- 

112 

90 

i< 

9.0 

31,    .       • 

14.000 

130 

- 

117 

97 

<• 

9.0 
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Daily  Baelerial  BesulU,  Lawrence  Oily  Water — Cootinaed. 

[Bseterte  per  cable  centimeter.] 


In 
River 
Water. 

Iv  FlLnSKD  Watbb  riOM 

Conditton 
of  Surface 

when 

Pomps  were 

Stopped. 

LOH 

of 

Date  — 1S9(I. 

CItjFUter. 

Beaervolr 
OuUet. 

Tap  at 
City  UaU. 

Tap  at 

Experiment 

Station. 

Heai 
FceL 

February     1, 

12.100 

110 

- 

116 

86 

Drained. 

2. 

18,000 

186 

- 

121 

147 

M 

». 

- 

- 

- 

^ 

- 

M 

4. 

14.000 

805 

166 

121 

126 

(« 

ft,         . 

18,800 

280 

- 

46 

25 

Coverod. 

«, 

18,000 

840 

- 

260 

161 

M 

7,         . 

18,400 

476 

- 

246 

167 

W 

8,         • 

26.700 

873 

- 

238 

200 

«f 

9,        . 

86.000 

270 

- 

220 

189 

M 

10.        . 

- 

- 

- 

- 

- 

fl 

11, 

22,700 

160 

- 

06 

283 

« 

1 

12. 

17.600 

•8 

- 

66 

150 

l« 

1 
1    8.8 

18.         . 

18,800 

87 

- 

89 

1 
87 

Drained. 

14.         . 

0,400 

880 

- 

48 

96 

Covered. 

16. 

8,800 

88 

- 

67 

72 

Drained. 

W,         . 

12,200 

846 

165 

88 

86 

Covered. 

17. 

- 

- 

- 

- 

- 

M 

18.         . 

12,000 

fiSO 

- 

76 

88 

•1 

1», 

10.700 

00 

- 

70 

85 

Drained. 

20, 

8,700 

74 

- 

55 

51 

II 

21.         . 

0,700 

410 

- 

72 

78 

Covered. 

22.         . 

11,800 

812 

- 

60 

63 

i« 

23, 

6.000 

284 

- 

60 

74 

M 

21. 

- 

- 

- 

- 

- 

W 

26,         . 

18,800 

420 

120 

108 

09 

M 

20. 

18.800 

640 

- 

87 

88 

II 

27,         . 

19.400 

162 

- 

04 

78 

II 

28.         . 

11.400 

132 

- 

46 

47 

fl 
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Daily  Baelerial  BetuUa,  Lawrence  City  Water —  Continued. 

[Baeteria  p«r  euUe  eantluwtcr.] 


In 
RlTcr 
Water. 

IX  FlLTBBBO  WaTBB  FBOM 

Condition 
of  Huifaoe 

when 
Paraus  were 

btoppcd. 

Loea 

of 

Datb— 1S9S. 

Cltj  FUter. 

Betenroir 
Oatlet. 

Tap'at 
City  HalL 

Tap  at 

Experiment 

Station. 

Head. 
Feet. 

March  1, 

18,000 

122 

• 

01 

68 

Covered. 

«. 

48,000 

1.207 

- 

116 

48 

«« 

». 

- 

- 

- 

- 

- 

•< 

4, 

24,000 

688 

- 

170 

144 

« 

».        . 

20,000 

816 

- 

155 

80 

«i 

«. 

20,000 

160 

- 

08 

68 

<« 

T. 

24,000 

240 

205 

78 

00 

4< 

t,       . 

18,000 

165 

- 

87 

101 

Drained. 

•• 

105,000 

1,100 

- 

86 

78 

Covered. 

10. 

- 

- 

- 

- 

- 

«i 

11,       . 

17,000 

485 

- 

114 

128 

•« 

w.     . 

18,000 

285 

- 

55 

89 

Drained. 

18,       , 

15,000 

875 

- 

08 

112 

Covered. 

14, 

16,000 

860 

- 

88 

78 

Drained. 

M.       . 

16,000 

600 

- 

85 

181 

Covered. 

!«. 

42,000 

1.470 

- 

88 

187 

(1 

17.       . 

- 

- 

- 

- 

- 

M 

!«. 

10/WO 

688 

858 

180 

179 

M 

».        . 

20,000 

810 

- 

170 

215 

Drained. 

».       . 

18,000 

167 

- 

160 

188 

Covered. 

81.       . 

10,000 

112 

- 

150 

184 

Drained. 

22,        . 

8,000 

135 

- 

04 

87 

M 

«•       . 

10,000 

182 

- 

88 

146 

« 

M.       . 

- 

- 

- 

- 

- 

«< 

85,       . 

10,000 

160 

- 

126 

119 

Covered. 

2«.       . 

18,000 

160 

- 

08 

128 

(1 

«•       . 

12,000 

104 

- 

82 

98 

Drained. 

2«.       . 

8.000 

112 

- 

92 

TO 

Covered. 

2»,       . 

8,000 

188 

- 

117 

106 

«i 

30,        . 

12,000 

815 

- 

02 

08 

M 

81.       . 

- 

- 

- 

- 

- 

f« 
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Dttily  Bacterial  BetuUs,  Lawrtnce  City  Water — Concluded. 

[Baelarta  per  enble  eratlmater.] 


In 

River 
Water. 

IV  FlLTBBSD  WaTSI  FIOK 

CondlUon 
of  Surface 

when 
Pnmps  were 

Slopped. 

LOM 

of 

Dah-IMH. 

City  FUter. 

Beaervoir 
OuUet. 

Tap  at 
City  Hall. 

Tap  at 

Experiment 

Station. 

Ucad. 
FmI. 

April  1,. 

8,000 

06 

180 

90 

109 

Drained. 

2.. 

12,000 

96 

- 

114 

90 

CSovervd. 

8,. 

9,000 

- 

- 

90 

108 

Drained. 

4.. 

9.000 

- 

- 

80 

9« 

<i 

fi.  . 

10.000 

181 

- 

88 

88 

OoTered. 

«.. 

18.000 

290 

- 

82 

96 

i< 

7,. 

- 

- 

- 

- 

- 

i( 

«.. 

12.000 

68 

116 

88 

81 

«( 

».. 

19,000 

80 

- 

86 

88 

«« 

10,. 

11,000 

44 

- 

06 

M 

i« 

11.. 

7,000 

184 

- 

84 

04 

i« 

«2,  .        . 

7,000 

77 

70 

Tl 

86 

It 

23,. 

8,000 

07 

- 

61 

66 

Drained. 

«.. 

7,000 

70 

- 

06 

64 

w 

25..        . 

4.000 

69 

- 

40 

47 

<• 

26|  • 

7,600 

- 

- 

49 

88 

Ck>vered. 

27,.        . 

6,000 

88 

- 

80 

40 

(t 

28,.        . 

- 

- 

- 

- 

- 

M 

29,.        . 

8.000 

22 

- 

00 

89 

ft 

80,.        . 

2,000 

87 

- 

20 

86 

«« 

Monthly  Averages  of  Daily  Bacterial  Results  from  the  Lawrence  City  Water, 


IdOVTHS. 


1S94. 

December, 

IMO. 

January 

February 

March, 

April 

.  Averages, 

Per  eent.  which  the  average  nnmbcr  of 

bacteria  removed  waa  ot  the  average 

number  of  river  bacteria. 
Per  cent,  which  the  average  number  of 

bacteria  In  water  waa  of  the  average 

number  of  river  bacteria. 


Bactbbia  pbb  Cubic  Cbbtdibtbb  i«  Watbb  ybok 


Blver. 


28,800 

18,700 

15.040 

20.770 

8,420 


17,350 


Effluent 
at  Filter. 


Reservoir 
Outlet. 


864 

206 

288 

406 

84 


268 
08.46 

1.64 


148 
143 
281 
105 


200 
98.88 

I.IS 


City  HaU 
Tap. 


267 

145 

102 

108 

66 


187 
99.21 

.79 


Ezperimeot 

MUlion 

Tap. 


S66 

142 

104 

112 

68 


186 
99.22 

.78 
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PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  SANDS, 

WITH  Special  Reference  to  the  Filtration  of 

Water. 


By  H.  W.  Clark,  Chemist  of  the  LawreDce  Experiment  Station. 


The  annual  report  of  the  Board  for  the  year  1892  contained  an 
article  on  this  subject,*  and  it  is  the  present  purpose  to  present  as 
clearly  and  concisely  as  possible  such  additional  facts  as  longer  con- 
tinued experiments  and  observations  have  brought  to  our  knowl- 
edge. 

The  former  paper  showed ,  the  importance  of  an  examination  and 
mechanical  analysis  of  materials — soils,  sands  and  gravels — proposed 
for  use  in  filtering  areas,  and  demonstrated  the  possibility  of  fore- 
telling with  considerable  accuracy  their  action  and  value  when  so 
used.  Our  recent  studies  of  the  laws  of  sand  filtration  and  the  quan- 
titative and  qualitative  efficiency  of  filters,  both  when  new  and  after  a 
period  of  use,  have  served  partly  to  modify  but  largely  to  strengthen 
the  earlier  conclusions. 

Our  method  for  the  mechanical  analysis  of  materials  is  the  same 
as  that  formerly  described,  and  is  quite  satisfactory  with  sands  and 
gravels  such  as  we  have  studied.  With  soils  and  loams  the  results 
obtained  by  elutriation  of  the  finer  particles  do  not,  of  course,  bear 
an  exact  relation  to  results  obtained  by  the  same  method  when  ap- 
plied to  the  finer  particles  of  a  sand,  because  of  the  different  shape, 
composition  and  specific  gravity  of  the  soil  and  loam  particles  and 
their  strong  tendency  to  flocculate  or  gather  in  masses  when  in 
water. 

These  masses  act  as  distinct  particles  and  settle  in  a  manner  that 

«  Some  Physical  Properties  of  Sands  and  Gravels,  with  Special  Reference  to  their  Use  in  Fil- 
tration.   By  Allen  Hasen. 
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prevents  any  very  closely  drawn  distinction  between  particles  of  a 
different  weight  and  size.  This  tendency  to  flocculate  has  been 
studied  and  discussed  thoroughly  by  different  agricultural  chemists, 
notably  Johnson  and  Hilgard.  Roughly  it  may  be  stated  that  the 
tendency  varies  inversely  as  the  size  of  the  particles  and  the  temper- 
ature of  the  water,  and  hence  the  necessity  for  a  uniform  temperature 
of  the  water  used  in  the  process.  Another  reason  for  uniform  tem- 
perature is  the  fact  that  sand  grains  settle  more  quickly  in  warm 
than  in  cold  water. 

Various  methods  of  procedure  and  various  forms  of  elutriating 
apparatus  are  used  by  different  chemists,  but  the  use  of  a  cylindrical 
settling  apparatus  and  the  method  of  decantation  such  as  we  have 
adopted  are  generally  conceded  to  give  the  most  satisfactory  tesults. 


Results  of  Analysis. 

The  mechanical  analysis  of  a  sand  should  make  plain  to  us  its 
capacity  and  value  as  a  filtering  medium  in  sewage  and  water  purifica- 
tion. This  understanding  of  the  real  meaning  of  the  analysis  can 
only  come  by  a  continued  study  of  the  action  in  actual  operation  of 
a  number  of  filters  covering  a  wide  range  of  materials  whose  analy- 
sis is  known.  In  the  former  paper  on  the  subject  a  factor  was  intro- 
duced and  its  importance  in  interpreting  the  mechanical  analyi^is 
described.  This  factor  was  denominated  the  **  effective  size ''of  the 
sand  as  shown  by  analysis,  and  is  the  maximum  diameter  in  milli- 
meters of  the  finer  ten  per  cent,  of  the  sand  grains.  It  has  been 
proved  to  aid  largely  in  establishing  an  .opinion  quickly  and  accu- 
rately of  the  value  of  a  sand  for  use  in  sewage  purification,  and  can 
be  used  to  calculate  with  considerable  accuracy,  by  means  of  a  for- 
mula, the  volume  of  water  that  can  pass  through  a  given  area  of  sand 
in  a  given  time  under  known  conditions. 

The  formula  used  in  this  calculation  is  V=:^c^)  (*^*'S)"^^^)  where 
Fis  the  volume  of  water  in  million  gallons  per  acre  daily,  c  is  a  con- 
stant factor,  d  is  the  effective  size  of  sand  grain  in  millimeters,  h  is 
the  loss  of  head,  I  is  the  thickness  of  sand  through  which  water 
passes,  and  (11^?^±W)  is  a  factor  for  temperature  correction. 

The  value  of  factor  c  was  given  in  the  former  article  as  1,070. 
It  has  been  learned,  however,  that  physical  and  chemical  properties 
of  the  dand  exert  controlling  influences  which  must  be  taken  into  con- 
sideration in  all  calculations  of  the  volume  of  water  that  can  pass 
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through  a  given  area  of  sand  with  a  given  loss  of  head,  when  the  sand 
is  in  actaal  use  in  a  filter.  Prominent  among  these  controlling  fac- 
tors or  conditions  are  the  following :  — 

Increased  compactness  of  the  sand  due  to  settling  and  surface 
pressure. 

Chemical  composition  of  the  sand. 

Presence  of  loam  and  fine  particles. 

Effect  of  uniformity  coeflScient. 

Length  of  time  during  which  the  sand  has  been  in  use  in  the  filter. 


Setiling. 

In  the  summer  of  1898  three  water  filters  were  started,  each  five 
feet  in  depth  and  containing  sand  of  an  effective  size  of  0.26,  0.29 
and  0.38  millimeter  respectively.  To  these  was  added  in  1894  a 
filter  of  the  same  depth  and  containing  sand  of  an  effective  size  of 
0.48  millimeter. 

The  mechanical  analyses  of  these  sands  were  as  follows :  — 


HUMBEB  OF 

EffectlTe 
Bis*  of  Hand. 

Mtmmeter. 

Untfoniitty 
Coefflctent 

PBB  CBBT.  BT  WBIORT  FIHBB  TBAV  (MILUIIBTBBS) 

FILTBB. 

•.IM 

•.184 

•.tl« 

•.4M 

•.•1 

•.04 

t.M 

48,         .        .        . 

0.26 

8.7 

1.6 

6.8 

14.8 

26.0 

66.4 

84.0 

•0.0 

44j            •          •          • 

0.29 

S.7 

0.0 

8.7 

12.1 

81.0 

76.0 

07.0 

100.0 

48,         .        .        . 

0.88 

8.6 

0.6 

1.8 

6.8 

17.6 

40.6 

80.0 

08.0 

60,         •        •        • 

0.48 

S.4 

0.3 

0.6 

8.1 

0.0 

68.0 

01.4 

100.0 

Determinations  of  the  frictional  resistance  of  these  sands  to  the 
passage  of  water  when  first  in  position  in  the  filters  were  made 
according  to  the  method  given  on  page  552  of  the  report  of  1892. 
These  determinations  showed  that  all  of  the  sands  had  at  that  time  a 
quantitative  capacity  or  maximum  rate,  as  great  or  greater  than  that 
given  by  the  formula  mentioned  above.  These  observations  of  fric- 
tional resistance  have  been  continued  with  the  sands  of  these  filters, 
and  a  summary  of  the  results  obtained  is  presented  in  the  following 
table. 

It  must  be  mentioned  here  that  the  results  obtained  from  the  sand 
of  Filter  No.  44  appear  to  be  largely  modified  by  the  chemical  com- 
position of  the  sand,  as  will  be-explained  later. 
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Maximum  Bate  of  Flow  in  Million  Gallons  per  Acre  Daily ^  toUh  Loss  of  Head 

EqucU  to  the  Depth  of  the  Sand. 


NCVBEI  or  FiLTBB. 


BffectWe 
SIxeof  8and 
(Millimeter). 


Date  of 
OoottniGtloii. 


Rate 

at  Date  of 

OonBtmctlon. 


Bate 
Oct.,18B8. 


Bate 
Oct.,  1894. 


Kate 
June,  UN. 


FUter  No.  43, 
No.  44, 
No.  48, 

No.  60, 


0.26 
0.20 
0.88 
0.48 


May  20,  1888. 
May  20,  1808. 
Sept.  0,  1808. 
July  28,  1894. 


76.0 

48.0 

40.0 

85.0 

65.0 

86.0 

165.0 

180.0 

OS.O 

260.0 

- 

226.0 

40.0 

81.0 

72.0 

216.0 


The  figures  of  the  table  are  averages  of  many  closely  agreeing 
determinations.  The  given  rates  at  date  of  construction  are  of  little 
significance  and  are  given  principally  to  show  how  misleading  figures 
obtained  within  a  few  days  of  placing  the  sand  in  situ  are.  This  re- 
duction of  quantitative  capacity  we  believe  to  be  almost  entirely  due 
to  the  increased  compactness  caused  by  the  settling  of  the  whole 
body  of  the  sand.  Of  course  the  increased  friction  was  due  to  some 
extent  to  the  increased  stickiness  of  the  grains  due  to  the  deposition 
of  organic  matter  and  bacterial  growth  and  changes,  but  the  deter- 
minations of  frictional  resistance  were  all  made  in  the  lower  portions 
of  each  filter  where  organic  matter  had  accumulated  very  slightly, 
as  shown  by  chemical  analyses  of  the  sand  (pages  599-604). 


Compactness  at  the  Surface, 

The  upper  half  foot,  more  or  less,  of  a  sand  filter  has  a  tendency 
to  become  more  compact  than  the  rest  of  the  filter,  caused  both  by 
the  silting  or  accumulation  of  fine  particles  and  organic,  matter  in  the 
pores  of  the  sand,  and  by  the  compression  and  consequent  packing  and 
cementing  due  to  the  pressure  of  the  water  on  the  surface.  Certain 
filters  at  the  station  have  become  so  compact  that  the  prescribed 
amount  of  water  could  not  pass  even  after  scraping  and  removing 
several  inches  of  the  surface  sand ;  relief  being  given  only  after 
spading  over.  Mechanical  analysis  of  the  deepest  layer  scraped 
showed  no  increase  of  fine  particles,  and  the  organic  matter  present 
would  account  for  but  a  small  part  of  the  increased  frictional  resist- 
ance.    It  was  due  to  compactness  caused  by  pressure. 

In  November,  1894,  a  few  days  after  finishing  scraping  the  Law- 
rence city  filter,  when  nearly  an  inch  of  the  surface  sand  was  removed, 
the  filter  would  not  allow  the  usual  and  required  amount  of  water  to 


No.  34.]  PROPERTIES  OF  SANDS.  707 

pass  through  it,  and  the  surface  was  loosened  to  a  depth  of  six 
inches  to  give  the  necessary  porosity.  In  this  case  the  compact- 
ness was,  doubtless,  largely  owing  to  the  tramping  down  of  the 
sand  by  the  laborers  while  scraping  and  replacing  the  sand,  but  in 
our  small  experimental  filters  no  such  cause  for  compactness  exists. 


Chemical  Composition  of  Sand. 

The  mechanical  analysis  of  a  sand  divides  it  into  portions  in  which 
the  grains  are  approximately  of  equal  size  and  thus  gives  information 
in  regard  to  the  coarseness  or  fineness  of  it,  but  does  not  indicate 
anything  concerning  its  chemical  composition.  Recent  observations, 
however,  lead  us  to  believe  that  the  percentage  of  aluminous  and 
calcareous  material  present  in  a  sand  has  a  decided  influence  upon  its 
frictional  resistance  to  the  passage  of  water.  This  applies  not  only 
to  fine  sands  but  also  to  sands  of  the  grade  most  often  used  for 
water  filtration. 

In  partial  explanation  of  this  it  may  be  said  that  clay  is  a  very  fine 
soil,  the  chief  basis  of  which  is  silicate  of  aluminum,  and  is  almost 
impermeable  to  water.  This  impermeability  is,  apparently,  due  not 
only  to  its  fineness^  but  also  to  its  absorptive  action  towards  water 
and  the  formation  of  hydrous  aluminum  silicate,  the  consequent 
decrease  of  the  open  space  of  the  material  giving  increased  frictional 
resistance  to  the  passage  of  water.  The  finest  particles  of  a  clay, 
that  portion  known  as  colloidal  clay,  when  freshly  precipitated  by 
brine  is  gelatinous  and  very  similar  to  a  mixed  precipitate  of  iron 
and  aluminum  oxides.  Its  volume  diminishes  greatly  on  drying  and 
it  swells  like  glue  when  water  is  applied.  It  is  principally  hydrous 
aluminum  silicate  but  probably  contains  other  bodies  with  absorptive 
powers  similar  to  those  of  clay. 

Of  course  no  phenomena  of  so  pronounced  a  character  as  just 
described  takes  place  in  any  sand  selected  for  use  in  our  experimental 
filters,  but  that  a  slight  excess  of  aluminous  material  in  or  on  the 
surface  of  the  sand  grains,  especially  when  accompanied  by  a  slight 
excess  of  calcareous  material,  exerts  considerable  influence  is  strongly 
indicated  by  a  comparison  of  observations  of  the  frictional  resistance 
to  the  passage  of  water  of  the  sands  of  Filters  Nos.  43  and  44. 

These  two  filters  contain  five  feet  in  depth  of  sand  of  an  efiective 
size  of  0.26  and  0.29  millimeter  respectively,  and  these  sizes  should 
give,  according  to  the  formula  and  the  use  of  1,070  as  the  value  of  c, 
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maximum  rates  of  72,000,000  and  90,000,000  gallons  per  acrer  daily 
respectively.  As  a  matter  of  fact,  however,  repeated  observations 
of  the  loss  of  head  at  known  rates  of  filtration  have  shown  that  the 
sand  of  Filter  No.  44,  the  coarser  of  the  two  by  mechanical  analysis, 
has  the  greater  friotional  resistance  to  the  passage  of  water  and  hence 
the  smaller  maximum  rate,  as  will  be  seen  by  examination  of  the 
table  already  given. 

Chemical  analysis  of  the  two  sands  shows  that  the  sand  grains  of 
Filter  No.  44  taken  as  a  whole  contain  slightly  more  alumina  than 
the  sand  grains  of  Filter  No.  43  taken  as  a  whole ;  and  those  grains 
in  Filter  No.  44  which  have  a  diameter  less  than  0.18  millimeter  con- 
tain nearly  twice  as  much  as  the  similar  grains  of  Filter  No.  43,  or 
0.95  and  1.75  per  cent,  respectively.  The  sand  of  Filter  No.  44 
contains,  by  Schloesing's  method,  0.75  per  cent,  of  calcium  car- 
bonate and  that  of  Filter  No.  43,  0.36  per  cent. 

It  may  be  mentioned  here  that  Filter  No.  44  has  always  been  a  more 
efficient  filter  in  removing  bacteria  than  Filter  No.  43.  In  1894  the 
effluent  of  Filter  No.  44,  filtering  Merrimack  River  water  at  an  aver- 
age rate  of  7,500,000  gallons  per  acre  daily,  contained  as  an  average 
only  0.70  per  cent,  of  the  number  of  the  applied  bacteria,  while  the 
effluent  of  Filter  No.  43,  filtering  at  an  average  rate  of  4,500,000 
gallons  per  acre  daily,  contained,  as  an  average  1.16  per  cent,  of  the 
number  of  the  applied  bacteria. 

A  very  white  North  Carolina  sand  examined  at  this  laboratory,  a 
medium  fine  sand  having  an  effective  size  of  0.20  millimeter,  would 
allow  only  one-third  of  the  volume  of  water  to  pass  through  it  that 
its  mechanical  analysis  indicated  as  its  maximum  rate.  Chemical 
analysis  showed  that  it  contained  1.25  per  cent,  of  alumina  and  2.10 
per  cent,  of  calcium  carbonate  by  Schloesing's  method,  and  the  finer 
particles  had  a  marked  pasty  feeling  and  appearance  when  wet. 

These  mixtures  of  clayey,  calcareous  and  silicious  particles  when 
in  the  right  proportion  in  a  soil  or  sand  behave  in  a  manner  similar 
to  cement ;  that  is  to  say,  the  sand  of  Filter  No.  44  and  the  white 
sand  last  mentioned  alwayjs  cling  together  in  lumps  when  dried  after 
saturation  with  water,  while  most  sands  fall  apart  in  separate  grains 
when  treated  in  the  same  manner.  This  cementing  is  much  more 
marked  in  the  white  sand  than  any  other  we  have  examined  and  is  a 
phenomenon  not  entirely  understood  but  obviously  very  important, 
as  showing  the  great  cohesion  particles  of  some  sands  have  for  each 
other  under  favorable  conditions. 
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Probably  no  more  favorable  condition  could  exist  for  sands  of  this 
nature  to  develop  their  maximum  frictional  resistance  than  in  a  filter 
which  is  being  used  to  purify  polluted  water  containing  considerable 
organic  matter,  for  here  the  sand  grains  are  being  gradually  covered 
with  a  thicker  gelatinous  film  of  organic  and  mineral  matter  the 
loDger  the  sand  continues  in  use.  The  sand  of  Filter  No.  44  is 
steadily  decreasing  in  quantitative  capacity  while  other  filter  sands 
of  a  harder  nature  have  reached  a  nearly  stationary  or  very  slowly 
decreasing  capacity. 


Effect  of  Unijbrmity  Coefficient  on  Maximum  Rate, 

The  uniformity  coefficient  is  the  ratio  of  A  to  B  where  the  values  of 
A  and  B  are  such  that  60  per  cent,  of  the  material  is  finer  than  A  and 
10  per  cent,  finer  than  B.  An  examination  of  the  tables  given  will 
show  that  the  sand  of  Filters  No.  43  and  48  have  a  uniformity 
coefficient  of  3.7  and  3.5  respectively,  while  the  sand  of  Filter  No. 
50  has  a  unifoimity  coefficient  of  2.4.  The  chemical  analyses  of 
these  sands  show  them  to  be  nearly  identical  in  composition.  Now 
if  we  examine  the  table  showing  maximum  rates  of  flow  at  different 
dates  we  see  that  the  present  maximum  rate  of  flow  of  Filter  No.  43 
is  but  53  per  cent,  of  what  it  was  during  the  first  week  or  two  of  its 
use,  and  the  maximum  rate  of  flow  of  Filter  No.  48  is  but  47  per 
cent,  of  what  it  was  at  first.  On  the  other  hand  the  maximum  rate 
of  flow  of  the  sand  of  Filter  No.  50  is  93  per  cent,  of  what  it  was  at 
first. 

As  has  been  stated  before,  the  measurements  of  frictional  resist- 
ance to  the  passage  of  water  were  all  made  in  the  lower  half  of  the 
filter  where  complications  from  the  accumulation  of  organic  matters 
were  almost  entirely  avoided,  and  these  greater  reductions  of  quan- 
titative capacity  in  the  case  of  Filters  No.  43  and  48,  as  compared 
with  Filter  No.  60,  are  believed  to  be  due  to  their  greater  compact- 
ness, caused  by  their  greater  uniformity  coefficient. 

If  a  filter  was  filled  with  sand,  all  of  whose  grains  were  spherical 
and  of  the  same  size,  they  would  take  their  most  compact  position 
very  quickly  and  the  open  space  would  not  be  reduced  except  by  the 
accumulation  of  foreign  matter.  On  the  other  hand,  if  they  were 
irregular  in  shape  and  size  they  would  reach  their  most  compact 
condition  more  slowly  and,  the  greater  their  irregularity,  the  greater 
their  variety  in  shape  and  size,  the  more  closely  compacted  they 


710  STATE  BOARD  OF  HEALTH.    [Pub,  Doc.  No.  34. 

could  become.  This  compacting  is  of  course  aided  by  the  flow  ot 
water  through  the  sand,  agitation  of  the  sand  caused  by  the  escape 
of  air  and  filling  the  filter  slowly  with  water  from  below  after 
scraping. 

JPresence  of  Loam. 

A  small  percentage  of  loam  mixed  with  a  sand  increases  the 
frictional  resistance  of  the  sand  to  the  flow  of  water  and  thus  de- 
creases its  maximum  rate.  This  loam  is  generally  detected  in  the 
mechanical  analysis  because  of  its  fineness  and  consequent  collection 
on  the  finest  sieves,  but  it  sometimes  occurs  as  a  thin  coating  on  the 
sand  grains  in  such  manner  as  to  be  almost  invisible  and  is  not 
shaken  off  during  sifting.  It  would  of  course  be  a  fruitful  source  of 
sub-surface  clogging  in  a  water  filter,  and  if  such  sand  is  to  be  used 
the  loam  should  first  be  removed  by  washing. 

In  the  bank  from  which  the  sand  for  the  Lawrence  city  filter 
was  obtained,  a  number  of  pockets  or  layers  of  sand  were  found 
apparently  of  a  grade  suitable  for  use  but  whose  value  was  lessened 
by  this  coating  of  loam  on  the  grains. 

Condusions, 

From  a  careful  study  of  the  accumulated  evidence  of  our  investi- 
gations on  the  flow  of  water  through  sand,  it  would  appear  that  all 
calculations  and  estimates  of  the  rate  at  which  water  can  be  filtered 
through  a  given  sand  with  the  use  of  a  given  head  should  be  b&sed 
upon  the  frictional  resistance  that  sand  will  have  when  it  has  reached 
its  normal  condition  of  compactness  in  a  filter.  Its  quantitative 
capacity  at  that  time  is  its  true  capacity,  or  maximum  rate,  what- 
ever may  be  the  results  obtained  during  the  first  few  days  or  weeks 
of  its  use. 

Its  maximum  rate  cannot  be  determined  by  any  set  value  for 
factor  c  for  all  sands,  but  experience  with  Filter  No.  50,  and  other 
shorter  experiments,  have  indicated  that  800,  when  the  values  of  A, 
d  and  I  are  the  same  as  given  before,  will  approximate  its  value  for 
sands  whose  uniformity  coeflScient  is  low. 

For  sands  whose  uniformity  coefficient  is  as  high  as  is  the  case 
with  Filters  No.  43  and  48,  the  use  of  550  as  the  value  of  c  would 
give  more  nearly  their  true  maximum  rate. 

These  conclusions  are  for  such  sands  as  we  have  used ;  sands 
from  other  localities  might,  and  probably  would,  give  different  results. 
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The  foliowiDg  report  embraces  the  operations  of  the  Board  relat- 
ing to  food  and  drug  inspection,  for  the  year  ending  Sept.  30,  1894, 
under  the  provisions  of  the  Acts  of  1882  and  1883. 

The  force  employed  in  this  department  of  work  was  as  follows :  — 

Dr.  Charles  P.  Worcester, •       #    Analyst, 

Prof.  Charles  A.  Goessmann, Analyst, 

Mr.  Albert  £.  Leach,    ......    Assistant  Analyst 

John  H.  Terry, Inspector. 

John  F.  McCaffrey, Inspector, 

Horace  F.  Davis •       .    Inspector. 

The  whole  number  of  samples  of  food  and  drugs  (including  milk) 
examined  during  the  year  was  6,874,  making  the  total  number  ex- 
amined since  the  beginning  of  work  under  the  provisions  of  the  food 
and  drug  acts  60,477. 

The  following  summary  embraces  the  work  done  during  the  year :  — 


Number  of  samples  of  milk  examined,  .  .  .  , 

Number  of  samples  above  standard,       .  .  .  . 

Number  of  samples  below  standard,  .  .  .  , 
Percentage  of  adulteration  or  deficiency, 

Number  of  samples  of  other  kinds  of  food  (not  milk). 
Number  of  samples  above  standard,  .  .  .  , 
Number  of  samples  below  standard,  .  .  .  , 
Percentaore  of  adulteration, 


Number  of  samples  of  druo;s  examined. 
Number  of  samples  of  good  quality,       .... 
Number  of  samples  adulterated,  as  defined  by  the'statutes, 
Percentage  of  adulteration,     .«...• 

Total  number  of  samples  of  food  and  drugs  examined, 
Total  number  found  to  be  of  good  quality,    , 
Total  number  not  conforming  to  the  statutes. 
Percentage  of  adulteration, 


3,651 
1,794 
l,7o7 
49.5 

2,836 

2,566 

270 

9.5 

487 

324 

163 

33.6 

6,874 

4,684 

2,190 

31.9 
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It  will  not  be  necessary  to  detail  in  full  the  reasons  for  the  differ- 
ences in  the  foregoing  figures  between  the  percentages  of  adulteration 
which  are  found  upon  examination  to  exist  in  relation  to  milk  and 
other  articles  of  food,  since  the  cause  of  the  great  discrepancy  has 
been  made  sufficiently  plain  in  previous  reports.  It  is  sufficient 
therefore  to  state  here  that  the  percentage  of  adulteration  of  milk 
(nearly  one-half  of  the  whole  number  of  samples,  or  49.5  per  cent.) 
largely  represents  natural  deficiencies  and  not  artificial  adulteration ; 
in  other  words,  a  very  large  portion  of  the  milk  as  produced  at  the 
dairies  is  below  the  legal  standard  when  first  drawn  from  the  cow. 

The  following  summary  presents  the  statistics  of  the  work  done 
under  the  food  and  drug  acts  for  the  entire  period  of  twelve  years 
ending  with  Sept.  30,  1894 :  — 


«       • 
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The  foregoing  table  shows  the  entire  cost  of  enforcement  of  the 
food  and  drug  acts  for  the  twelve  years  1883-94  to  have  been 
$105,150.74.  The  average  cost  of  examination  of  each  sample, 
when  all  expenses  are  considered,  for  the  whole  period,  was  $1.74. 
This,  however,  includes  the  whole  cost  of  collection  and  analysis, 
with  such  other  expenses  as  were  incurred  under  the  provisions  of 
the  statutes,  including  the  cost  of  complaints  entered  at  court,  and 
the  employment  of  counsel  in  a  few  cases  only. 

It  also  appears  that  the  average  cost  per  sample  has  been  reduced 
from  $2.26  in  the  first  year  (1883)  to  $1.52  in  the  last  year  (1894). 
There  was  a  slight  increase  in  1889,  which  was  followed  by  a 
gradual  and  comparatively  uniform  decrease  in  the  average  cost  from 
that  year  until  the  date  of  the  present  report. 

The  actual  improvement  secured  by  the  operation  of  the  food  and 
drug  act,  and  the  advantage  which  the  people  of  the  State  derive 
therefrom,  cannot  be  precisely  stated  from  the  foregoing  figures,  for 
reasons  which  have  been  fully  detailed  in  previous  reports.  It  is 
sufficient  to  remark  that  the  action  of  Massachusetts  in  this  direction 
has  been  very  highly  commended,  not  only  by  the  officials  of  the 
United  States  government  who  have  similar  work  under  their  charge, 
but  also  by  the  executive  authorities  of  other  States  of  the  Union, 
many  of  which  have  enacted  laws  similar  to  our  own,  but  have  failed 
to  make  the  appropriations  essential  to  their  enforcement. 

The  work  of  the  Board  in  this  department  in  the  earlier  years 
following  the  enactment  of  the  adulteration  acts  was  done  at  con- 
siderable disadvantage,  in  consequence  of  the  necessity  of  dividing 
it  between  several  different  laboratories  located  in  different  places. 
After  nearly  ten  years  of  divided  work  this  principal  portion  of  the 
food  and  drug  inspection  of  the  State  was  brought  under  the  super- 
vision of  one  analyst  and  into  one  laboratory,  at  994  Washington 
Street ;  and  finally,  at  the  close  of  1894,  the  entire  work,  with  the 
exception  of  the  examination  of  the  milk  of  western  Massachusetts, 
was  removed  to  the  new  laboratory  in  the  State  House  Annex, 
where  it  is  now  conducted.  The  great  advantage  of  this  concentra- 
tion can  only  be  best  appreciated  by  those  who  are  intimately  con- 
cerned in  its  execution. 

The  report  of  the  analyst,  which  follows  this  introductory  state- 
ment, contains  certain  points  which  are  worthy  of  special  comment. 
In  addition  to  the  usual  routine  statement  relating  to  the  amount  of 
work  done  in  the  examination  of  different  articles  of  food,  a  special 
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statement  is  presented  of  the  results  of  analysis  of  36  samples  of 
cream  obtained  from  retail  dealers. 

The  paragraph  relating  to  spices  is  specially  noteworthy,  since  it 
shows  that  only  9  per  cent,  of  the  whole  number  was  found  to  be 
adulterated.  This  is  a  smaller  percentage  than  that  of  any  previous 
year,  and  shows  the  actual  benefits  derived  from  this  law  better  than 
in  the  case  of  other  articles  of  food,  since  the  samples  of  spices 
were  obtained  during  the  different  years  under  comparatively  uni- 
form conditions.  It  goes  without  saying  that  the  number  of  whole- 
sale spice  dealers  in  Massachusetts  who  take  pride  in  the  production 
of  pure  goods  has  largely  increased  since  1883. 

The  following  table  presents  the  percentage  of  adulteration  found 
in  examination  of  spices  obtained  by  the  inspectors  of  the  Board 
from  1883  to  1894,  inclusive  :  — 


YSABB. 

Per  Cent. 

of 

Adulteration. 

Tbam. 

FerCcDt. 

of 

AdolteratlOD. 

1883,    

1884 

1885,    

1886 

1887,    

1888,    

65.8 
50.3 
48.8 
34.0 
25.1 
16.5 

1 

1889,    

1890,    

1891, 

lOviS,     •           •          •          ■           . 

1898, 

1894,    

15.4 
18.8 
17.8 
13.6 
14.0 
9.0 

The  statement  of  the  analyst  in  regard  to  the  examination  of  the 
contents  of  tin  cans  containing  articles  of  food  is  worthy  of  serions 
consideration.  The  report  shows  that  analyses  were  carefully  made, 
and  indicated  not  only  the  presence  of  tin  but  also  that  quantitative 
analyses  were  made  proving  that  the  amounts  of  this  metal  were 
present  in  quite  appreciable  quantities.  The  following  statement  of 
the  analyst  is  repeated  in  full,  since  it  has  an  important  bearing 
upon  the  subject :  — 

The  poisonous  nature  of  tin  salts  in  small  doses,  as  established  by  ex- 
periments on  animals,  is  unquestioned.  It  would  seem  a  reasonable  infer- 
ence that  so  large  an  amount  as  250  milligrammes  (calculated  as  Sn  Oj)  in 
a  can  of  650  cubic  centimeters  contents  is  not  a  safe  constituent  of  this 
food. 

An  important  part  of  the  present  report  is  that  which  relates  to 
the  inspection  of  intoxicating  liquors  used  as  beverages.     Hitherto, 
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nearly  if  not  quite  all  of  the  examinations  of  wines  and  liqaors  have 
been  confined  to  those  which  were  sold  as  drugs  and  were  obtained 
at  the  drug  stores.  The  quality  of  these  has  been  made  the  subject 
of  special  comment  in  previous  reports,  and  especially  in  that  of 
1885  (seventh  supplement,  Health,  Lunacy  and  Charity). 

The  following  paragraph  from  the  second  section  of  the  food  and 
drug  act,  as  amended  by  chapter  171  of  the  Acts  of  1886,  includes 
all  articles  used  as  beverages  under  the  term  **  food,"  and  for  the  pur- 
poses of  the  act  makes  intoxicating  drinks  legally  articles  of  *^  food,*' 
independently  of  the  physiological  aspect  of  the  question  :  — 

The  term  ^'  food,"  as  used  herein,  shall  include  confectionery,  condiments 
and  all  articles  used  for  food  or  drink  by  man.  (Acts  of  1882,  263,  §  2  ; 
1886,  171.) 

With  this  statute  in  view,  a  collection  of  liquors  was  made  from 
the  saloons  and  drinking-places  of  the  principal  cities.  This  collec- 
tion included  the  different  kinds  of  distilled  liquors,  ale,  beer  and 
cider,  to  the  number  of  175. 

The  results  of  the  analysis  show  (1)  that  intoxicating  liquors  used 
as  beverages  are  quite  as  liable  to  adulteration  as  other  articles 
which  are  legally  classed  as  **  food ; "  and  (2)  that  the  adulterations 
are  mainly  of  a  harmless  character,  the  chief  harmful  or  poisonous 
ingredient  being  the  alcohol  which  they  contain. 

The  examinations  of  liquors  used  as  beverages  confirm  the  fol- 
lowing statements  previously  made  in  the  reports  of  the  Board 
relative  to  the  quality  of  liquors  sold  as  drugs :  — 

These  examinations  have  also  shown  the  falsity  of  a  popular  impression 
.  .  .  that  the  harmful  effect  of  the  habitual  use  of  alcoholic  stimulants  is 
due  to  the  adulterations  to  which  they  are  subjected  rather  than  to  the 
alcohol  which  they  contain.  It  is  sufficient  to  say  that  such  statements 
have  no  foundation  in  fact.     (Seventh  supplement,  1885,  pages  81,  82.) 

Not  a  single  sample  of  adulterated  spirits,  in  the  popular  understand- 
ing of  that  term,  that  is,  one  containing  a  more  injurious  ingredient  than 
alcohol  itself,  was  met  with,  although  very  few  were  exactly  what  they 
purported  to  be. 

Referring  to  wines  the  analyst  says  :  — 

Fortunately,  as  in  the  case  of  the  spirits  examined,  alcohol  has  been  the 
most  injurious  ingredient  found  present  in  the  samples.  (Report  of  the 
analyst  of  drugs,  seventh  supplement,  1885,  pages  184,  186.) 
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The  great  and  serioas  harm  to  which  a  very  large  part  of  the 
population  is  constantly  exposed  by  the  consumption  of  intoxicating 
liquors  is  undoubtedly  due  almost  entirely  to  the  alcohol  contained 
in  them  and  not  to  other  ingredients,  either  natural,  accidental  or  of 
a  fraudulent  nature. 

Milk  Inspection. 

The  statutes  provide  that  "  not  less  than  three-fifths"  of  the  ap- 
propriation under  the  food  and  drug  acts  must  be  expended  in  the 
enforcement  of  the  laws  relating  to  the  adulteration  of  milk  and 
milk  products,  thus  recognizing  the  importance  of  these  articles  as 
constituents  of  the  food  supply. 

While  the  enforcement  of  these  laws  undoubtedly  exercises  a 
degree  of  influence  in  promoting  the  public  health,  it  must  be 
admitted  that  the  chief  result  of  the  execution  of  the  laws  is  of  a 
commercial  character ;  that  is  to  say  the  adulteration  of  milk  is  con- 
sidered mainly  as  a  commercial  fraud,  while  the  actual  harm  done  to 
the  consumer  by  the  various  processes  which  impoverish  the  milk 
is  apt  to  be  overlooked.  Hence  the  dishonest  milk  producers  and 
the  milk  vendors  usually  have  a  much  greater  dread  of  the  exposure 
of  their  criminal  acts  and  the  resulting  penalty  than  they  have  of 
the  more  rare  occurrence,  the  loss  of  trade,  which  occasionally 
follows  the  outbreak  of  some  infectious  disease  among  the  con- 
sumers of  milk.  It  has  not  infrequently  happened  that  the  milk 
vendor  who  finds  his  business  suddenly  diminishing  bitterly  com- 
plains that  the  health  oflSicials  are  injuring  him,  when  as  a  matter  of 
fact  the  loss  of  business  had  already  begun  before  the  matter  had 
come  to  the  notice  of  the  sanitary  authority,  since  the  public,  who 
are  gradually  becoming  more  enlightened  in  regard  to  public  health 
questions,  had  noticed  the  coincidence  of  the  outbreak  with  the  route 
of  some  milkman,  and  reasonably  regarded  these  circumstances  as 
being  in  the  line  of  cause  and  effect. 

In  a  later  part  of  this  report  may  be  found  further  investigations 
in  this  direction  by  Prof.  W.  T.  Sedgwick,  in  addition  to  those 
which  were  published  by  the  same  author  in  the  report  of  the  Board 
for  1892  relative  to  typhoid  epidemics  due  to  infected  milk  supplies 
in  Springfield  and  Somerville.  These  epidemics  show  conclusively 
the  need  of  legislation  which  shall  provide  for  the  sanitary  care  and 
inspection  of  dairies  with  the  same  degree  of  efficiency  as  now  exists 
in  those  statutes  which  were  enacted  to  prevent  the  adulteration  of 
milk. 
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The  following  quotation  from  the  ^*  London  Lancet"  (1894,  page 
992)  refers  to  th^  English  epidemic  which  is  mentioned  by  Professor 
Sedgwick  on  a  later  page :  — 

A  farm  on  which  there  had  been  a  case  of  typhoid  fever  furnished  milk 
to  the  creamery.  This  milk  was  of  course  mixed  with  that  of  the  other 
patrons  and  separated,  the  patrons  taking  the  skim-milk  home.  Out  of 
about  twenty-four  farms  dealing  with  the  creamery  twelve  suffered  with 
the  disease,  while  all  the  farms  in  that  district  not  dealing  with  it  —  about 
one  hundred  and  eighty  —  escaped  except  two,  and  the  infection  was  indi- 
rectly conveyed  to  these.  The  persons  attacked  had  been  in  the  habit  of 
drinking  the  skim-milk.  Of  the  twelve  farms  which  escaped  the  epidemic, 
on  some  the  skim- milk  was  not  used  without  boiling,  and  on  the  others  it 
was  given  only  to  joung  cattle  and  pigs.  Farmers  in  the  infected  district 
who  carried  their  milk  to  another  creamery  were  not  attacked.  Of  twenty- 
three  cases  which  occurred  in  the  town  in  the  district,  nineteen  used  skim- 
milk  and  the  remaining  four  had  milk  from  the  infected  dairies.  In  all  — 
in  the  town  and  rural  district  —  there  were  sixty-one  cases  of  typhoid 
fever,  <  *  every  one  of  which  was  capable  of  being  easily  traced  back  to 
the  imported  one.  Fifty-two  contracted  the  disease  directly  through  the 
creamery,  and  the  remaining  nine  indirectly  by  means  of  food  or  milk  from 
dairies  which  became  infected  secondarily." 

To  account  for  the  infection  of  the  milk  from  the  first  case,  the  author 
foand  that  the  person  attacked  with  the  disease  was  nursed  by  one  of  the 
dairy  maids,  ^*  and  in  several  of  the  dairies  subsequently  visited  I  found 
the  dairy  maids  acting  in  the  dual  capacity  of  milkers  and  nurses  ;  in  fact, 
I  saw  sufficient  to  convince  me  that  if  the  infection  once  got  on  the  hands 
it  had  every  opportunity  of  eventually  reaching  the  milk." 

In  regard  to  the  germs  of  the  disease  the  author  says :  — 

^^  The  typhoid  bacillus  measures  about  the  ten-thousandth  part  of  an 
inch,  and  Dr.  Klein  has  demonstrated  that  it  is  capable  of  doubling  its 
numbers  in  thirty  minutes.  A  streak  of  these,  therefore,  on  the  finger,  a 
quarter  of  an  inch  in  length  and  of  microscopical  width,  will  contain  about 
twenty-five  hundred  germs,  and  if  they  find  their  way  into  the  milk  they 
will  number  about  forty  thousand  at  the  end  of  two  hours,  —  quite  sufficient 
to  spread  disease  broadcast  through  all  the  dairies  around  any  butter 
factory." 

The  author  emphasizes  the  liability  of  spread  of  infectious  diseases,  as 
scarlet-fever,  diphtheria,  cholera,  etc.,  through  the  medium  of  creameries, 
where  even  a  single  patron  is  careless;  and  concludes  that  "'wherever  a 
creamery  exists,  there  a  sanitary  policeman  should  secure  the  proper 
management  of  the  dairies."  He  cites  the  stringent  rules  of  the  Denmark 
creameries,  imposing  fines  upon  any  patron  delivering  milk  during  an  out- 
break of  an  infectious  disease  in  his  family  or  stock. 
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Warning  Notices  to  Retailers. 

The  foIlowiDg  list  embraces  the  names  of  the  cities  and  towns  to 
which  notices  were  sent  during  the  year,  stating  that  the  parties  to 
whom  they  were  sent  were  found  to  be  retailing  food  and  drags 
which  were  found  to  be  below  the  required  standard  of  purity. 

This  form  of  notice  was  adopted  by  the  Board  at  the  beginning 
of  its  work  under  the  food  and  drug  acts.  It  is  not  required  by  the 
statutes,  and  is  usually  sent  only  to  retailers  in  cases  where  there  is 
presumptive  evidence  that  the  retailer  may  not  be  aware  of  the  fact 
that  the  articles  which  he  sells  are  below  the  standard  of  purity 
required  by  the  statute.  Failure  to  receive  such  notice  in  any  given 
case,  however,  cannot  be  understood  as  relieving  the  retailer  from 
liability  to  complaint  at  court. 

Cities  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulterated  Drugs, 


Boston, 
Chelsea, 
Chicopee,     . 
Fall  River,  . 
Fitchburg,    . 
Gloucester,  . 
Lowell, 
Marblehead, 


12  !   Milford, 


1 
1 
S 
1 
1 
2 
1 


North  Adams, 

Salem, . 

South  Framingham, 

Springfield, . 

Wobum, 


Total, 29 


Cities  and  Toums  to  which  Notices  were  sent  on  Account  of  Adulterated  Articles  o) 

Food  other  than  Milk, 


Avon,    . 
Boston, 

2 
48 

Plymouth,    . 
Provineetown, 

1 

1 

Brookline,    . 

1 

Read  vi  He,     . 

1 

Cambridge, . 

9 

4 

Salem, . 

2 

Chelsea, 

2 

Soraerville,  . 

1 

Fall  River,  . 
Lowell, 

1 
2 

Springfield, . 
Taunton, 

1 

3 
6 

Lynn,    . 
Marblehead, 

2 
2 

Ware,  . 
Watertown, . 

1 

1 

Noithampton, 
Pittsfield,      . 

1 
1 

Total 78 
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OUiea  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulterated  Milk. 


Beverly, 2 

BostoD, 14 

Brockton, 1 

Brookline, 7 

Cambridge, 19 

Chelsea, 80 

Dedham, *   3 

Everett, 3 

Fall  River, 13 

Fitchburg, 3 

Gloacester, 7 

Hingham, 1 

Hoi  yoke, 1 

Hyde  Park, 8 

Lawrence, 4 

Littleton, 6 

Lunenburg, 1 

Maiden, 18 

Marblehead, 9 

Marlborough, 2 

Medford, 9 

Melrose, 3 

Mendon, 2 

Milford 1 


Nantaskei, 2 

Natick 8 

Newton, 7 

North  Adams, 3 

North  Reading,       ....  7 

Peabody, 2 

Provincetown,         ....  6 

Quincy, 5 

Readville, 1 

Revere, 16 

Salem, 8 

Salisbury, 2 

Somerville, 32 

Stoneham, 1 

Taunton, 1 

Upton, 1 

Waltham 9 

Winchester, 7 

Winthrop, 6 

Wobum, 7 

Worcester, 2 


Total, 


.  287 
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Prosecutions. 

In  the  reports  of  the  last  two  years  a  condensed  sammary  was  pre- 
sented, showing  the  naniber  of  prosecations  conducted  in  each  year 
since  the  beginning  of  work  under  the  food  and  drug  acts.  The  fol- 
lowing table  presents  the  same  figures,  with  the  addition  of  those  for 
the  year  ending  Sept.  30,  1894  :  — 

Number  of  Complaints  Entered  in  Court, 


Ybab. 

Food 

not  Including' 

Milk. 

Drugs. 

Milk. 

Total. 

Convlctloni. 

Finea 
Imposed. 

1883, 

1884, 

1885,* 

1886,t 

1887, 

1888, 

1889, 

1890, 

1891, 

1892, 

1893, 

1894, 

2 
60 
10 
30 
22 
74 
78 
96 
62 
26 
14 

5 

1 
1 

6 

12 

3 

4 

46 
68 
10 
34 
43 
66 
24 
49 
72 
67 
76 

9 

48 

119 

20 

64 

66 

140 

102 

160 

136 

96 

90 

8 
44 

103 
19 
60 
61 

124 
96 

136 

123 
92 
77 

12,042  00 
3,889  00 
3.919  00 
2,668  00 
3,661  70 
2,476  00 
2,625  00 

Total 

8, 

1 

464 

27 

668 

1,039 

942 

121,280  70 

•  To  May  1, 1886. 


t  Fonr  mootba  only. 


X  No  record  kept. 


Ratio  of  convictions  to  complaints,  90.7  per  cent. 

« 

Note.  —  All  complaints  entered  before  May  1, 1886,  were  under  the  direction 
of  the  Board  of  Health,  Lunacy  and  Charity,  and  all  after  that  date  were  under 
the  direction  of  the  State  Board  of  Health. 


The  following  report  was  presented  to  the  Legislature  in  January, 
1895,  in  compliance  with  the  provisions  of  the  statutes :  — 


Officb  of  thb  Statb  Board  of  Health, 

State  House,  Boston,  Janaary,  1895. 

To  the  Honorable  Senate  and  House  of  Representatives  of  the  Commonwealth  of 

Massachusetts  in  General  Court  assembled. 

The  following  summary  is  made  in  compliance  with  the  provisions  of 
chapter  289,  section  2,  of  the  Acts  of  1884,  requiring  the  State  Board  of 
Health  to  '^  report  annually  to  the  Legislature  the  number  of  prosecutions 
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made  onder  chapter  263  of  the  Acts  of  1882,  and  an  itemized  account  of 
all  money  expended  in  carrying  oat  the  proyisions  thereof." 

The  whole  number  of  prosecutions  made  by  authority  of  the  Board 
against  offenders,' und^r  thb  provisions  of  the  food  and  drug  acts,  for  the 
year  ending  Sept.  30,  189€,  was  90. 

The  cities  and  towns  in  which  the  articles  were  sold,  and  in  respect  to 
which  complaints  were  entered  in  court,  the  character  of  the  articles  found 
to  be  adulterated,  or  fraudulently  sold,  the  dates  of  the  trials  and  their 
result,  are  presented  in  the  following  table :  -—    . 


Milk  and  Milk  Pboouots. 
Far  Fraudulent  Sales  of  Milk, 


Plaos. 

Dati. 

Bmult. 

In  Boston, 

Dec. 

1,  1893,      ....       Convicted. 

Boston, 

Dec. 

21,  1893, 

«4 

Boston, 

Jan. 

86,  1894, 

44 

Boston, 

April 

7,  1894, 

44 

Fall  River, 

.      Oct. 

19,  1893, 

44 

Fall  River, 

.      Oct 

19,  1893, 

44 

Fall  River, 

.      Oct 

19,  1893,      . 

44 

Fall  River, 

Nov. 

1,  1893, 

U 

Fall  River, 

June 

28,  1894, 

•• 

Fall  River, 

June 

28,  1894,      . 

Acquitted. 

Fall  River, 

July 

25,  1894, 

Convicted. 

Fall  River, 

,      July 

25,  1894, 

41 

Fall  River, 

Aug. 

7,  1894,      . 

44 

Fall  River, 

Aug, 

21,  1894,      . 

44 

Fall  River, 

Sept. 

19,  1894,      . 

«« 

Fall  River, 

Sept. 

19,  1894,      . 

Acquitted. 

Fall  River, 

.      Sept 

28,  1894,      . 

Convicted. 

Fall  River, 

Sept 

28,  1894,      . 

44 

Lynn, 

Nov. 

8,  1893,      . 

Acquitted. 

Lynn, 

Nov. 

3,  1893,      . 

44 

Lynn, 

Nov. 

3,  1893,      . 

• 

• 

44 

Lynn, 

Nov. 

3,  1893,      . 

• 

44 

Lynn, 

Nov. 

3,  1893,      . 

f 

M 

Lynn, 

Nov. 

8,  1893,      . 

44 

Lynn, 

•      Nov. 

3,  1893,      . 

t 

44 

SoDierville, 

.      July 

6,  1894,      . 

Convicted. 

Somerville, 

July 

18,  1894,      , 

44 

Somerville, 

.      July 

13,  1894,      . 

f 

44 

Somerville, 

Sept 

8,  1894,      . 

U 

Chelsea,    . 

Nov. 

2,  1893,      . 

Acquitted. 

Chelsea,    . 

Sept 

28,  1894,      . 

• 

1 

• 

Convicted. 

Springfield, 

.      Oct 

27,  1898,       . 

it 

Quincy,     . 

Dec. 

14,  1893,       . 

44 
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Far  Fraudulent  Sales  of  MUk— 

Concluded. 

Placb. 

Dati.                                                                Bksult. 

Id  Qiiincj,     .        • 

.      Dec.      30,  1893,      ....       Convicted. 

Quincy,     . 

.      May      26,  1894, 

u 

Quincy,     . 

.      May      26,  1894, 

It 

Newton,    . 

.      March  24,  1894, 

(1 

Newton,    • 

.      March  24,  1894, 

u 

Waltham, 

.      Feb.       19,  1894, 

u 

Maiden,    . 

.      March  18,  1894,      . 

M 

Fitchburg, 

.      July      26,  1894,      . 

U 

Fitchburg, 

.      July      26,  1894,      . 

U 

Fitchburg,        • 

.      Aug.      22,  1894, 

u 

Fitchburg, 

•      Aug.      22,  1894,      , 

u 

Salem,      . 

.      Aug.      17,  1894, 

M 

Salem,      •        • 

.      Aug.        2,  1894,      . 

U 

Salem, 

.      Sept.     80,  1894,      . 

t» 

Lincoln,    . 

.      Oct.         4,  1893,      , 

U 

HoUiston, 

.      Oct          7,  1893,      . 

(t 

Fram Ingham,  . 

.      Dec.       21,  1893,      . 

<( 

Framingham,  • 

.      March      8,  1894, 

U 

Walpole, 

.      Dec.       12,  1893,      . 

u 

Walpole, 

.      Dec.       IS,  1893,      . 

Acquitted. 

Wrentham,      .        • 

.      Dec.       13,  1893,      . 

u 

Canton,    . 

.      Dec.       14,  1893,      < 

Convicted. 

Revere,    . 

.      Feb.       23,  1894,      . 

u 

Revere,    • 

.      Aug.       28,  1894,      . 

(t 

Concord,  . 

.      Aug.       26,  1894,      . 

(t 

Burlington, 

.      May       16,  1894,      . 

II 

Winchester, 

May       17,  1894,      , 

II 

Winchester, 

.      May       21.  1894,      . 

Hingham, 

.      Aug.        3,  1894, 

II 

Dedbam, 

.      Aug.       13,  1894, 

It 

Dedham, 

Aug.       13,  1894, 

It 

Bedford, 

.      Aug.         2,  1894, 

11 

Peabody, 

.      Aug.       17,  1894,      . 

II 

Peabody, 

.      Aug.       17,  1891,      . 

It 

Peabody, 

.      Aug.       17,  1894,      . 

M 

Peabody, 

.      Sept.       20,  1894,      . 

II 

Danvers, 

.      Sept.       20,  1894,      . 

II 

Nahant,   • 

.      Sept.       21,  1894,      . 

U 

Nahant,   . 

.      Sept.       21,  1894,      . 

It 

Nahant,   . 

.      Sept.       21,  1894,       . 

II 

Provincetown, 

.      Aug.       24,  1894.       . 

II 

Chesire,           . 

.      Sept.       27,  1894,      . 

Acquitted. 

Westport,        .        • 

.      Sept       19,  1894,      . 

Convicted. 
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For  Fraudulent  Sales  of  Other  Articles  of  Food. 

Molasses, 

Placb.  DATS.  Rksult. 

In  North  Adams,         ,        .      Oct        23,  1893,      ....       Convicted. 
North  Adams,  .        .      Oct.        23,  1893,      .... 

Lowell,    ....      July       25,  1894,      ....  *• 

Coffee. 

Id  North  Adams,  .        .      Oct.        23,  1893,      ....       Convicted. 

Chicopee,         .        .        .      Nov.       17,  1893,      ....  " 

Cream  of  Tartar, 

In  West  Gardner,         .        .      Nov.      16,  1893,      ....      Convicted. 
Salem,      ....      Aug.        2,  1894,      ....  '« 

Eoney, 
In  Boston,    ....      May       29,  1894,      ....      Convicted  i 

Mustard. 

In  Boston,     .  .  •  •  Oct.  27,  1893,  ....  Convicted. 

Taunton,  .  .  Jan.  11,  1894,  .        .  .  " 

Taunton,  .  .  Jan.  18,  1894,  ....  " 

Taunton,  .  .  .  Jan.  18,  1894,  ....  •* 

Pepper, 

In  Boston,    ....      Oct.        27,  1893,      ....      Convicted. 
Chicopee,         .        .        .      Nov.       17,  1898,      ....  ** 

Summary. 

Complaints  entered  in  court  under  the  acts  relating  to  the  inspection  of 

milk  and  milk  products, 76 

Other  articles  of  food, 14 

Total, 90 

The  whole  number  of  complaints  entered  by  the  State  Board  of  Health 
during  the  year  ending  Sept.  30, 1894,  in  the  courts  of  the  Commonwealth, 
jagalnat  parties  for  violation  of  the  statutes  relating  to  food  and  drug 
inspection  was  90. 

In  77,  or  85.5  per  cent.,  of  these  the  parties  were  convicted.  Thirteen 
were  discharged  either  in  the  district,  municipal  or  superior  courts.  Of 
this  number  7  occurred  in  one  city  and  under  unusual  circumstances. 

Of  the  whole  number,  76  were  for  violation  of  the  laws  relating  to  milk 
adulteration,  and  of  this  number  63  resulted  in  conviction.  The  greater 
number  of  these  was  for  violation  of  the  statute  providing  that  milk 
offered  for  sale  shall  be  of  good  standard  quality. 
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Tn  2  of  the  foregoing  cases  the  complaint  was  for  sale  of  milk  from  cans 
not  properly  marked,  and  1  of  these  was  an  adulterated  skimmed  milk. 
Two  cases  were  for  sales  of  milk  containing  coloring  matter,  and  1  con- 
tained boracic  acid. 

Of  the  14  complaints  for  fraudulent  sales  of  other  kinds  of  food,  aU  of 
the  parties  were  convicted.  The  articles  of  food  embraced  in  this  list  were 
as  follows :  — 

Molasses,  8  cases ;  coffee,  2  cases ;  mustard,  4  cases ;  cream  of  tartar, 
2  cases ;  honey,  1  case ;  pepper,  2  cases. 

The  standard  of  whole  milk  in  Massachusetts  is  13  per  cent,  of  solid 
residue,  except  in  May  and  June,  when  it  is  12  per  cent.  The  following 
list  presents  the  total  solids  in  all  the  samples  of  milk  upon  which  com- 
plaints were  founded,  so  far  as  records  of  the  same  were  kept :  — 

5.41  10.00  10.48  10.72  11.08  11.40  11.54 

6.89  10.02  10.50         10.88  11.10  11.46  11.62 


8.90 

10.06 

10.55 

10.90 

11.20 

11.46 

11.63 

9.17 

10.10 

10.60 

10.92 

11.20 

11.49 

11.70 

9.80 

10.10 

10.62 

10.95 

11.20 

11.50 

11.72 

9.31 

10.20 

10.64 

10.96 

11.27 

11.53 

11.96 

9.46 

10.21 

10.64 

10.99 

11.30 

11.53 

12.00 

9.76 

10.32 

10.68 

11.00 

11.30 

11.54 

9.94 

10.40 

10.69 

11.05 

11.34 

11.54 

9.94 

10.40 

10.69 

11.07 

11.40 

11.54 

The  total  number  of  samples  of  food  and  drugs  examined  daring  the 
year  was  as  follows  :  — ■. 

Milk, 3.561 

Other  articles  of  food, 2«836 

Drugs, 487 

Total, 6,874 

Total  expenses  of  collection,  examination  and  prosecution,       .        .     110,364  64 
Average  expense  per  sample  collected, 1  53 

Fines. 

The  amount  of  fines  paid  into  the  treasuries  of  counties,  cities  and  towDS 
under  the  provisions  of  the  general  and  special  laws  relative  to  the  inspec- 
tion of  food  and  drugs  was  as  follows :  ^- 

Fines  paid  for  ViolcUion  of  the  Food  and  Drug  Acls^  upon  Casta  entered  for  the 

Year  ending  Sept.  30, 1894. 

Under  the  provisions  of  the  laws  relating  to  milk  and  milk  products,       (2,607  00 
Under  the  provisions  of  the  laws  relating  to  other  articles  of  food,  .  118  00 

Total, (2,626  00 
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Expenditures. 

Under  the  Provisions  of  the  Food  and  Drug  Acts  during  the  Tear  ending  Sept. 

30, 1894. 


FOI  THS  EVFOIOUf  BUT  OP  THE  STATOTM 

ucLATXva  TO  Food  amd  Dn« 

ImPBOTIOW. 


B«l«tlTetoMUk 

and 
If  nk  Prodaete. 


BeUtlTc  to  OUmt 

Kindt  of 
Food  and  Drags. 


Salaries  of  analysts, 

Salaries  of  inspectors, 

Travelling  expenses  and  purchase  of  samples,   . 

Apparatus  and  chemicals, 

Furniture  and  fittings  at  laboratory,    . 

Legal  services, 

Gas, 

Extra  services, 

Milk-cans,  ta^rs,  washing  windows  and  sundry 
small  supplies, 


Total, 


•2,750  00 

2,500  00 

998  05 

141  20 

1  95 

5  00 

12  00 

80  00 

24  29 


16,462  49 


11,750  00 

1,400  00 

661  95 

64  20 


8  00 
18  00 


13,902  15 
6,462  49 

(10,364  64 


SAM'L  W.  ABBOTT, 

Secretary, 
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EEPORT  OF  DR.  C.  P.  WORCESTER,  ANALYST. 


Dr.  S.  W.  Abbott,  Secretary  of  the  State  Board  of  Healths 

Dear  Sir  ;  —  I  have  the  honor  to  report  the  analysis  of  foods  and 
drugs  for  the  year  beginning  Oct.  1, 1893,  and  ending  Sept.  30, 1894. 

The  Laboratory* 

The  work  of  this  department  has  been  done  during  the  last  year 
in  the  temporary  laboratory  at  994  Washington  Street,  Boston.  At 
the  close  of  the  year  we  moved  into  the  permanent  laboratory  which 
was  just  completed  on  the  fifth  floor  of  the  State  House  Extension. 

This  laboratory,  which  was  specially  designed  to  meet  our  re- 
quirements, consists  of  two  rooms  lighted  by  south  windows  and 
also  by  skylight.  These  two  rooms  are  provided  with  asphalt  floors, 
which  are  shellacked  to  facilitate  cleaning.  They  are  ventilated  by 
a  four-foot  exhaust  fan,  which  is  driven  by  an  electric  motor  and 
which  draws  from  a  system  of  ventilators  and  hoods  in  both  rooms. 

The  larger  room,  sixty  by  twenty-five  feet,  is  subdivided  into  an 
inspector's  anteroom  fitted  with  lockers  for  samples,  a  dark  room  for 
storage  and  for  work  with  the  spectroscope  and  polariscope,  a  sepa- 
rate balance  room  and  a  photographic  dark  closet.  There  are  sixty- 
eight  feet  of  tiled  workbenches  with  sinks,  one  of  which  is  hooded, 
small  hoods  for  various  purposes,  glass  cases,  cupboards,  etc. 

Milk. 

The  total  number  of  milk  samples  analyzed  during  the  }'ear  has 
been  3,368,  or  295  more  than  last  year.  Of  this  number  all  but  169 
samples,  which  are  from  suspected  producers,  are  from  dealers  in 
cities  and  towns  chiefly  in  the  eastern  part  of  the  State.  Forty-nine 
per  cent,  are  below  the  standard,  a  number  which  closely  agrees  with 
similar  averages  for  years  past.  It  must  be  said  that  so  large  a 
number  of  samples  taken  from  dealers  at  random  represents  fairly 
the  quality  of  the  milk  supply  of  the  State.  This  percentage  of  49 
below  the  standard  includes  some  samples  of  milk  of  standard  quality 
which  had  been  purposely  adulterated  ;  but  it  is  apparently  true  that 
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the  samples  of  this  class  are  comparatively  very  few,  and  that  this 
percentage  of  samples  below  the  standard  represents  nearly  the 
quality  of  the  milk  as  produced. 

If,  as  is  asserted  by  farmers,  it  is  not  difficult  to  maintain  a  13 
per  cent,  milk  as  the  mixed  product  of  a  herd,  it  is  apparent  that 
a  greater  effort  is  needed  to  call  the  attention  of  the  milk  producers 
to  the  desirability  or  to  the  necessity  of  improving  the  quality  of 
their  herds.  If,  on  the  other  hand,  13  per  cent,  of  solids  is  an  im- 
practicable standard,  the  fact  should  be  squarely  recognized  and  met. 

The  total  solids  have  been  determined  by  evaporation  in  every 
case,  and  the  fat  has  been  determined  by  the  Babcock  process  in 
such  samples  as  have  fallen  below  12  per  cent,  of  total  solids.  This 
process  is  proving  itself  widely  useful,  not  only  to  the  chemist  but 
also  to  the  dairy  man,  as  a  ready  means  of  accurately  determining 
the  fat  value  of  milk.  It  is  found  in  practice  that  the  fat  will  sepa- 
rate in  a  much  cleaner  and  more  satisfactory  manner  if  the  milk  is  at 
a  low  temperature  when  mixed  with  the  sulphuric  acid,  especially  in 
warm  weather.  ♦ 

Two  milk  samples  were  found  to  be  preserved  with  boracic  acid 
and  16  were  found  to  be  colored  with  annatto. 

The  following  tables  show  the  quality  of  the  milk  collected  from 
cities,  towns  and  suspected  producers,  and  examined  at  this  labora- 
tory, as  well  as  the  quality  of  the  milk  by  months :  — 


MUkfrom  Cities 

• 

ClTIBS. 

Total 

SamplM 

Collected. 

Above 
Sundard. 

Below 
Standard. 

Per  Cent. 

Below 
Standard. 

Total 

SoUds  in 

Lowest 

Hample. 

KamberoT 
BsmpkSi 

BOBtOD, 

217 

128 

M 

48.8 

10.20 

S 

Brockton, 

21 

18 

8 

14.8 

11.04 

» 

Cambridge 

275 

110 

166 

00.0 

10.18 

2 

Chelsea, 

216 

77 

138 

04.2 

8.76 

6 

Everett, 

30 

18 

18 

60.0 

10.70 

- 

Fall  River, 

217 

128 

89 

41.0 

0.30 

- 

Fltchburg 

92 

41 

61 

66.4 

10.20 

- 

Oloucenter 

67 

27 

80 

62.0 

9.23 

- 

Haverhill, 

24 

11 

18 

64.2 

12.20 

- 

Lawrence, 

86 

16 

20 

67.1 

0.00 

- 

Lynn, 

23 

7 

16 

09.0 

10.63 

- 

Maiden, 

101 

41 

00 

69.4 

9.49 

- 

Marlboroagh 

81 

16 

16 

48.4 

11.60 

1 

Medford 

161 

82 

09 

46.7 

10.22 

1 

Newton 

164 

.   96 

60 

88.0 

10.08 

3 

Qulncy, 

66 

32 

83 

60.7 

8.14 

- 

Salem, 

128 

77 

61 

89.8 

9.17 

m 

Bomervllle, 

802 

168 

144 

47.0 

9.96 

- 

Taunton, 

86 

84 

2 

6.0 

11.06 

M 

Waliham 

84 

42 

42 

60.0 

10.92 

- 

Woburn 

76 

40 

80 

47.8 

11.14 

- 

Worcester 

82 

14 

18 

60.2 

10.48 

— 

Totals 

2,372 

1,200 

1,166 

49.2 

8.14 

14 
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Milk  from  Towns, 


Towvt. 


ToUl 

Ramplcfl 

Collected. 


AboTe 
Sundard. 


Below 
SUiMUrd. 


Per  Cent. 

Below 
Sundard. 


Toul 
Solid!  In 

Lowest 
Sample. 


Nnmbcr  of 

Skimmed 

Samples. 


Adaina,      • 
Boame, 
Brook  line, 
Caoton,      • 
Dedhanit    . 
Gardner,    • 
Hall.  . 
Hyde  Park, 
Marblehead, 
Kelroae,     . 
MUford,     . 
Nahant, 
Natlck,       . 
Norwood, . 
Peabodj,   . 
ProvlDcetowD, 
Randolph, 
Reading,    . 
RpTere,      • 
BalUbnry, . 
Biooebana, 
Btonghton, 
Watertown, 
Wlnthrop, 
Winches  ter, 
Weatborongb, 

Totala, 


SS 

10 

121 

0 

6» 

IS 

30 

109 

28 

12 

la 

14 
34 

9 
89 
35 
11 
12 
76 
14 
45 
81 

4 
43 
50 
13 


827 


18 
5 

72 
8 

87 
4 
7 

67 
6 
9 
8 
5 

18 
0 

15 
7 
7 
5 

88 
0 

85 

20 
8 

18 

17 

11 


425 


10 

5 

40 

1 

82 

8 

18 

51 

17 

8 

0 

0 

11 

8 

24 

18 

4 

7 

48 

5 

10 

11 

1 

34 

88 

1 


408 


48.0 
50.0 
40.5 
11.1 
48.8 
M.6 
65.0 
47.3 
73.0 
35.0 
76.0 
66.0 
46.8 
83.8 
61.6 
72.0 
86.8 
58.8 
56.6 
85.7 
22.2 
86.6 
85.0 
57.1 
66.0 
8.8 


48.6 


11.10 
13.23 
11.38 
11.85 

9.46 
12.02 
10.60 
10.20 
10.00 
11.44 
11.46 
11.16 
11.23 
11.18 

8.00 
10.82 
12.86 
11.17 
10.46 
11.14 
12.70 
12.12 

0.35 
11.26 
10.06 
12.68 


1 
1 


8.00 


8 


Milk  from  Suspected  Producers, 


Towns. 


Total 

Samples 
Collected. 


AboTe 
Standard. 


Below 
Standard. 


Percent 

Below 

Standard. 


ToUl  Solldt 

In  Lowest 

Sample. 


Bedford,  . 
Concord,  . 
Framlngham, 
Littleton,  . 
Marlborough, 
Mendon,  . 
Natlck,  . 
Reading,  . 
Waltham,  . 
Wrentham, 

Totals, 


90 

16 
17 
82 

5 

12 
16 
12 
86 

8 


160 


8 
8 
3 
1 
0 
0 
6 
3 
1 
1 


10 


17 
18 
15 
81 

6 
13 
10 
10 
86 

3 


150 


85.0 
81.3 
88.3 
06.8 
100.0 
100.0 
62.5 
83.3 
07.2 
66.6 


88.7 


10.48 
11.07 
10.09 
11.84 
11.48 
10.26 
11.82 
11.76 
10.60 
10.30 


10.09 


Summary  of  the  Three  Preceding  Tables, 


ToUl 

Samples 

Collected. 


Above 
Standard. 


Below 
SUodard. 


Per  Cent. 

Below 
Standard. 


Lowest 
Sample. 


Number  of 

Skimmed 

Samples. 


Cltlee 

Towns, 

Bospeoted  prodaoers, 

ToUls, 


2,372 
827 
169 


1,206 

425 

19 


3,868 


1,650 


1,166 
402 
160 


40.2 
48.6 

88.7 


1,718 


51.0 


8.14 

8.90 

10.09 


8.14 


14 
8 


22 
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Quality  of  Milk  by  Months, 


Mosraa. 

Total 

Aamplea 

Collected. 

Above  18 
Per  CeoL 

Below  18 
Per  Cent. 

Below  IS 
l*erCent. 

Per  Cent  of 

AdnlteratloD, 

18  Per  Cent 

Standard. 

Per  Ceot.  of 

Adoltentlon, 

12  Per  C^nu 

StandanL 

October,  . 

248 

128 

122 

82 

40.2 

12.1 

Noyember, 

100 

82 

108 

29 

68.8 

16.8 

December, 

ao5 

86 

120 

22 

68.6 

10.7 

Jaoaary, . 

101 

84 

77 

28 

47.8 

17.4 

Febmar}*, 

181 

78 

108 

28 

60.8 

15.6 

March,     . 

801 

188 

208 

62 

61.9 

18.8 

April,      .       . 

806 

UO 

170 

88 

68.7 

10.8 

May.        . 

811 

106 

206 

41 

00.2 

18.1 

Jane, 

856 

182 

228 

61 

02.8 

11.6 

Jnly, 

487 

126 

862 

181 

74.8 

20.0 

Aagaat,   . 

811 

114 

107 

81 

08.8 

20.0 

September, 

228 

81 

142 

60 

08.7 

22.4 

Average, 

- 

- 

- 

- 

60.4 

15.8 

Cream. 

Since  buttormakers  have  been  using  the  Babcock  process  for  de- 
termining the  fat  contents  of  milk  they  have  also  applied  it  to  the 
determination  of  the  butter  value  of  cream.  It  is  found  that  there 
is  a  great  variety  in  the  composition  of  ordinary  dairy  **  space  cream," 
which  is  practically  the  same  thing  as  the  old-fashioned  skimmed 
cream.  Since  the  centrifugal  method  of  separating  cream  has  come 
into  universal  use  the  variation  in  the  fat  value  of  the  cream  on  the 
market  is  very  wide.  The  dealers  roughly  distinguish  a  light  or 
thin  cream  from  a  heavy,  and  charge  accordingly ;  but  there  is  no 
standard  requiring  a  minimum  amount  of  fat  by  which  some  UDi- 
formity  in  the  value  of  the  article  may  be  insured. 

The  following  tables  show  the  quality  of  samples  of  cream  bought 
at  random  from  retail  dealers  and  restaurants,  being  classified  as 
''heavy "and  ''light*' cream.  From  the  somewhat  wide  variation 
in  the  amount  of  fat  in  cream  sold  at  the  same  price,  ranging  from 
thirty-six  to  forty-eight  per  cent,  in  the  case  of  heavy  and  from 
eight  to  twenty-one  per  cent,  in  the  case  of  light  cream,  it  would 
seem  on  all  accounts  desirable  that  some  statute  standard  for  fat 
should  be  established. 

Two  samples  of  cream  were  found  to  be  preserved  with  boracic  acid. 
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** Heavy'"  Cream, 


Brand. 

Percent. 
Fat 

PerCtfnt. 

Bollda 

not  Fat. 

PerCenL 
Solids. 

Prioe  per 
Half  Pint. 

Where 
Purchased. 

1506 

Banyor,       •       •       • 

46.40 

6.48 

61.88 

Centa. 
15 

Store. 

6808, 

-          -          - 

45.74 

4.68 

60.42 

16 

4901.      , 

Deerfoot  Fann,  . 

45.60 

7.64 

68.24 

SO 

4979,      . 

Oak  OroTe  Farm, 

45.60 

6.10 

61.70 

20 

5547, 

... 

45.10 

4.20 

49.80 

15 

1591,      . 

Dlrlgo, 

48.00 

4.80 

47.80 

16 

168U,       , 

Hampden,   .       . 

4S.60 

6.48 

40.08 

16 

17091,      . 

-          -          - 

42.80 

8.02 

45.82 

16 

isn,    . 

Dirlgo,        •       •       . 

41.80 

6.05 

46.86 

16 

5058, 

... 

41.60 

7.84 

48.94 

16 

5051,      . 

-          -          - 

41.20 

7.62 

48.82 

15 

5141,      . 

Hampden,   . 

40.80 

6.40 

46.20 

16 

15850,       . 

«          -          - 

40.20 

9.04 

40.24 

16 

4067,       , 

Dirlgo,        • 

89.80 

6.82 

46.62 

16 

1705S, 

... 

89.68 

7.85 

47.48 

16 

5135,      , 

... 

88.60 

6.60 

46.20 

16 

18S78,      . 

Hampden,   .       •  .   • 

88.40 

7.84 

46.74 

15 

4983, 

* 

88.10 

8.60 

46.60 

15 

Aran 

Rge,, 

42.02 

6.30 

48.32 

- 

4( 


Light^  Cream, 


IirepaoToi'a  Hmaaa. 


Per  Cent 

FaL 


Per  Cent 

Solids 

not  Fat. 


Per  Cent 
Solids. 


Price  per 
Half  lint 


Where 
Purchased. 


6061, 


4081. 

4087, 
4008, 
4086, 
4073, 
4071, 
4066, 
5056, 
4005, 
6050. 
4080, 
5057, 
4960, 
4076, 
4077, 
4001, 


ATerage, 


21.60 

10.60 

18.00 

18.40 

17.60 

16.80 

16.86 

16.20 

15.80 

12.60 

10.40 

10.20 

10.10 

0.80 

0.00 

0.00 

8.80 

8.60 


18.86 


7.00 
7.04 
7.22 
7.84 
7.86 
7.70 
8.00 
7.75 
7.36 
8.08 
8.40 
0.46 
8.46 
0.58 
0.80 
8.64 
0.05 
8.11 

8.25 


20.50 
27.44 
26.12 
26.24 
25.46 
24.60 
24.86 
23.06 
22.66 
20.63 
18.80 
10.66 
18.56 
10.88 
10.20 
17.64 
17.86 
16.71 

22.11 


Csnts. 
8 

8 

10 
10 
10 

8 

8 

8 

8 
10 

8 

7 

7 

8 

8 

8 

8 

6 


Milkman. 

Restannnt. 

Store. 

Reataurant, 
t< 

i< 

M 


Store. 
II 

Restaurant 
«f 

It 

I* 

II 

•I 

II 

II 
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BUTTEB. 

Three  hundred  and  six  samples  were  received ,  and  all  proved  to 
be  genuine. 

Cheese. 
Twenty  samples  of  cheese  were  found  to  be  of  good  quality. 


Lard. 

Forty-six  samples  were  of  good  quality  and  six  were  adulterated 
with  tallow  and  cotton-seed  oil. 


Olive  Oil. 

Forty-six  samples  were  of  good  quality  and  1 1  consisted  chielSy  or 
wholly  of  cotton-seed  oil. 

Vinegar. 

Twenty-nine  samples  conformed  to  the  statute  standard  and  27 
failed  to  do  so. 

Spices. 

Of  ground  spices,  1,287  samples  have  been  examined  during  the 
year,  and  of  this  number  but  125,  or  9  per  cent.,  proved  to  be 
adulterated.  Of  last  year's  samples,  14  per  cent,  were  found  to  be 
adulterated.  This  improvement  of  the  quality  of  ground  spices  sold 
in  the  State  has  been  going  on  steadily  since  the  food  inspection  was 
begun  in  1883,  at  which  time  65  per  cent,  of  the  samples  of  ground 
spice  submitted  were  found  to  be  adulterated. 

The  sale  of  adulterated  spices  under  cover  of  the  <<  compound'' 
act  continues  to  a  limited  extent.  It  could  scarcely  have  been  the 
intention  of  the  framers  of  this  act  to  authorize  the  use  of  a  label  on 
which  one  reads  in  large  type  <*  Pure  ginger  ground,*'  and  in  small 
letters  appears  the  word  <*  compound."  Again,  the  familiar  package 
of  Colman's  mustard,  which  consists  largely  of  wheat  flour,  bears  the 
statement  *<  it  is  perfectly  pure,"  besides  the  word  '*  compound."  It 
is  diflScult  to  conceive  of  sophistry  which  could  justify  this  statement 
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regarding  its  purity  side  by  side  with  the  admission  of  its  adulter- 
ation. 

A  similar  assertion  as  to  the  purity  of  adulterated  goods  is  oc- 
casionally found  on  a  package  with  no  accompanying  confession  of 
the  compound  nature  of  the  article. 

AUspice. 

One  hundred  and  four  samples  were  of  good  quality,  3  were 
adulterated.  The  adulterant  found  was  ground  nut-shell »  of  which 
the  worst  sample  contained  40  per  cent. 

Cassia. 

One  hundred  and  fifty  seven  samples  were  of  good  quality,  7  were 
adulterated.  The  adulterants  were  wheat,  com,  nut-shells  and  saw- 
dust. The  worst  sample  contained  80  per  cent,  of  the  three  first 
named  adulterants. 

Cayenne. 

The  percentage  of  adulteration  of  cayenne  is  much  greater  than 
that  of  any  other  spice.  It  appears  to  be  a  very  common  practice 
to  grind  capsicum  with  corn,  perhaps  for  convenience  of  handling, 
the  corn  starch  acting  as  an  oil  absorbent.  Of  the  samples  examined, 
59  were  found  genuine  and  25  were  adulterated.  The  adulterants 
were  corn  and  wheat,  and  the  worst  sample  was  60  per  cent,  adul- 
terated. 

Cloves. 

One  hundred  and  ninety-eight  samples  were  genuine,  6  were 
adulterated.  The  adulterants  were  corn,  wheat,  nut-shells  and  sand. 
The  worst  sample  was  50  per  cent,  adulterated. 

Ginger. 

One  hundred  and  fifty-seven  samples  were  of  good  quality,  7  were 
adulterated.  The  adulterants  were  wheat,  corn  and  turmeric.  The 
worst  sample  was  80  per  cent,  adulterated. 

Mace» 
Thirty-four  samplesi  all  genuine. 
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Mu8tard. 

One  hundred  and  eighty-nine  samples  were  found  genuine,  59 
were  adulterated.  The  adulterants  were  wheat,  corn,  turmeric  and 
gypsum.     The  worst  sample  was  75  per  cent,  adulterated. 

Nutmeg* 
One  sample,  of  good  quality. 

Pepper. 

Two  hundred  and  sixty-six  samples  were  genuine,  18  were  adul- 
terated. The  adulterants  found  were  buckwheat,  wheat,  rice,  cay- 
enne, beans,  nut-shells,  turmeric  and  sand.  The  worst  sample  was 
75  per  cent,  adulterated. 

Canned  Goods. 

Eighteen  samples,  including  condensed  milk,  were  found  of  good 
quality,  and  3  were  found  to  contain  metallic  impurities.     Of  the 
latter  number  were  samples  of  canned  grapes.     The  corroded  con- 
dition of  the  inside  of  these  cans  suggested  that  a  good  deal  of  the 
tin  had  been  dissolved  off  by  the  acids  of  the  grape  juice.     It  was 
found  that  the  juice  contained  in  one  instance  0.037  grammes  of  tin 
in  solution  (calculated  as  Sn  O3).     In  addition  a  variety  of  canned 
fruits  and  vegetables  were  examined  to  determine  the  quantity  of  tin 
contained  in  solution,  with  the  result  that,  though  considerable  traces 
were  found  in  acid  finiits  and  rhubarb  and  large  traces  in  some  cans 
of  green  vegetables,  such  as  string  beans,  canned  blueberries  were 
found  to  contain  much  more  tin  in  solution  than  any  other  canned 
goods  examined.     It  is  assumed  that  the  tin  was,  at  least  in  con- 
siderable part,  still  held  in  solution  by  the  fruit  acids,  inasmuch  as 
the  metal  was  found  in  the  filtered  juice.     In   every  instance   the 
inner  tin  lining  of  the  can  was  found  to  be  extensively  corroded,  and 
in  some  instances  it  had  been  almost  entirely  dissolved  off,  leaving 
the   underlying  iron  bare.     Plate  I.  shows  the  appearance  of  two 
of  these  cans  split  open  to  show  their  inner  surfaces.     The  corrosion 
is  apparent. 

The  following  is  a  summary  of  the  quantity  of  tin  found  in  solu- 
tion in  the  eleven  cans  examined :  — 


; '  ^,.    , 
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Canned  Bhteberries. 


Amount  of  Tin  p«r 

IvspKCTOS't  NuMBii.                                                  Bniid. 

Can  In  Solntlon 

(calcoUUd  M  Su  OS). 

Gramme. 

oO«T,               •              •              •              • 

Eagle 

0.27 

887, 

Raymond's, 

0.26 

0214, 

Morrison's  Heather,  . 

0.208 

981, 

Young's,     . 

4 

0.206 

881, 

Wyman's  Fancy, 

0.149 

958, 

.  ;  Eagle, 
Saguenay,  . 

0.114 

889, 

0.096 

695, 

,  Wyman's  Fancy, 

0.094 

883, 

Wy man's  Fancy, 

0.094 

837, 

Saguenay,  . 

0.086 

955,   • 

9                              •                              1 

,  Ferguson's, 

1 

0.066 

In  no  instance  was  the  presence  of  lead  appreciable. 

The  poisonous  nature  of  tin  salts  in  small  doses,  as  established  by 
experiment  on  animals,  is  unquestioned.  It  would  seem  a  reasonable 
inference  that  so  large  an  amount  as  250  milligrammes  (calculated 
as  Sn  O2)  in  a  can  of  650  cubic  centimeter  contents  is  not  a  safe 
constituent  of  this  food. 

Condensed  Milk. 

Thirteen  samples  were  examined  for  solids  and  fat,  with  the  results 
as  follows :  — 

Condensed  Milk. 


iMarikCTOJi'a  Numbki 

Brand. 

.     Watch, 

4124,     . 

16303,     . 

Tip  Top,     . 

16881,     . 

• 

,  Highland,   . 

5143,     . 

Maine  Jersey, 

5065,     . 

i  Hirigo, 

5085,    . 

Full  Weight, 

4932,    . 

Winners,     . 

4749,     , 

Interstate,  . 

5494,     . 

Gold  Medal, 

6001,     . 

J.  B.  Smith, 

6070, 

Clover, 

6042, 

•                 • 

Pine  Tree,  . 

6474, 

1                 *                 * 

Leader, 

Per  Cent. 
Solids. 


Per  Cent. 

Solids 

not  Fat. 


Per  Cent. 
Fat. 


Percent 
Water. 


68.85 

64.85 

4.00 

31.15 

74.60 

67.90 

6.70 

25.40 

75.40 

67.75 

7.65 

24.60 

.       68.32 

61.05 

7.27 

31.68 

.       70.70 

64.75 

5.95 

29.30 

.  .     76.68 

68.85 

7.73 

23.32 

.       71.66 

66.19 

4.47 

28.34 

.  i     68.76 

64.58 

4.18 

31.24 

.  1     74.33 

66.50 

7.83 

25.67 

69.60 

64.75 

4.85 

30.40 

74.23 

68.25 

5.98 

25.77 

.  ,    73.08 

69.20 

3.88 

26.92 

73.15 

70.00 

8.15 

26.85 
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Chocolate. 

Eleven  samples  were  found  to  contain  their  proper  constituents 
without  addition,  5  samples  contained  added  corn  or  wheat  starch 
and  sugar. 

Confectionery. 

Fifty-five  samples  contained  proper  constituents,  such  as  sugar, 
glucose,  starches  and  gums,  together  with  non-injurious  colors  and 
flavors ;  one  sample  contained  turpentine,  which  was  doubtless 
intended  for  oil  of  lemon. 

CoFTEE    (  Ground  ) . 

Seventy  samples  were  genuine,  26  were  adulterated.  Adulterants 
found  were  peas,  wheat,  chicory,  oats,  pea  shells,  sticks  and  stones. 
The  worst  sample  contained  no  coffee. 

Cream  of  Tartar. 

Three  hundred  and  fourteen  samples  were  found  of  good  quality, 
7  were  adulterated.  The  adulterants  were  corn  and  wheat  starch, 
gypsum  and  phosphate  of  lime.  The  worst  sample  contained  50 
per  cent,  of  gypsum. 

HONET. 

Thirty-five  samples  were  genuine  and  5  adulterated  with  glucose 
syrup.     The  worst  sample  contained  40  per  cent,  of  glucose  syrup. 

Molasses. 

One  hundred  and  forty-eight  samples  were  genuine  and  18  were 
adulterated  with  glucose.  The  worst  sample  was  60  per  cent,  adul- 
terated. 

Maple  Syrup. 

Thirty  samples  were  genuine,  1  was  adulterated  with  glucose 
syrup. 

Maple  Sugar. 

Thirty-four  samples  were  genuine,  3  were  adulterated  with  crude 
molasses  sugar. 

Syrup. 

One  sample  genuine,  1  adulterated  with  glucose. 
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Tea. 

Eigbty-six  saiiiples  found  to  be  genuine,  7  were  of  poor  quality, 
containing  tea  dust  and  earthy  ingredients. 


Miscellaneous. 

Under  this  head  are  included  samples  of  baking  powder,  contain- 
ing alum ;  saleratus,  containing  considerable  amount  of  chloride ; 
mince-meat,  containing  a  considerable  quantity  of  salicylic  acid  as  a 
preservative;  dried  cod  fish  and  ''fresh"  oysters  preserved  with 
boracic  acid ;  and  a  sample  of  ''  Perfection  milk  preservative,"  cost- 
ing 40  cents  per  pound  and  consisting  of  borax  worth  15  cents.  Of 
this  class  122  samples  were  found  of  good  quality  and  24  were 
found  adulterated  or  containing  injurious  ingredients. 

Summary  of  Food  Statistics 


Allspice,    . 

Butter, 

Canned  goods,  . 

Cassia, 

Cayenne,    . 

Cheese, 

Chocolate, 

Cloves, 

Coffee, 

Confectionery,  . 

Cream, 

Cream  of  tartar. 

Ginger, 

Honey, 

Lard, 

Mace, 

Maple  sugar. 

Maple  syrup,     . 

Miscellaneous,  . 

Molasses,  . 

Mustard,    . 

Nutmeg,    . 

Olive  oil,   . 

Pepper, 

Syrups, 

Tea,   . 

Vinegar,    . 

Totals, 


1 

1 

Oennliit.   . 

1 

AdultMmtod. 

1 
1 

Total. 

107 

Ptr  Cent,  of 
Adttltantlon. 

104 

3 

2.8 

306 

0 

306 

0.0 

18 

3 

21 

14.3 

167 

7 

164 

4.3 

69 

26 

84 

29.7 

20 

0 

20 

0.0 

11 

6 

16 

31.2 

198 

6 

204 

2.9 

70 

26 

96 

27.0 

66 

1 

66 

1.8 

30 

2 

82 

6.2 

314 

7 

321 

2.1 

167 

7 

164 

4.2 

36 

6 

40 

12.6 

46 

6 

62 

11.6 

34 

0 

34 

0.0 

34 

1 

36 

2.9 

.   1          30 

1 

31 

3.2 

122 

24 

146 

16.6 

.  1         148 

18 

166 

10.9 

189 

69 

248 

23.8 

1 

0 

1 

0.0 

46 

11 

67 

19.8 

266 

18 

284 

6.3 

1 

1 

2 

60  0 

t 

86 

7 

93 

7.6 

• 

29 

27 

66 

4.8 

■ 

2,566 

270 

2,836 

9.6 
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Liquor. 

An  effort  has  beon  made  to  determine  the  quality  of  the  liquor 
sold  in  the  ordinary  city  saloon  over  the  bar.  To  this  end  samples 
of  whiskey,  brandy,  rum,  gin,  ale,  beer  and  cider  were  collected, 
these  samples  being  bought  by  the  bottle  or  glass  at  various  saloons, 
and  paid  for,  thus  representing  what  is  actually  sold  every  day  to 
ordinary  patrons.  The  analysis  of  these  samples  was  made  with 
the  view  of  determining  their  relation  to  accepted  liquor  standards 
of  strength,  and  also  with  a  view  of  detecting  any  injurious  ingredi- 
ents or  additions. 

There  appears  to  be  a  popular  idea  that  most  saloon  liquor  is 
poisonous,  and  that  most  of  the  evil  effects  of  intemperance  are 
directly  caused  by  the  poor  quality  of  the  ordinary  saloon  stock. 
The  conclusions  to  which  this  investigation  has  led  are,  however, 
that  the  hard  liquors  usually  differ  from  the  standards  chiefly  iD 
containing  too  much  water  or  sugar,  and  that  ingredients  more  in- 
jurious than  alcohol  are  rarely  to  be  found  in  appreciable  amount. 
Fusel  oil  in  noxious  amount  is  occasionally  to  be  found,  and  it  is  also 
rarely  present  to  a  distinctly  appreciable  extent  in  beer.  It  appears 
to  be  a  common  custom  to  preserve  ale  and  beer  by  the  addition  of 
salicylic  acid.  The  use  of  this  drug  for  this  purpose  is  everywhere 
recognized  as  harmful  and  unjustifiable. 

The  following  tables  show  the  results  of  the  analyses  of  37  samples 
of  whiskey,  37  samples  of  brandy,  40  samples  of  rum,  33  samples 
of  gin,  6  samples  of  cider,  7  samples  of  pale  ale  and  15  samples  of 
beer,  the  samples  in  each  table  being  arranged  with  reference  to  the 
amount  of  alcohol  by  weight  which  they  contain,  and  preceded,  for 
comparison,  by  the  best-recognized  standard,  wherever  there  is 
such  a  standard. 
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Whiskey. 


IllSPBCTOS*S  NUMBBB. 


Percentag* 

of  Alcohol  by 

Weight. 


PerMDtafe 
of         ' 

Extract.     ' 


KzocM  of  Acidity,  TAnnin,  FomI  OH,  etc. 


STANDARD, 

1M85,  . 
10815,  . 
19n9,  . 
1M84,  . 
10627.  . 
106M.  . 
10646.  . 
10610.  . 
10784.  . 
10686.  . 
10641,  . 

10680.  . 
10649.  . 

10681.  . 
10117.  . 

10682.  . 
10614.  . 

10680,  . 
10736,  . 
100S2,  . 

10681,  . 
10721.  . 
10718.  . 
10688,  . 
10668,  . 
19660.  . 


19008.  . 
10778.  . 
19680.  . 
10616.  . 
19686.  . 
19628.  . 
19617.  . 
19688,  . 

19627.  . 

19628.  . 


44  to  50 

46.96 
46.80 
43.70 
42.80 
41.70 
41.80 
40.80 
40.30 
40.80 
40.10 
10.00 
80.80 
80.80 
80.16 
88.80 
88.56 
87.00 
87.00 
87.60 
86.80 
86.00 
86.00 
86.00 
85.70 
86.60 
35.50 
85.20 
85.00 
8^.00 
88.70 
88.70 
32.60 
82.60 
81.60 
80.70 
30.70 
80.70 


0.25  or  I 
1.11 

1.68 
0.22 
0.10 
0.33 
0.17 
4.83 
1.17 
0.11 
1.80 
0.86 
0.85 
0.16 
1.07 
0.18 
0.45 
0.60 
0.00 
0.14 
0.13 
0.44 
0.18 
0.38 
0.02 
0.12 
0.13 
0.88 
1.81 
0.17 
0.11 
0.68 
0.13 
0.10 
1.13 
0.65 
0.00 
0.08 


.03  per  G6Dt.  of  tanolc  add. 

OonsUta  chiefly  of  brandy ;  exceee  of  tannic  acid. 


I  Chiefly  brandy. 

I  Ezoeu  of  tannic  geld. 

I  EzocM  of  tannic  add. 
I  EzccM  of  tannic  add. 


Boddue  chiefly  ineoluble. 


Reddoe  chiefly  inaolablc. 


Tannic  acid  abeeni. 
Tannic  add  abeent. 

Fnael  oil  preeent. 


EzcoM  of  tannic  add. 
Tannic  add  abeent. 

Bzcent  of  tannic  add. 
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Brandy, 


iMtPIOTOB't  KDMBBI. 

Percentage 

of  Aleohol  by 

Weight. 

Percentage 

of 

Rztraet 

1 

EzotM  of  Addtty ,  Tannin,  FdmI  Oil,  etc. 

STANDARD, . 

39to47 

1 

1.5  or  lets. 

10875.    . 

60.70 

0.97 

Aeldlty  ODO-alzth  in  ezeeaa. 

19648,    . 

* 

60.60 

8.00 

Tannin  in  exoaaa. 

1M61,    . 

U.90 

2.16 

Tannin  In  azcoae. 

19686,     . 

44.80 

0.66 

Addlty  two-flftha  in  axoaaa. 

19689.    . 

44.40 

0.13 

Aoidlty  one.balf  In  azoaaa. 

19679,    . 

44.00 

0.26 

Bzoaaa  of  tannin. 

19667,    . 

48.19 

0.68 

19662,     . 

48.00 

0.23 

19782,    . 

42.80 

0.38 

19687,    . 

42.70 

0.68 

19680,    . 

42.60 

2.11 

Addity  two-flftha  in  ezoaaa. 

19647,    . 

42.60 

1.08 

Addity  one-fifth  in  ezeeaa. 

19687,    . 

42.80 

0.20 

Addity  one-flfth  in  ezeeaa. 

19686,    . 

42.00 

0.91 

Tanain  in  ezeeaa. 

19668,    . 

42.00 

0.16 

19662,    . 

.  i        41.80 

0.27 

Addity  (aeeUe)  one-thlrd  in  ezeeaa. 

19612,     .        . 

41.70 

0.99 

19682,     . 

1        41.60 

0.22 

Addity  oue.flfth  in  ezeeaa. 

19620,     . 

41.60 

0.10 

Realdne  Inaoloble. 

19669,    . 

41.60 

0.49 

LArgely  whiekey. 

I9n8,     . 

41.60 

0.44 

Oootaina  fnael  oil,  and  acidity  one-aiztb  In  ezoeei. 

19688,     . 

40.90 

0.81 

Clove  flavor. 

19629.     . 

40.60 

0.20 

19684,    . 

40.90 

1.04 

19619,    . 

80.80 

0.14 

19648,     . 

89.60 

0.06 

lono.   . 

30.80 

0.24 

19776.    . 

38.90 

0.71 

10768,    . 

87.90 

0.67 

Chiefly  alcohol,  water  and  angnr. 

19661,    . 

37.60 

0.61 

Foael  oil,  ezeeaa  of  tannin  and  reddne  Inioleble. 

19666,    . 

87.60 

0.16 

19648,    . 

87.30 

1.67 

Chiefly  whiakey. 

19766,     . 

36.90 

1.68 

19644.    . 

84.00 

0.16 

Cliiefly  alcohol  and  water. 

19687,    . 

.  ,        33.70 

0.16 

19608,    . 

33.20 

0.22 

Chiefly  alcohol  and  water. 

19668,     . 

■_... 

21.80 

9.72 

Addity  aeven  timea  normal. 
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Rum, 


iKSPBCTOS't  NCMBim. 


STANDARD, 

19608,  . 

1M84.  . 

1M02,  . 

19666,  . 

19662,  . 

19722,  . 

19777,  . 

19776,  . 

19678.  . 

19681,  . 

196U,  . 

19677,  . 

19788,  . 

19668,  . 

197n,  . 

19660,  . 
19668,  . 
19666,  . 
19n3,  . 
19645,  . 

19661,  . 
19n9,  . 
19688, 
19666.  . 
19668,  . 
19769,  . 
19676,  . 
19664,  . 
19767,  . 


19788. 
19671, 
19641, 
19781, 
19648, 
19688, 
19624, 
19n4, 
19647, 


PproenUge 

of  Alcohol  by 

Weight. 


42 


42.9 
43.4 
42.8 
42.3 
42.1 
48.0 
41.8 
41.4 
41.4 
40.4 
40.4 
40.8 
80.8 
88.7 
88.6 
88.5 
87.9 
87.4 
87.1 
86.7 
86.5 
86.4 
86.8 
86.9 
86.0 
86.0 
86.9 
86.0 
84.5 
84.5 
84.8 
84.0 
88.8 
33.3 
81.0 
80.8 
80.8 
89.8 
24.7 


PereenUge 

of 

Bxtraet. 


8.93 
0.10 
2.80 
2.00 
0.12 
0.11 
0.14 
0.40 
1.87 
0.21 
0.10 
0.10 
0.08 
0.07 
0.12 
1.45 
0.24 
0.06 
0.12 
0.62 
0.11 
1.01 
0.89 
0.84 
0.12 
0.18 

o.n 

0.49 
0.10 
0.09 
0.08 
0.07 
0.84 
0.04 
0.06 
0.61 
0.10 
0.07 
1.00 


Flavor,  etc. 


New  mm. 
Now  rum. 


I 


Chiefly  brandy. 


FlATored  with  acetic  ether. 


Chiefly  whlekey,  flavored  with  acetic  ether. 


Acetic  ether  flavor. 


Practically  alcohol  and  water. 
Practically  alcohol  and  water. 
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Gin, 


IHSPXOTOI'I 
NOMBBB. 

,  Percentage 
*    of  Alcohol 
b7  Weight. 

Extrmet,  Flavor,  etc. 

STANDARD, 

40 

19740, 

42.5 

Blight  lemon  flavor. 

19M2, 

42.6 

1M74, 

42.3 

10780. 

42.0 

19790. 

41.8 

19480. 
19«07. 

41.8 
41.6 

4.0  per  cent,  extract; 

colored  with  caramel. 
1.04  per  cent,  extract. 

19018, 

41.5 

19064, 

41.6 

19000. 

41.5 

19049, 

41.0 

19040. 

41.0 

19078. 

40.8 

10042. 

40.5 

Colored. 

19780. 

89.8 

19018, 

89.3 

1.8  per  cent,  extract. 

19040. 

39.0 

19051, 

89.0 

inspkctob'8 
Mdmbkr. 


Percentage 
of  Alcohol 
by  Weight. 


Extract.  FlaTor,  etc. 


STANDARD,        40 

19728, 

'        38.8 

19040. 

1        88.7 

19059.        . 

38.2 

19781.       . 

1        37.2 

19028. 

37.1 

19050.       . 

30.8 

19010.       . 

36.5 

1 

19057,       . 

35.5 

19054. 

,        34.0 

19044. 

84.0 

19004.        . 

32.8 

1 

19600. 

32.5 

19072.        . 

31.0 

19070,        . 

31.8 

19724. 

29.5 

19025.*      . 

83.9 

0.83  per  oent.  extract; 
malt  odor. 


6.13  per  cent,  extract; 

corumder  flavor. 
0.5  per  cent,  extract 

Colored. 


0.74  per  cent,  extract; 
malt  odor. 


I  Praetioally   alcohol   sod 
j      water. 

'  1.28  per  cent,  extract; 
aniae  flavor. 


*  Klmmel. 


''Sweet''  Cider, 


19818. 
19821. 
19822. 
19824. 
19823. 
19798, 


IRSPBOTOX'S  NUMBBB. 


Percentage 
of  Alcohol 
by  Weight. 


Percentage 

of  Add 
calculated  aa 
Malic  Acid. 


Percentage 
of  ExtcacC. 


8.00 
0.93 
5.62 
5.37 
4.80 
3.55 


0.54 
0.03 
0.48 
0.54 
0.57 
0.72 


4.01 
3.86 
2.83 
2.42 
7.82 
4.73 


I*re8enraUve«. 


Abaent. 

Absent. 

Abaent. 

Absent.' 

Absent. 

Absent. 
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PcUe  Ale. 


198M, 
19807, 
19806, 
19808, 
19808, 
19800, 
19809, 


lHtPBOTOB*8  NDMBBK. 


^?KS"J;K     PwcenUge 


of  Original 

Wort 
Extract. 


15.99 
16.97 
14.08 

is.ao 

1S.16 
11.04 
10.96 


of  Aleobol 
by  Weight. 


Peroantage 
of  Extract. 


PreiervatlTac. 


Beer, 


IVSPBOTOK'S  NolfBXB. 


PeroaDtage 

of  Original 

Wort 

Bxtimet. 


Fercantage 

oTAloohol 

by  Welgbt. 


Paroentaga 
of  Bztimet. 


PrMcnratlTea,  ete. 


19612,       . 

18.91 

7.07 

4.77 

AbaMlt. 

19819.       . 

10.81 

8.88 

8.68 

SalleyUc  add. 

19606, 

10.20 

4.26 

7.70 

Abaant. 

19802.       . 

10.00 

6.00 

6.97 

Abaent. 

19811,       . 

16.98 

6.31 

6.80 

Salleylle  aeld  and  f umI  oil. 

19800, 

16.87 

4.44 

0.99 

SalleyUc  add. 

19664,       . 

16.00 

4.00 

7.00 

AbMOt. 

19S10,       . 

16.35 

6.12 

6.11 

SalioyHoacld. 

10816,       . 

16.01 

4.68 

6.80 

Abaant. 

19813, 

14.79 

6.60 

3.07 

No  praaarratlvo ;  fnaal  oil  preaent. 

19820,       . 

14.48 

4.19 

0.10 

SaUeyUoadd. 

19814,       . 

14.47 

4.00 

0.47 

Abaant. 

19863,       , 

13.38 

4.26 

4.88 

AbMOt. 

19817,       . 

1        12.78 

8.98 

4.82 

Absent. 

19801,       . 

7.88 

1.10 

6.18 

Abaant. 

It  will  be  seen  from  the  above  figures  that  but  little  care  is  taken 
to  prevent  the  further  fermentation  of  a  **  sweet"  cider,  and  that  the 
resulting  liquor  sold  under  the  name  '*  sweet"  contains  rather  more 
alcohol  than  the  average  beer.  The  practice  of  checking  fermenta- 
tion by  the  use  of  salicylic  acid  has  apparently  not  extended  to  cider. 
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Soda   Water. 

During  the  hot  weather  an  enormous  quantity  of  '*  soda  water  "is 
sold.  It  would  seem  a  matter  of  some  consequence  that  a  fairly  pure 
water  should  be  universally  used,  and  that  it  should  not  be  contami- 
nated by  metallic  poisons.  It  appears  in  some  instances  that  a  water 
is  sold  as  '<  soda/'  which,  if  not  charged  with  carbonic  acid  and  fla- 
vored, would  be  recognized  at  once  as  distinctly  unpalatable  and 
unwholesome. 

The  following  tables  show  the  result  of  the  examination  of  a  num- 
ber of  samples  of  soda  water  bought,  by  the  glass  from  various  soda 
fountains  in  and  around  Boston,  and  also  of  a  number  of  flavoring 

syrups :  — 

Plain  Soda  Waters, 


lMaPBCTOK*8 

Ndxbbs. 

i 
QuaUty. 

INSPBCTOS'S 
NUMBBE. 

Qaaltty. 

107S5. 
10700, 
10701, 
10702, 
10703, 

Good. 

Good. 

OoDtaiDB  a  trace  of  lead. 

Good. 

Good. 

10704.  . 

10705,  . 

10706,  . 

10707.  . 

1 

Oootaint  a  oooBiderable  tnee  of 

lead. 
Solution  of  tartaric  add. 

A  very  hard  water. 

Containa  a  very  large  amonot  of 
iron. 

Soda  Water  Flavoring  Syrups, 


]N8PK0TOR*S  NUMBBB. 


10786, 

10787, 
10788, 
10780, 
19700, 
10800, 
10801, 
19802, 


Flaror. 


VaaUla, 

Strawberry, 

Lemon, 

Ginger, 

Orange, 

Lemon, 

Chocolate, 

Pineapple, 


Qnallty. 


Good. 

Colored  with  cochineal  and  preeerved  with  aalieylic 

add. 
Good. 

Good. 

Colored  with  an  aollinc. 

Good. 

Good. 

Preeerved  with  salicylic  acid. 


The  traces  of  lead  found  in  the  soda  waters  may  have  originated 
in  the  tap  water  used,  but  it  seems  more  likely  that  some  lead  was 
dissolved  by  the  charged  water  from  pipes,  joints  or  fixtures  con- 
nected with  the  soda  tanks  or  fountain. 

It  will  be  seen  that  temperance  drinks  are  liable  to  injurious  con- 
tamination as  well  as  liquors. 
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Drugs. 

Of  this  class,  487  samples  were  examined ;  163  proved  to  be  not 
of  standard  quality. 

Acidum  Aceticum:  1  standard  ;  2  too  weak. 

Acidum  Benzoicum:  8  samples,  all  standard. 

Acidum  Garbolicum:  1  standard  ;  1  inferior,  containing  too  much 
water. 

Acidum  Hydrobramicum  Dilvium:  3  standard  ;  1  too  dilute. 

^ther :  7  standard ;  6  inferior,  containing  too  much  alcohol  and 
water. 

Alcohol:  9  standard. 

Aqua  AmmonicB :  3  standard  ;  4  inferior,  containing  too  little  NH,. 

Aqtui  Chlori:  5,  all  of  inferior  strength  ;  2  containing  no  trace  of 
chlorine. 

Aqua  DestHlata:  2  standard;  lU  inferior,  containing  considerable 
and  in  some  cases  very  large  amounts  of  organic  and  inorganic 
impurities.  In  some  instances  the  town  supply  has  been  made  to  do 
duty  as  distilled  water;  but  in  others,  where  apparently  a  good 
quality  of  distilled  water  is  kept,  it  has  been  sold  in  dirty  bottles  and 
consequently  spoiled.  One  sample  contained  122  parts  of  solid 
matter  per  100,000. 

Aqua  Hydrogenii  Dioxidi:  4  standard. 

Arrow  Root:  2  of  good  quality. 

Bismuthi  Subcarbonas:  1  standard. 

Bismuthi  Subniiras:  3  standard. 

Calx  Chlorata:  13,  all  containing  too  little  available  chlorine. 
The  following  brands  were  examined ;  several  samples  of  one  brand 
were  found  of  very  variable  strength ;  *«  Brookmans,"  containing  12 
to  30  per  cent,  chlorine;  **  Excelsior,**  containing  25  per  cent, 
chlorine;   ^^Hirschs,^  containing  25  per  cent,  chlorine;   <<Lion," 
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containing  19  to  29  per  cent,  chlorine  ;  <*  Red  Cross,**  containing  28 
per  cent,  chlorine.  The  Pharmacopoeia  calls  for  35  per  cent,  of 
chlorine. 

Cerxi  Oxalis:  6  standard. 

CJdoroformum :  6  standard ;  5  inferior,  containing  too  much 
alcohol. 

Oreta  PrcBparata:  7  standard. 

JExtractum  Glycyrrhizm :  5  standard ;  1  inferior,  containing  corn 
starch. 

Ferri  et  Qmnince  Oitras :  7  standard  ;  2  inferior,  containing  too 
little  quinine.  The  worst  sample  contained  90  per  cent,  of  the 
required  amount. 

Olycerinum:  35  standard ;  3  inferior,  containing  fats. 

Olycyrrhizinum  Ammoniatum:  1  standard. 

Magnesii  Gitras:  1  standard. 

Magnesii  Sulphas:  8  standard. 

lodqformum:  6  standard. 

Liqtwr  Magnesii  Oitratis :  1  standard  :  1  inferior,  containing  too 
little  of  the  salt. 

Lycopodium:  9  standard. 

Oleum  Amygdalce  AmaroB:  1  standard:  3  inferior,  containing 
nitrobenzol. 

Oleum  Lave7idulce  Florum :  8  standard ;  1  inferior,  containing 
turpentine. 

Oleum  Limonis:  6  standard ;  1  inferior,  containing  turpentine. 

Potassii  Acetas:  4  standard. 

Potassii  Gitras:  6  standard. 

Potassii  lodidum :  6  standard. 
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Potasisii  Permanganas:  10  stiindard. 

Pulvis  Opii:  16  standard ;  9  inferior,  containing  too  little  mor- 
phine. 

Pulvis  Rtiei:  5  standard. 

Qnhitnoe  sulphcLs:  8  standard. 

Quininoe  Bisulphas:  1  standard. 

Spiritus  ^therui  Conipos\tus :  2  standard  ;  2  inferior,  containing 
little  or  no  ethereal  oil. 

Spiritus  Frumenti:  2  standard ;  4  inferior,  containing  too  much 
extract  and  too  little  alcohol. 

Spiritus  Juniperi:  3  inferior,  containing  too  much  water. 

Sulphur  Svblimatum:  4  standard. 

Syrupus :  2  standard  ;  1  inferior,  containing  too  little  sugar. 

Tinctura  Oapsici:  1  standard. 

Tinclura  lodi:  1  standard ;  9  inferior,  containing  too  little  iodine. 

Tinctura  Nucis  Vomiccs:  12  standard;  11  inferior,  containing 
too  little  strychnine. 

Tinctura  Opii:  12  standard;  32  inferior,  containing  too  little 
morphine.  The  morphine  strength  varied  from  0.52  to  1.634  per 
cent. 

Vinum  Album:  1  standard;  8  inferior,  containing  too  much 
sugar. 

Vinum  Rvbrum :   13  inferior,  containing  too  much  extract. 

Zinci  Oxidum:  20  standard. 

Miscellaneoi^, 

Thirty-six  standard,  12  inferior.  In  this  class  are  included 
samples  of  ''  diamond  face  lotion,"  which  contained  14.7  grains  of 
corrosive  sublimate  per  fluid  ounce;  and  of  ''pure  unfermented 
grape  juice,"  some  of  which  were  found  to  be  fermented  (one  con- 
taining as  much   as   8.07    per  cent,  of  alcohol),   some   preserved 
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with  boracic  acid  and  some  preserved  with  salicylic  acid.  A  brand 
of  *'  grape  juice"  specially  recommended  for  invalids  was  found  to 
be  loaded  with  salicylic  acid. 

Samples  of  black  stockings  were  found  to  contain  much  chromic 
acid. 

A  so-called  "  arsenic  soap"  for  the  complexion  contained  no  trace 
of  arsenic. 

Summary. 


'Genuine. 


Adulterated. 


Milk, 

Food  not  milk, 
Drugs, 
Totals, 


1,718 
270 
163 


2,161 


ToUl. 


3,368 

2336 

487 


6,691 


Respectfully  submitted. 


CHARLES  P.  WORCESTER, 
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PROFESSOR  GOESSMANN'S  REPORT. 


Western  Massachusetts. 

The  milk  collected  by  the  inspectors  of  the  Board  in  the  four 
western  counties  of  Massachusetts  has  been  examined  during  1894, 
as  in  previous  years,  at  Amherst.  The  whole  number  of  samples 
examined  was  183,  and  the  ratio  below  the  standard  quality  was 
21.3  per  cent.,  that  of  the  preceding  year  having  been  20.3. 

The  continuous  inspection  of  milk  from  year  to  year  in  this  part 
of  the  State  has  shown  a  uniformly  higher  quality  in  the  milk  offered 
for  sale,  as  compared  with  that  of  eastern  Massachusetts.  As  has 
been  shown  in  previous  reports,  this  difference  is  coincident  with  the 
difference  in  the  density  of  population  in  these  two  districts.  The 
rapid  growth  of  cities,  together  with  their  outlying  suburbs,  has 
created  a  demand  for  milk  which  at  times  exceeds  the  supply.  The 
occupation  of  new  territory  once  occupied  for  the  purposes  ot  past- 
urage has  driven  the  business  of  milk  producing  farther  and  farther 
away  from  the  centres  of  population,  and  compelled  the  contractors 
and  milk  collectors  to  seek  for  supplies  at  increasing  distances,  and 
increased  the  difficulties  of  collection  and  diminished  the  facilities 
for  rapid  delivery  of  this  important  article  of  food.  These  changes 
have  taken  place  much  more  rapidly  in  eastern  than  in  western  Mas- 
sachusetts. 

The  following  report  embraces  the  samples  of  milk  obtained  dur- 
ing the  year  in  cities  and  towns  west  of  Worcester  County  :  — 

The  results  of  analyses  were  as  follows  :  — 

Whole  number  examined, 183 

Number  above  standard, 144 

Number  below  standard, 39 

Percentage  below  standard, 21.3 

Samples  of  skinuned  milk, 15 
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Number  of  samples,  . 
Number  above  standard,   . 
Number  below  standard,  . 
Percentage  below  standard, 
Skinmied  milk,  . 


Chicapee. 


16 

15 

1 

6.2 

:5 


Holyoke. 

Number  of  samples, 16 

Number  above  standard, 11 

Number  below  standard, 5 

Percentage  below  standard, 31.2 

Skimmed  milk, 2 


Number  of  samples,  . 
Number  above  standard,  . 
Number  below  standard,  . 
Percentage  below  standard, 
Skimmed  milk,  . 


Northampton, 


PiUsfiHld. 


Number  of  samples,  . 
Number  above  standard,   . 
Number  below  standard,  . 
Percentage  below  standard. 
Skimmed  milk,  . 


Springfield, 


Number  of  samples,  . 
Number  above  standard,   . 
Number  below  standard,  . 
Percentage  below  standard, 
Skimmed  milk,  . 


16 

15 

1 

6.2 

2 

21 

13 

8 

88.1 

0 

55 

45 

10 

18.2 

6 


The  results  in  the  towns  were  as  follows :  — 


Total. 

A  bore 
Standtrd. 

Below 
Standard. 

Peroeatace 

below 
Btendud. 

Adams, 

North  Adams,         .... 
Ware, 

20 
23 
16 

1 

16 

14 

15 

4 
9 
1 

59 

45 

14               23.7 

1 

C.  A.  GOESSMANN. 


EEPOET  UPON  EXPERIMENTS 


m 


Feeding  Hogs  at  a  State  Institution 


WHERE  TRICHINOSIS  AMONG  THE  SWINE  HAD 
BEEN  UNUSUALLY  PREVALENT. 


Bt  Prof.  E.  L.  MARK  of  Habtarb  Unitbrbitt. 
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REPOBT  UPON  EXPERIMENTS  IN  FEEDING  HOGS  AT  A  STATE 

INSTITUTION  WHERE  TRICHINOSIS  AMONG  THE  SWINE 

HAD  BEEN  UNUSUALLY  PREVALENT. 


By  Prof*  £.  L.  Mark  of  Harvard  University. 


Dr.  S.  W.  Abbott,  Secretary  8taU  Board  of  HeaUk. 

Deab  Sir:  —  I  herewith  transmit  my  report  on  the  result  of 
examinations  for  trichinee  of  hogs  killed  at  the  Northampton  Lunatic 
Hospital  during  the  ten  years  1884-94  inclusive. 

The  results  have  been  tabulated  (Table  I.)  so  as  to  show  the 
number  of  hogs  of  each  sex  examined  during  each  of  the  ten  sea- 
sons and  the  number  found  to  contain  trichinsB  in  each  case.  The 
ratios  between  the  number  examined  and  the  number  found  to  be 
trichinous  have  been  expressed  in  per  cents,  for  each  sex  and  for  the 
two  sexes  taken  together. 

Table  II.  gives  a  detailed  account  of  the  twenty-five  trichinous 
individuals  killed  during  the  seasons  1887-88  to  1893-94.  The 
third,  fourth  and  fifth  columns  are  compiled  from  the  information 
sent  from  the  hospital,  the  age  being  given  in  months  only.  The 
sixth  column  shows  the  approximate  date  of  birth,  based  on  the  two 

preceding  columns.     The  seventh  and  eighth   columns  show  the 

f 

period  —  computed  to  the  nearer  month  only  —  which  elapsed  be- 
tween Jan.  1,  1887,  and  the  time  of  birth,  either  before  or  after  that 
date. 
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/.  Table  showing  Reduction  in  the  Proportion  of  Stoine  infected  with  Trichince  at 
Northampton  Lunatic  Asylum  Jollotoing  a  Substitution  of  Cooked /or  Un- 
cooked Kitchen  Offals  and  the  Exclusion  of  Slaughter-house  Refuse.  Period  of 
Examination  covers  Ten  Seasons,    Change  in  Diet  made  Jan.  i,  1887. 


Malbb. 

Fkmalbs. 

Total  Both  Ssxbs. 

DATES. 

Nmnber 
Examined. 

Nomber 
Trlehlnooa. 

A 

n 

|3 

• 

Per  Cent. 
Trichlnoas. 

Number 
Examined. 

Per  Cent, 
Trtoblnoui. 

1884-85,     .... 

.11 

8 

54.54- 

SO 

1 

10.0 

1      81 

8 

25.8-p 

1885-89,     - 

6 

2 

88.8+ 

10 

80.0 

16 

10 

02.5 

1888-87,t    . 

24 

a^ 

12.5 

88 

24.2+ 

57 

11 

lO.S— 

1887-88,     . 

17 

8 

17.6-1- 

28 

11.5+ 

m 

14.0— 

1888-88,     . 

23 

1 

8 

18.0+ 

18 

■ 

22.2+ 

41 

17.1— 

1888-M,      .       . 

17 

0 

0.0 

82 

15.6+ 

48 

10.1+ 

1880-01,     . 

24 

1 

4.2- 

44 

6.8+ 

«8§ 

6.»— 

1801-02,     .        . 

21 

1 

• 

4.8- 

88 

X 

8.0+ 

54 

8.7+ 

180S-08,     . 

10 

0 

0.0 

27 

8.7+ 

8711 

«.7+ 

1808J04,      . 

28 

0 

0.0 

SO 

0 

0.0 

58 

0 

170 

10 

10.8— 

278 

85 

12.5— 

440 

54 

12.<H- 

*  By  a  elerioal  error  in  report  of  April  10, 1803,  thla  waa  made  22.2  per  cent, 
t  No  nnoooked  oifal  or  Ttaoera  fed  to  boga  after  Jan.  1, 1887. 

X  Ten  hoga,  all  free,  examined  after  the  report  April  16, 1868,  were  accidentally  omitted  in  report 
April  10, 1808. 

f  By  an  error  in  copying,  the  number  reported  April  10, 1808,  waa  64.    The  per  cent,  waa  eorreei. 
II  Three  hogs,  all  Aree,  examined  after  report  April  10, 1888,  are  included  here. 

//.  Table  showing  that  of  Twenty-five  Trichinous  Hogs  slaughtered  during  Seven 
Seasons  (J.887^94)  Ten  were  living  in  Northampton  when  Change  of  Regimen 
occurred^  and  Eight  were  old  enough  to  have  possibly  acquired  Trichince  before 
thai  change. 


SaaiAL  NuMBaa 
+. 


247, 
250, 
251, 
252, 
253, 
254, 

276, 


Number  of 

Trichina 

Found. 


Sex 
of  Hog. 


Date  Killed. 


Approx- 
imate 
Age. 


Approximate 
Date  of  Birth. 


.             .             . 

21 

Male. 

•                a               . 

8 

Female. 

... 

4 

Male. 

... 

16 

Male. 

... 

3 

Female. 

... 

4 

Female. 

... 

10 

Female. 

Jan. 

20,1888. 

Trs.Mot. 
0    11^ 

Feb. 

8,1888. 

0    11 

Feb. 

3, 1888. 

1    0 

Feb. 

10, 1888. 

1    2 

Feb. 

10, 1888. 

1    2 

Feb. 

17, 1888. 

1    0 

Jan. 

4,  1880. 

8    0 

Feb.  5, 1887. 

Jan.  8, 1887. 

Feb.  8, 1887. 

Dec.  10,1886. 

Deo.  10,1886. 

May  17,1886. 

Jan.  4, 1886. 


BOB>  (  Apfmozxmatx)  . 


Before 

Jan.  1, 

1887. 


After 

Jan.  I, 

18B7. 


Yra.  Mot. 


0  1 

0  1 

0  6 

1  0 


Trt.Mot. 

0    1 

0    0 
0    1 
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n.  Table  lowing  thai  of  TujerUy-fivt  Trichinous  Hogs  Mlaughtered  during  Seven 
Seasons  {1887-94)  Ten  were  living  in  Northampton  when  Change  of  Regimen 
occurred^  and  Eight  were  old  enough  to  have  possibly  acquired  THchinm  before 
that  change  —  Concluded. 


Nmnberof 

TrldUiia 

Found. 

Sex 
of  Hoc. 

• 
DateKined. 

Approx- 
imate 
Afe. 

Approximate 
Bate  of  Birth. 

BOU  (AmOZDCATB). 

SmALNoiasB 

Belbrt 

Jan.  1« 

1887. 

After 

Jan.  1, 

1887. 

279,     . 

^ 

Male. 

Jan. 

10, 1889. 

Trt.Mot. 

3    0 

Jnly  10,1886. 

Tn.Moe. 
1    0 

Trt.Moi. 

282,      . 

Female. 

Jan. 

26,1880. 

8    0 

Jnly  26,1886. 

1    6 

- 

2M,      . 

1         2 

Male. 

Feb. 

8,1889. 

1    2 

Dee.     8, 1887. 

- 

0    11 

292, 

^ 

Male. 

Mar. 

1,1889. 

4    0 

Mar.    1, 1886. 

1    10 

- 

290, 

A 

Female. 

Mar. 

16, 1880. 

10    Of 

J    1    « 

Mar.  16,1878. 
Nov,  16, 1887. 

18  9?| 

0    10? 

801,     . 

6 

Female. 

Mar. 

29,1889. 

8    0 

Mar.  29, 1880. 

1 

0    8 

- 

888, 

Female. 

Feb. 

14, 1890. 

8    0 

Feb.  14, 1887. 

- 

0    9 

#o4. 

14 

Female. 

Feb. 

20,1890. 

8    0 

Feb.  20, 1887.  , 

1    10 

- 

880, 

Female. 

Feb. 

27,1890. 

8    0 

Feb.  27,1887. 

- 

0    2 

889, 

Female. 

Mar. 

0,1890. 

6    0 

Mar.    0,1886. 

- 

0    2 

8M, 

Female. 

Mar. 

27,1890. 

2    0 

Sept.  27, 1887. 

- 

0    1 

874,      . 

Female. 

Dee. 

10,1890. 

1    0 

Jooe  19, 1889. 

- 

2    0 

890,*    . 

Female. 

Feb. 

20, 1891. 

8    0 

Feb.  20, 1888. 

- 

1    2 

416,     . 

16 

Female. 

Apr. 

9, 1891. 

1    8 

Ang.    9,1889. 

- 

2    7 

420, 

2 

Male. 

Apr. 

24, 1891. 

1    10 

June  24, 1889. 

- 

2    0 

402,     .        . 

48 

Female. 

Feb. 

18, 1892. 

1    4 

1 

Oet.   18, 1890. 

- 

8    10 

400,      . 

4 

Male. 

Feb. 

26,1892. 

1    6 

Sept.  26, 1890. 

- 

8    9 

S09,     •        . 

90 

Female. 

Mar. 

8,1898. 

8    0 

Mar.    8,1886. 

1 

1    10 

- 

*  Bred  at  Bimttteboro',  Vt.,  Aaylnm.    All  oihera  bred  at  Nortbampton.    All  raleed  at  Northampton. 
t  Beeord  la  "  elzteen  years ; "  perbape  It  •honld  be  sixteen  months. 


The  most  significant  fact  shown  by  Table  I.  is  the  almost  constant 
and  regular  redaction  in  the  proportion  of  hogs  found  to  be  trichi- 
nous since  1887.  Beginning  with  a  high  per  cent,  of  infection,  the 
reduction  has  progressed  until  at  present  the  parasites  seem  to  be 
absent. 

The  last  trichinous  hog  examined  was  slaughtered  March  3,  1893, 
—  nearly  two  years  ago ;  the  hogs  thus  far  examined  for  the  season 
1894-95  being,  like  all  of  those  of  the  season  1893-94,  free  from 
trichina. 


762  STATE  BOARD  OF  HEALTH,    [Pub.  Doc.  No.  34. 

So  far  as  is  known  the  conditions  to  which  the  hogs  were  sub- 
jected before  Jan.  1, 1887,  have  been  altered  in  only  two  particulars. 
The  practice  of  feeding  the  viscera  of  slaughtered  animals  was  then 
discontinued,  and  since  that  date  no  uncooked  offal  from  the  kitchen 
has  been  fed  to  the  hogs. 

An  examination  of  Table  II.  shows  .that  the  last  hog  found  to  be 
trichinous  was  one  year,  ten  months  old  when  the  change  in  regimen 
was  made,  and  it  is  entirely  possible  that  its  infection  occurred 
before  the  change.  The  last  infected  hog,  before  this  one,  was 
killed  Feb.  25,  1892,  —  nearly  three  years  ago,  —  so  that  there  are 
at  least  grounds  for  hoping  that  the  parasite  may  have  wholly  dis- 
appeared. 

The  number  of  hogs  slaughtered  is  too  few  —  on  an  average  only 
about  forty-five  a  year  —  to  render  the  experiment  satisfactory, 
and  yet  it  may  not  be  without  importance.  If  in  a  sufficient 
number  of  cases  it  could  be  shown,  upon  a  larger  scale  and  under 
differing  external  conditions,  that  a  similar  result  follows  a  like 
practice,  considerable  advance  would  have  been  made  toward 
answering  the  question,  What  ought  to  be  done  to  check  the 
spread  and  diminish  the  recurrence  of  trichina  in  swine  ? 

EDWARD  L.  MARK. 

Cakbbidob,  Jan.  28, 1895. 


ON  AN 


EPIDEMIC  OF  TYPHOID  FEVER  IN  MAELBOEOUGH, 


APFABBNTLT 


DUE   TO  INFECTED   SKIMMED  MILK. 


[With  One  Flate«] 


Bt  WILLIAM  T.  BEDGWIOK,  Ph.D.,  Bioloout  ov  thi  Boabd. 
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ON  AN  EPIDEMIC  OF  TIPHOID  FEYER  IN  MARLBOROUGH. 
APPARENTLY  DUE  TO  INFECTED  SKIMMED  MILK. 

[With  One  Plate.] 


By  William  T.  Sedgwick,  Ph.D.,  Biologist  of  the  Board. 


On  Sept.  7,  1894, 1  was  informed  by  Dr.  S.  W.  Abbott,  Secretary 
of  the  Board,  that  an  epidemic  of  typhoid  fever  had  appeared  in 
Marlborough,  and,  a  request  for  aid  haying  been  received  from  Dr. 
W.  S.  Richardson,  chairman  of  the  Board  of  Health  of  Marlborough, 
I  was  instructed  to  make  an  investigation.  On  the  same  day  I  was 
requested  by  an  o£Scial  of  another  board  to  make  an  investigation 
of  certain  cases  of  typhoid  fever  in  Fayville,  a  village  in  South- 
borough,  which  town  adjoins  Marlborough  on  the  east  and  south. 
The  next  day,  therefore,  I  went  to  Marlborough,  calling  at  Fayville 
on  the  way,  and  offered  my  services  on  behalf  of  the  State  Board  of 
Health  to  the  Board  of  Health  of  Marlborough. 

It  appeared  that  about  thirty  cases  of  typhoid  fever  had  already 
been  reported  and  that,  as  is  usual  in  such  cases,  various  theories 
of  the  outbreak  and  its  cause  were  held  or  suggested.  The  local 
papers  contained  numerous  letters  on  the  subject,  some  alleging  that 
the  water  supply  was  infected,  some  that  the  sewerage  was  to 
blame,  and  some  charging  the  trouble  to  accumulations  of  filth,  such 
as  dump  heaps. 

The  first  step  taken  under  my  advice  was  to  examine  the  location 
of  the  cases,  and  for  this  purpose  they  were  plotted  on  a  map  of  the 
city.  As  a  result  it  became  clear,  almost  immediately,  that  the 
disease  was  restricted  to  the  eastern  half  of  the  city,  and  also  that 
there  were  in  all  at  least  forty  cases.  Having  thus  established  the 
fact  that  the  western  portion  of  the  city,  which  is  quite  densely 
populated  and  which  includes  '^  French  hill,"  a  district  thickly 
settled  by  French  Canadians,  had  been  (up  to  that  time)  entirely 
free  from  typhoid  fever,  I  was  very  soon  enabled   to  assure  the 
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water- works  officials,  who  were  in  considerable  anxiety  and  the 
subjects  of  much  public  criticism,  that  whatever  the  cause  of  the 
fever  might  be  the  water  supply  was  plainly  not  at  fault ;  for  it  was 
inconceivable  that  if  it  bad  been  the  disease  should  have  appeared 
only  in  one  portion  of  the  city,  and  that  the  most  remote  from  the 
distributing  reservoir. 

Considerations  similar  to  those  which  enabled  me  to  exclude  the 
public  water  supply  as  the  source  of  the  epidemic  made  it  easy  to 
prove  that  the  public  sewers  were  not  at  fault,  and  the  following 
editorial  item  in  a  local  newspaper  quickly  served  to  allay  the  appre- 
hensions of  the  public  in  these  directions :  — 

Typhoid  Fever.  —  Until  the  State  Board  of  Health  completes  its  study  of 
the  cases  of  this  dangerous  disease,  the  source  of  the  trouble  cannot  be 
authoritatively  announced.  But  we  are  warranted  in  saying  that  the  cause 
is  not  in  any  way  connected  with  either  our  water  or  sewer  system.  Our 
people  need  feel  no  uneasiness  whatever  relative  to  these. 

It  is  a  matter  worthy  of  special  note  that  it  is  thus  sometimes  pos- 
sible within  an  hour  after  the  arrival  of  a  competent  and  experienced 
sanitary  inspector  to  pronounce  with  absolute  certainty  that  the 
public  water  supply  or  sewerage  system  cannot  possibly  be  the 
source  of  the  epidemic  in  question.  As  showing  the  possibilities  of 
a  rational  and  scientific  epidemiology,  it  is  interesting  to  observe 
that  the  conclusions  here  announced  were  reached  and  conveyed  to 
the  officials  of  the  water  and  sewer  departments  after  only  a  few 
hours  of  investigation.  These  officials  expressed  themselves  as 
greatly  relieved  and  highly  gratified.  It  should  not  be  overlooked, 
however,  that  the  conditions  for  reaching  such  a  conclusion  quickly 
were  here  especially  favorable.  If  the  conditions  had  been  exactly 
reversed  and  the  cases,  instead  of  being  remote  from  the  reservoir, 
had  been  near  it  (as  might  easily  have  happened),  then  it  would 
have  been  impossible  to  say,  from  their  location,  that  they  were  not 
due  to  the  water  supply.  On  the  contrary,  the  suspicion  that  they 
were  due  to  it  must  then  have  been  strong  because  the  absence  of 
cases  remote  from  the  reservoir  might  have  been  accounted  for  by  the 
death  of  the  disease  germs  in  the  pipes.  Fortunately,  in  the  present 
case  the  disease  was  strictly  confined  to  a  region  remote,  relatively 
speaking,  from  the  reservoir,  and  it  was  easy  to  show  that,  there- 
fore, they  could  not  have  come  from  the  water  supply. 
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Bat  while  a  very  brief  investigatioD  had  thus  established  the  fact 
that  the  epidemic  could  not  possibly  be  attributed  to  the  public  sys- 
tems of  water  supply  or  sewerage,  the  true  source  of  the  outbreak 
still  remained  to  be  found,  and  I  next  turned  to  the  milk  supply  as  a 
possible  vehicle  of  the  disease.  But  it  soon  became  plain  that  many 
different  milkmen  were  involved,  and  that  therefore  ordinary  milk 
could  not  have  been  the  common  carrier  of  the  infection.  Closer 
inquiry,  however,  finally  disclosed  the  fact  that  very  nearly  in  the 
middle  of  the  infected  district  was  a  ''creamery"  which,  although 
private,  served  in  a  manner  as  a  milk  centre  for  the  whole  city. 
More  careful  investigation  revealed  the  following  facts. 

This  creamery  bought  milk  from  twenty-eight  different  farms, 
which  constituted  its  regular  supply.  It  also  bought,  from  time  to 
time,  from  the  various  independent  milk  peddlers  whatever  milk 
they  had  left  over  and  wished  to  sell  after  their  daily  rounds.  On 
the  other  hand  the  creamery  sold  to  the  various  milk  peddlers  when- 
ever their  own  supplies  ''  ran  short,**  and  in  these  ways  served,  as 
it  were,  as  a  kind  of  '* clearing  house"  for  the  milk  supply  of 
Marlborough.  From  the  milk  which  it  purchased  it  made  cream  and 
butter,  and  the  buttermilk  and  skimmed  milk  were  sold.  The  but- 
ter had  an  excellent  reputation,  and  was  sold  at  such  prices  that  it 
was  said  to  go  mostly  to  the  well-to-do  families  of  Marlborough. 

It  is  important  to  observe  that  no  ''  whole  ^'  milk  (as  fresh  milk  is 
called  in  contradistinction  to  ''skimmed"  milk)  was  sold  by  the 
creamery  excepting  uncertain  amounts  to  peddlers  who  '^  ran  short," 
as  has  already  been  stated.  The  skimmed  milk  produced,  on  the  other 
hand,  had  to  be  disposed  of,  and  for  this  purpose  a  special  milk  wagon 
was  run,  by  the  proprietor  of  the  creamery,  from  which  skimmed 
milk  was  peddled,  daily,  over  a  considerable  section  of  the  city. 
Moreover,  this  milk  because  of  its  cheapness  was  extensively  pur- 
chased, being  used  chiefly  perhaps  for  cooking,  but,  also,  to  a  very 
considerable  extent,  for  drinking  purposes.  Such  milk  either  from 
the  "separator"  or  skimmed  after  standing  only  a  few  hours  in 
iced  water  is  still  sweet  and  palatable. 

My  suspicions  at  once  rested,  largely  because  of  its  central  location 
among  the  cases,  on  the  creamery,  and  very  soon  after  upon  this 
special  skimmed-milk  service.  I  therefore  made  in  the  next  place  a 
house-to-house  investigation  which  established,  beyond  all  possible 
doubt,  the  fact  that  here  was  a  common  bond  existing  between 
most  of  the  cases.     It  had  not  escaped  observation  that  the  disease 
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was  confined  to  those  of  slender  means  or  in  poor  circumstances,  and 
closer  investigation  showed  that  some  who  had  attempted  to  econo- 
mize in  their  milk  supply  by  using  skimmed  milk  had  suffered  most 
severely.  One  case  in  particular  may  be  mentioned.  A  widow  of 
very  small  means  was  supporting  a  family  of  four  children  aged 
seventeen,  thirteen,  eight  and  five  years,  respectively.  For  the  sake 
of  economy  she  purchased  no  milk  excepting  skimmed  milk,  and  that 
from  the  **  creamery"  wagon.  At  the  time  of  my  visit  three  of  the 
children  were  abed  with  typhoid  fever  and  the  fourth  was  apparently 
in  the  prodromal  stage  as  a  secondary  case. 

In  the  house-to-house  investigation  much  skill  and  tact  were  neces- 
sary, in  some  cases,  to  secure  any  admission  that  skimmed  milk  had 
been  bought  and,  especially,  that  it  had  been  much  used  for  drinking 
as  well  as  for  cooking.  In  a  few  cases  it  was  persistently  denied  that 
it  had  ever  been  so  used.  This  was  probably  not  always  true,  but 
even  if  it  were  true  the  confusion  of  dishes  in  a  kitchen  might  easily 
lead  to  exchange  and  the  accidental  use  of  skimmed  milk.  The  only 
reason  for  evasion  or  concealment  of  the  facts  was  the  dislike  to  con- 
fess that  so  despised  an  article  of  food  as  skimmed  milk  had  been  used. 

The  total  number  of  cases  during  the  epidemic  period  (August  1 
to  September  15)  was  50.  Of  these  1  was  imported  from  Fayville, 
leaving  49  to  be  accounted  for.  The  total  number  of  those 
known  to  have  had  access  to  skimmed  milk,  buttermilk  or  cream 
from  the  creamery,  was  47.  The  number  who  bought  milk  of 
a  milkman  known  to  deal  with  the  creamery,  but  not  otherwise 
connected,  was  2,  —  making  altogether  49  (or  the  whole  number  of 
cases)  who  might  have  been  infected  from  this  source.  Of  the  47 
who  had  access  to  skimmed  milk,  buttermilk  or  cream,  direct  from 
the  creamery,  45  had  access  to  skimmed  milk,  1  to  buttermilk  and 
1  to  cream. 

On  the  15th  of  September  I  had  progressed  far  enough  to  make 
the  following  report :  — 

To  Dr.  Wm.  S.  Richardson,  Chairman^  Board  of  HcaUh  of  Marlborough, 

Dear  Sir: — I  have  now  completed,  on  behalf  of  the  State  Board  of 
Health,  a  preliminary  investigation  of  the  recent  oatbreak  of  typhoid  fever 
in  Marlborough  with  the  following  result :  I  find  that  there  have  been  in  all, 
thus  far,  50  cases  in  the  city,  of  which  49  appeared  to  have  originated  here 
and  one  has  been  imported.  The  disease  has  been  confined  to  the  eastern 
portion  of  the  city,  a  considerable  area  on  the  west  having  had  no  cases. 
For  this  reason  it  is  impossible  to  suppose  that  any  general  contamination 
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of  the  public  water  supply  has  occurred  which  might  explain  the  present 
outbreak,  and  I  find  no  evidence  of  any  kind  which  would  throw  suspicion, 
in  this  connection^  upon  the  city  water.  Nor  is  there  any  reason  to  attrib- 
ute the  disease  to  sewerage,  for  the  houses  affected  do  not  differ  essentially 
in  their  sewerage  from  many  other  houses  having  no  fever  in  them,  while  a 
considerable  section  of  the  city  though  similarly  sewered  has  had  no  typhoid 
fever  cases. 

Inasmuch  as  it  is  well  known  that  unboiled  milk  is  a  ready  vehicle  of 
typhoid  fever,  I  turned  next  to  a  consideration  of  the  milk  supply  of  those 
affected,  and  was  rewarded  by  the  discovery  that  a  very  large  number  of  them 
had  been  supplied  with,  or  had  had  access  to,  milk  from  a  common  source. 
I  have  therefore  made  a  thorough  study  of  the  milk  supply  of  the  city,  and 
as  a  result  have  been  forced  to  conclude  that  the  recent  outbreak  of  typhoid 
fever  in  Marlborough  was  caused  by  milk,  and  mostly  by  skimmed  milk, 
which  had  for  the  time  being  become  contaminated,  in  some  way  at  present 
unknown.  The  attack  was  most  severe  during  the  last  week  in  August  and 
now  appears  to  have  nearly  subsided.  Epidemics  due  to  infected  milk  are 
not  uncommon,  but  all  danger  from  typhoid  fever  in  milk  may  be  averted 
by  using  only  milk  that  has  been  heated  to  the  boiling  point. 

Very  respectfully  yours, 

W.   T.    SSDGWICK, 

Biologist,  Stale  Board  of  Health 

In  cases  of  this  kind  a  general  anxiety  often  prevails  which 
causes  the  people  to  turn  upon  the  local  authorities,  such  as  the 
board  of  health,  the  sewer  commissioners  and  especially  the  water 
board,  alleging  their  incompetency  or  neglect  and  demanding  their 
removal  from  office.  At  such  times  it  is  of  the  highest  importance 
to  have  some  outside  and,  if  possible,  superior,  disinterested  and 
unprejudiced  authority  assume  the  burden  of  investigation,  and 
without  suspicion  of  fear  or  favor  examine  into  the  facts. 

The  following  comment  from  a  local  paper  illustrates  these 
points :  — 

Typhoid  Fever.  —  The  emphatic  decision  of  the  State  Board  of  Health 
in  favor  of  our  water  and  sewer  systems  will,  we  trust,  relieve  the  unduly 
weighted  minds  of  those  who  so  recently  have  been  busily  endeavoring  to 
discredit  them.  Milk  is  a  very  common  source  of  disease,  and  it  is  not  at 
all  surprising  that  it  should  have  caused  the  trouble  here.  Rather,  it  is 
gratifying  to  know  that  the  disease  is  confined  to  a  food  that  can  readily 
be  dispensed  with  for  a  time,  and  can  be  made  perfectly  safe  by  boiling. 
The  city  is  doubly  fortunate  in  the  character  of  the  trouble,  the  few  deaths 
therefrom,  and  the  prompt  and  decisive  action  of  the  health  authorities. 
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To  discover  the  close  coincidence  between  the  skimmed-milk  route 
and  the  location  of  the  cases  reference  may  be  had  to  the  accom- 
panying plate.  Some  of  the  cases  near  the  **  creamery  "  bought  not 
from  the  wagon  but  directly  from  the  creamery  itself.  Those  on 
Monument  Avenue  and  Windsor  Street  bought  skimmed  milk  which 
had  come  from  the  creamery  but  not  from  the  regular  wagon.  The 
case  on  Mechanic  Street  came  from  the  same  source  as  these.  The 
cases  on  Frye  and  Wachusett  streets  bought  buttermilk  and  milk 
from  a  man  who  had  some  dealings  with  the  creamery.  The  same 
is  true  of  the  case  on  Liberty  Street.  One  or  two  of  the  remaining 
cases  were  imported.     That  on  Beach  Street  came  from  Fayville. 

Enough  has  now  been  said  to  show  that  the  creamery  was  ap- 
parently the  source  of  the  epidemic.  The  location  of  the  creamery 
(on  the  corner  of  Maple  and  East  Main  streets)  is  shown  on  the 

map. 

It  will  be  observed  that  there  was  a  case  of  typhoid  fever  in  this 
creamery.  I  was  early  informed  of  this  fact,  but  was  assured  that 
the  patient  (J.  H.  P.)  was  merely  a  partaker  in  the  common  misfort- 
une. Mindful  of  the  milk  epidemic  of  typhoid  fever  in  Somerville 
(see  Report  of  1892),  in  which  the  driver  of  one  of  the  milk  wagons 
appeared  to  be  only  a  partaker,  but  was  afterward  found  to  have 
been  the  probable  cause  of  the  common  disease,  I  examined  this 
case  with  special  care,  particularly  after  it  had  become  evident  on 
careful  investigation  that  no  typhoid  fever  existed  on  any  of  the 
farms  regularly  tributary  to  the  creamery.  The  matter  became  still 
more  important  when  I  discovered  that  the  case  in  the  creamery  was 
that  of  the  driver  of  the  skimmed-^milk  wagouj  although  he  had  only 
taken  to  his  bed  on  August  28,  namely,  after  the  height  of  the 
epidemic  had  been  reached. 

To  show,  however,  that  J.  H.  P.  was  really  attacked  early  enough 
to  have  been  possibly  the  unconscious  cause  of  the  whole  trouble  it 
is  only  necessary  to  cite  the  following  facts  :  While  it  is  true  that  be 
took  to  his  bed  on  the  28th  of  August,  and  called  on  that  day  the 
physician  who  attended  him  throughout  his  illness,  the  young  man 
himself  states  that  he  had  had  considerable  fever  and  had  been  really 
ill  for  eleven  days  before  this  time ;  and  it  is  a  matter  of  record  that 
six  days  before  he  gave  up,  namely,  on  the  22d,  he  was  so  ill  that 
he  almost  fainted  in  church ;  while  a  trustworthy  physician  whom 
he  consulted  found  that  he  had  on  that  day  a  temperature  of  103^  F. 
Again,  when  I  first  saw  him  on  September  14  he  was  dressed  and 
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sitting  up  in  obvioas  convalescence ;  and  soon  after  he  began  regular 
work  again  at  another  place.  If  he  had  really  been  a  patient  dating 
from  Augast  28  he  would  then  have  been  in  his  third  week ;  whereas 
he  was  clearly  far  beyond  this  point.  In  my  judgment,  and  in  that 
of  Dr.  Richardson,  this  young  man  may  have  had  typhoid  fever  at  a 
date  early  enough  to  have  been  the  cause  of  the  entire  epidemic. 

To  show  his  precise  relation  to  the  milk,  and  how  he  might  have 
infected  it,  a  brief  account  must  be  given  of  the  business  of  the 
creamery.     It  appears  that  the  farmers  brought  in  the  greater  part 
of  the  supply  before  8.30  a.m.  daily.      Some  of  this  milk  was  **  set " 
in  deep  cans  standing  in  cold  water  in  large  wooden  chests.     The 
creamery  was  rather  old-fashioned,  having  none   of  the   modern 
**  Cooley  ^  creamers,  and  buying  milk  instead  of  cream.     About 
one-fifth  of  the  whole  product  was  «*set"  in  this  way,  for  the  sake 
of  the  cream,  which,  thus  *^  raised,**  is  preferred  by  some  consumers 
to  that  from  the  *'  separator.^    The  rest  of  the  milk  went  into  a 
tank  holding  perhaps  one  hundred  and  fifty  gallons ;  and  from  this 
very  soon  into  the  separator.     The  milk  that  was  set  was  skimmed 
by  hand  very  early  next  day  (in  this  case  by  the  wife  of  the  pro- 
prietor of  the  creamery).     There  were  thus,  in  the  forenoon,  two 
kinds  of  <<  skimmed"  milk;  one  nearly  twenty-four  hours  old  and 
known  as  ^^  hand  skum^*  (hand  skimmed)  ;  the  other  comparatively 
fresh  and  recently  from  the  separator.     The  force  at  this  creamery 
consisted  of  the  proprietor  and  his  son  (a  youth),  his  wife  and  J. 
H.   P.,  the  young  man  who  had   typhoid  fever.     J.  H.  P.  had 
nothing  whatever  to  do  with  the  ''whole"  milk  (fresh    milk)  or 
with  the  butter  or  the  cream.     His  duty  was  to  rise  early,  breakfast, 
fill  his  own  milk  cans  and  peddle  the  skimmed  milk.     Occasionally 
he  carried  buttermilk  and  cream,  also.     It  was  his  custom  to  pour  the 
skimmed  milk  first  from  the  **  hand-skimmed  "  cans ;  and  this  usually 
more  than  sufficed  for  his  first  wagon  load.     When  this  was  sold  he 
returned  and  took  f^  second  load,  either  of  similar  skimmed  milk  or 
of  that,  by  this  time,  of  the  same  forenoon,  perhaps  now  ready  from 
the  separator.     With  this  he  supplied  the  north-eastern  part  of  his 
route.     A  third  load  went  to  the  north-western  and  western  part  of 
the  city ;  and  this  was  oftenest  a  load  of  the  separator-skimmed  milk. 
The  first  load  went  mostly  to  the  southern  part  of  the  city,  and  on 
this  route  the  largest  number  of  cases  appeared.    Whether  the  *  *  hand- 
skimmed  "  milk  was  really  worse  and  the  *^  separated "  milk  was 
less  infected,  it  is  impossible  to  say ;  but  J.  H.  P.  stated  that  the 
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cleanest  skimmed  milk  was  that  from  the  separator.  After  deliveriDg 
the  three  loads  of  milk  J.  H.  P.  was  accustomed  to  have  bis  dinDer, 
wash  his  cans,  sweep,  and  clean  up  and  make  himself  generally 
useful. 

I  find  no  evidence  that  either  the  whole  milk  or  tbe  butter  was 
infected  at  any  time,  and  no  good  evidence  that  any  cream  or  butter- 
milk was  infected.  The  skimmed  milk,  however,  appears  to  have  been 
all  infected,  inasmuch  as  that  sold  occasionally  in  small  quantities  by 
another  wagon  appears  to  have  caused  typhoid  fever  as  readily  as  that 
sold  by  J.  H.  P.  The  <  <  whole  ^  milk  may  possibly  have  been  infected ; 
but  in  the  entire  absence  of  any  evidence  of  such  infection  it  is  more 
reasonable  to  suppose  that  J.  H.  P.,  whose  duty  was  wholly  confined 
to  the  skimmed-milk  service,  somehow  contaminated  the  latter  sup- 
ply. I  have  shown  in  the  Report  of  the  State  Board  of  Health  for 
1892,  in  connection  with  the  Somerville  epidemic,  how  infection  may 
easily  enter  milk  from  the  hands  of  a  person  *^  handling"  it,  if  that 
person  is  at  the  time  suffering  from  typhoid  fever  and  is  not  more 
than  ordinarily  careful  as  to  personal  cleanliness ;  and  it  is  my  belief 
that  J.  H.  P.  was  in  some  such  way  the  original  source  of  the  epi- 
demic in  Marlborough. 

The  epidemic  in  Springfield  in  August,  1892,  was  closely  con- 
nected with  and,  in  one  sense  came  through,  a  creamery.  This  case 
is  fully  discussed  in  the  report  for  1892.  In  the  Lancet  for  April 
21,  1894,  is  a  lengthy  and  valuable  article  entitled  ^'Creameries 
and  Infectious  Diseases."  In  this  the  author  (Dr.  J.  J.  Welply) 
gives  an  account  of  an  epidemic  of  typhoid  fever  in  which  an  out- 
break of  61  cases  was  traced  by  him  to  a  creamery.  Of  the  61  cases 
52  contracted  the  disease  directly  through  the  creamery  and  mostly 
by  drinking  '^  separated"  (skimmed)  milk.  In  this  case,  also,  no 
evidence  was  found  that  the  butter  was  infected,  and  as  far  as  I  know 
we  have  yet  to  obtain  satisfactory  evidence  of  typhoid  fever  conveyed 
by  butter,  although  doubtless  some  apparently  '^  original"  sporadic 
cases  find  their  explanation  here. 

The  cases  in  Fayville  on  investigation  seemed  to  belong  with  those 
in  Marlborough  in  incidence  and  origin ;  and  although  it  was  not 
positively  proved  that  any  of  the  skimmed  milk  had  reached  the 
cheap  boarding-houses  for  laborers  in  which  the  typhoid  fever  in 
Fayville  occurred,  it  is  known  that  the  keepers  of  these  boarding- 
houses  used  much  cheap  milk,  that  they  bought  many  of  their 
supplies  in  Marlborough  and  that  they  might  easily- have  bought 
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skimmed  milk  there.  The  cases  in  Fuyville  ceased  as  soon  as 
adequate  disinfection  was  instituted. 

The  epidemic  in  Marlborough  ended  on  September  12.  No  more 
cases  occurred,  so  far  as  is  known,  in  this  month,  excepting  one  on 
the  18th,  one  on  the  25th  and  one  on  the  29th.  In  October,  how- 
ever, 20  more  cases  are  recorded,  but  of  the  existence  of  these  I  was 
not  informed  until  long  afterwards,  when  a  careful  study  showed 
them  to  be  mostly  secondary  cases,  or  else  cases  tardily  reported 
and  really  belonging  in  the  earlier  group.  The  total  number  of 
deaths  from  typhoid  fever  in  Marlborough  in  1894  was  9,  of  which 
7  may  be  attributed  to  the  epidemic. 

For  aid  in  studying  the  later  cases,  and  for  the  making  of  the  plate 
which  accompanies  this  paper,  I  am  indebted  to  Mr.  R.  D.  Chase,  S.  B. 
Dr.  W.  S.  Richardson,  chairman,  and  Mr.  D.  S.  Callahan,  agent,  of 
the  board  of  health  of  Marlborough  are  also  entitled  to  honorable 
mention  for  much  valuable  assistance  rendered. 

The  following  brief  account  of  the  epidemic  is  taken  from  the 
annual  report  of  the  board  of  health  of  Marlborough  for  1894 :  — 

Daring  the  last  week  in  August  the  board  of  health  ascertained  that  there 
were  in  the  city  12  probable  cases  of  typhoid  fever.  As  so  large  a  number 
of  cases  had  not  appeared  in  the  city  at  any  time  daring  the  last  ten  years, 
tbe  board  thought  tliat  the  cause  must  come  from  a  common  source,  and 
immediately  solicited  the  aid  of  the  State  Board  of  Health  in  investigatiog 
what  seemed  to  be  the  beginning  of  an  epidemic.  In  a  few  days  Professor 
Sedgwick,  Biologist  of  the  State  Board,  who  has  had  large  experience  in 
work  of  this  kind,  came  and  began  the  task  of  discovering  the  probable 
location  of  the  cause  of  the  disease.  .  .  . 

Attention  was  first  directed  to  Marlborongh's  water  supply.  The  number 
of  cases  had  now  increased  to  35.  On  a  map  of  the  city  the  location  of 
these  cases  was  indicated  by  a  colored  crayon.  A  glance  at  this  map 
showed  that  the  disease  existed  only  in  a  limited  area  in  the  eastern  part 
of  the  city.  This  fact  proved  conclusively  that  the  germs  of  the  disease 
could  not  be  present  in  the  entire  water  supply  of  the  city.  In  places 
where  epidemics  have  been  found  to  be  spread  through  the  medium  of  the 
water  supply  the  part  of  the  town  suffering  most  has  been  that  nearest  the 
source  of  that  water  supply.  At  this  time  there  was  not  a  single  case  of 
fever  in  the  western  part  of  the  city  where  tbe  water  from  the  reservoir  is 
first  distributed. 

Other  possible  water  supplies  to  the  infected  part  of  the  city  were  next 
considered,  and  then  the  food  and  milk  supply.  It  was  found  that  all  the 
families  where  cases  of  typhoid  existed  had  access  to  one  milk  supply. 
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The  time  of  the  first  appearance  of  the  disease  in  the  city  was  next  inres- 
tigated.  The  time  that  the  patients  went  to  bed  and  the  dates  of  appear- 
ance of  the  first  symptoms  of  reported  cases  were  made  note  of.  These 
notes  disclosed  the  fact  that  one  patient  might  have  been  the  innocent 
caase  of  the  epidemic.  Through  this  patient  the  milk  supply  for  a  part  of 
the  city  might  have  become  infected  for  a  certain  time.  The  farther  his- 
tory of  the  epidemic  went  to  prove  that  this  was  its  probable  origin ;  for 
after  the  patients  who  might  have  contracted  the  disease  from  this  scarce 
had  recovered,  the  epidemic  was  practically  at  an  end  and  only  scattering 
cases  appeared  later.  •  .  • 

Some  member  of  the  board  or  its  agent  visited  *all  of  the  infected  booses, 
and  wherever  disinfection  could  not  be  properly  carried  out  because  of  lack 
of  means  the  board  furnished  aid  and  assistance.  The  board  of  health  of 
Marlborough,  in  behalf  of  the  citizens  and  for  themselves,  are  most  thank- 
ful to  the  State  Board  of  Health  for  this  investigation.  It  was  carefully 
and  rapidly  made  by  one  thoroughly  familiar  with  this  kind  of  scientific 
work,  and  the  conclusions  arrived  at  dispelled  the  fears  of  danger  from  the 
water  supply  and  certain  other  possible  sources  of  contagion. 

As  far  as  I  know  the  present  is  the  first  case  on  record  in  America 
in  which  an  epideniic  of  typhoid  fever  has  been  apparently  due  to 
the  use  of  infected  skimmed  milk  ;  but  it  is  easy  to  believe  that  many 
obscure  outbreaks  of  this  disease  may  have  come  from  a  similar 
source.  With  the  multiplication  of  creameries  to  which  milk  (or 
cream)  is  brought  from  numerous  and  various  farms,  the  possibility 
must  be  kept  in  mind  of  contamination  of  the  whole  product  by  one 
infected  contributory  portion ;  and  inasmuch  as  skimmed  or  '<  sepa- 
rated^ milk,  on  account  of  its  cheapness  and  freshness,  is  now  much 
used  not  only  for  cooking  but  also  for  drinking,  this  product,  as  well 
as  the  ^'  whole"  milk,  must  henceforward  be  regarded  as  a  possible 
vehicle  of  infectious  disease. 
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STATISTICS  OF  DISEASE  AND  MORTALITY. 


For  more  than  twenty  years  the  Board  has  collected  and  published 
statistics  of  mortality  from  cities  and  towns  in  the  State  which  have 
voluntarily  contributed  them  for  compilation.  The  labor  of  this 
useful  department  has  been  increased  from  time  to  time  by  the 
enactment  of  new  statutes,  making  the  collection  of  certain  statistics 
compulsory,  so  that  the  following  lines  of  statistical  work  are  now 
conducted  in  the  general  department  of  the  Board  :  — 

1.  The  collection  and  publication  of  the  weekly  returns  of  deaths 
contributed  mainly  by  the  city  registrars  and  boards  of  health  of  the 
cities  and  large  towns.  These  are  published  in  the  form  of  a  weekly 
bulletin,  one  copy  of  which  is  sent  to  the  registering  officer  of  each 
city  and  town  in  the  State  weekly.  During  the  past  year  the  cost 
of  issuing  this  report  has  been  considerably  diminished  by  the  deci- 
sion of  the  postal  authorities  to  the  effect  that  the  bulletin  may  be 
sent  through  the  mails  as  second-class  matter. 

2.  The  publication  of  the  numbers  of  cases  and  deaths  from  each 
one  of  four  principal  infectious  diseases  occurring  in  each  city  and 
town  whose  annual  reports  are  forwarded  to  the  office  of  the  State 
Board  of  Health,  the  diseases  included  being  diphtheria,  scarlet  fever, 
typhoid  fever  and  measles,  these  being  the  four  infectious  diseases 
which  are  most  commonly  reported  to  local  boards  of  health  by 
physicians.  By  comparing  the  deaths  with  the  reported  cases  the 
mean  ratio  of  fatality  from  each  for  a  series  of  years  is  obtained  with 
a  fair  degree  of  accuracy. 

3.  In  consequence  of  a  statute  enacted  in  1893  (chapter  302), 
entitled  *^  An  act  relative  to  notices  from  local  boards  of  health  in 
cases  of  diseases  dangerous  to  the  public  health,"  it  has  now  become 
possible  to  collect  and  publish  with  greater  certainty  such  informa- 
tion as  is  required  by  the  statute  in  regard  to  the  prevalence  of 
infectious  diseases  in  the  State.  By  the  terms  of  this  act  every  local 
board  of  health  which  has  had  notice  of  the  occurrence  of  a  case 
of  small-pox  or  of  any  other  disease  dangerous  to  the  public  health 
is  required  to  report  the  same  to  the  State  Board  of  Health  within 
twenty-four  hours  after  receipt  of  each  such  notice. 

In  this  act  no  '<  disease  dangerous  to  public  health''  was  specified 


778  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

by  name  except  small-pox.  The  Board,  therefore,  deemed  it 
proper,  id  consequence  of  the  doubt  which  might  arise  among  local 
boards  as  to  the  interpretation  of  this  clause,  to  express  its  opinion 
upon  the  question  as  to  what  diseases  should  be  deemed  subject  to 
o£BciaI  notice  under  the  term  **  dangerous  to  public  health."  The 
diseases  which  the  Board  considered  as  coming  within  the  meaning 
of  the  act  in  addition  to  small-pox  are:  scarlet  fever^  measles y 
typhoid  fever^  diphthei'ia^  membranous  croupy  cholera^  yellow  fever^ 
typhus  fevery  co'ebro-spinal  meningitis^  hydrophobiaj  malignani 
pustule y  leprosy  and  trichinosis. 

The  Board  issued  a  circular  upon  this  subject  in  September,  1893, 
calling  the  attention  of  local  boards  of  health  to  the  new  law ;  and 
consequently  the  first  report  under  that  act  comprised  the  returns  of 
the  closing  months  of  1893.  To  this  is  added  in  the  present  report 
a  summary  of  the  returns  under  the  same  act  for  1894. 

4.  In  the  following  year,  1894,  another  act  was  passed,  pertain- 
ing to  the  election  of  boards  of  health  in  towns,  which  contained  the 
following  section  relating  to  certain  returns  to  be  made  to  the  State 
Board  of  Health :  — 

[Acts  of  1894,  Chaptbb  218,  Sbotion  8.] 
In  each  city  and  town  having  a  popalation  of  more  than  five  thousand 
inhabitants,  as  determined  by  the  last  census,  at  least  one  member  of  said 
board  shall  be  a  physician,  and  the  board  shall  send  an  annual  report  of 
the  deaths  in  such  town  to  the  State  Board  of  Health.  The  form  of  such 
repoits  shall  be  prescribed  and  furnished  by  the  State  Board  of  Health. 

The  first  returns  made  under  the  provisions  of  this  act  are  summa- 
rized in  the  following  pages. 

Of  these  four  lines  of  statistical  work  the  two  latter  are  the  result 
of  acts  of  the  Legislatures  of  1893  and  1894.  Each  has  its  value : 
the  first  consists  of  the  weekly  mortality  returns,  being  useful  in 
determining  the  seasonal  mortality  by  weeks  from  several  infectious 
and  other  diseases  for  each  year  and  for  a  series  of  years ;  the  second 
presents  the  ratio  of  fatality  (percentage  of  deaths  to  cases)  from 
diphtheria,  scarlet  fever,  typhoid  fever  and  measles :  the  third  shows 
the  number  of  reported  cases  of  certain  diseases  **  dangerous  to  the 
public  health"  in  each  of  the  cities  and  towns  which  complied  with 
the  statutes  (chapter  302,  Acts  of  1893)  during  the  year;  and  the 
fouith  presents  a  general  report  of  the  mortality  during  the  year 
1894  in  cities  and  towns  having  a  population  over  5,000,  summarized 
and  classified  according  to  sexes,  age  and  season  of  the  year. 
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I. 

SUMMARY  OF    THE  WEEKLY   MORTALITY  REPORTS    FROM 

CITIES  AND  TOWNS. 

The  following  summary  comprises  the  retams  6f  deaths  made  at 
the  end  of  each  week  by  the  town  clerks,  city  registrars  and  other 
officials  having  in  charge  the  vital  statistics  of  cities  and  towns. 

These  returns  are  compiled  each  week  and  published  as  a  bulletin, 
one  copy  of  which  is  sent  to  the  registering  officer  of  each  city  and 
town  in  the  State.  These  reports  are  necessarily  incomplete,  since 
they  are  voluntary,  and  comprise  the  mortality  statistics  of  a  part  of 
the  population  only,  the  reporting  places  being  chiefly  the  cities  and 
larger  towns.  The  estimated  population  of  the  cities  and  towns  con- 
tributing to  the  returns  of  1894  was  about  1,466,000,  or  about  three- 
fifths  of  the  total  population. 

The  data  embraced  in  this  summary  are  the  following :  — 

Average  height  of  barometer  for  each  week. 

Mean  maximam  temperature. 

Mean  minimum  temperature. 

Rainfall  expressed  in  inches. 

Total  deaths  reported  for  each  week. 

Deaths  of  children  under  five  years. 

Deaths  from  infectious  diseases. 

Deaths  from  consumption. 

Deaths  from  acute  lung  diseases. 

Deaths  from  typhoid  fever. 

Deaths  from  diarrhoeal  diseases. 

Deaths  from  scarlet  fever. 

Deaths  from  measles. 

Deaths  from  diphtheria  and  croup. 

Deaths  from  puerperal  fever. 

Deaths  from  whooping-cough. 

Deaths  from  malarial  fever. 

Deaths  from  small-poz. 

Deaths  from  erysipelas. 

The  following  table  contains  a  summary  of  the  statistics  compiled 
from  these  weekly  returns  of  mortality :  — 
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Total  Deaths. 

The  whole  number  of  deaths  reported  for  the  year  1894  from  the 
cities  and  towns  contributing  to  these  reports  was  28,440  and  the 
average  number  per  week  was  546.  The  greatest  number  of  deaths 
reported  in  a  single  week  was  763,  in  the  week  ending  July  21 ;  and 
the  least  number  was  454,  in  the  week  ending  March  31.  The 
weekly  average  number  of  deaths  reported  for  each  month  was  as 
follows :  — 


January,        .        •        .        .        .616 

February, 555 

March, 525 

April, 497 

May,      .        ...        .        .        .502 

June, 486 


July, 664 

August, 612 

September, 566 

October 534 

November, 498 

December, 527 


The  months  in  which  the  greatest  mortality  was  reported  were 
July,  September  and  December,  and  those  in  which  there  was  the 
least  re  polled  mortality  were  April,  May  and  November.  The  per- 
centages of  mortality  in  each  of  the  four  quarters  of  the  year  were 
as  follows :  — 


All  Aobs. 

AOKS  Uhdkr  Fivb  Ybamw 

Numbers. 

Peroentaget. 

Nnmben. 

PeroentacM. 

First  quarter, 

Second  quarter,      .... 
Third  quarter,         .... 
Fourth  quarter,      .... 

7.312 
6,430 
7.937 
6.761 

25.71 
22.61 
27.91 
28.77 

2.167 
2,068 
8,792 
2,231 

21.13 

20.16 
36.96 
21.75 

23,440 

100.00 

10,258 

100.00 

The  death  rate  of  reporting  cities  and  towns  was  19.4  per  1,000, 
the  estimated  population  being  1,466,000. 

Deaths  under  Five  Years. 

The  reported  number  of  deaths  of  children  under  five  years  of  age 
was  10,258,  and  the  average  weekly  number  was  197.  The  greatest 
number  reported  in  one  week  was  431,  in  the  week  ending  July  21 ; 
and  the  least  number  was  120,  in  the  week  ending  June  9.  The 
ratio  of  the  deaths  of  this  class  to  the  total  reported  mortality  was 
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36.1  per  cent.,  which  was  slightly  greater  than  that  of  the  preceding 
year  (35.5  per  cent.).  The  average  weekly  number  of  deaths  of 
children  under  5  years  of  age  by  months  was  as  follows  :  — 


January, 170 

February, 167 

March, 172 

April, 160 

May,      .        •  .     •        •        •        •  168 

June,      .        .....  166 


July, 889 

August, 804 

September, 248 

October, 195 

NoTember, 162 

December, 161 


The  months  having  the  greatest  number  of  deaths  of  children 
under  five  years  of  age  were  July,  August  and  September,  and  those 
having  the  least  number  were  February^  April  and  November. 

CJONSUMPTION. 

The  number  of  reported  deaths  from  consumption  was  3,179  and 
the  weekly  average  was  61.  The  greatest  number  of  deaths  reported 
from  this  cause  in  a  single  week  was  86,  in  the  week  ending  March 
24;  and  the  least  number  was  4«5,  in  the  week  ending  October  13. 
The  average  weekly  number  of  reported  deaths  from  this  cause  in 
each  month  was  as  follows :  — 


January, 71 

February, 68 

March, 70 

April, 60 

May, 64 

June, 60 


July 61 

August, 67 

September, 68 

October, 66 

November,      .        .        .        .        .64 
December, 68 


The  months  having  the  greatest  number  of  deaths  from  this  cause 
were  March  and  December,  and  those  having  the  least  number  were 
May  and  November.  The  following  table  presents  the  variations 
from  the  weekly  average  number  of  deaths  from  this  cause  for  the 
past  five  years :  — 


IMO. 

1S*1. 

iii«i. 

1898. 

1804. 

1888. 

1881. 

1888. 

1888. 

1884. 

January,    . 

-M2 

-N 

+1B 

+« 

+10 

Jaly, 

—8 

-4 

-3 

-7 

0 

February,  • 

+8 

-4 

-« 

-« 

+T 

Angnat,    . 

-4 

-3 

-4 

—1 

-4 

Utaeh, 

+« 

—6 

—1 

-H 

+» 

September, 

—6 

-s 

-11 

—1 

-« 

April, 

+1 

+4 

+7 

+18 

—1 

October,  . 

—11 

+3 

-6 

-10 

—6 

May,  .        . 

•fl 

+« 

0 

+1 

-7 

November, 

-12 

-4 

-4 

+2 

—7 

June, . 

— S 

—2 

—5 

-» 

-1 

December, 

0 

+5 

-1 

— « 

+2 
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The  ratio  of  reported  deaths  from  coneumption  to  the  mortality 
reported  from  all  causes  was  111.8  per  1,000,  while  that  of  previous 
years  was  as  follows :  — 


1887,  . 

1888,  . 

1889,  . 

1890,  . 


141.1 
134.2 
125.0 
180.0 


1891,  . 

1892,  . 

1893,  . 

1894,  . 


116.5 
lll.S 
106.5 
111.8 


The  ratio  to  the  estimated  living  population  in  1894  was  2.17  per 
1,000,  as  compared  with  2.20  in  1893. 


Acute  Lung  Diseases. 

The  number  of  reported  deaths  from  acute  lung  diseases  (bron- 
chitis, pneumonia,  pleurisy  and  asthma)  during  the  year  was  3,5()3 
and  the  weekly  average  was  68.  The  greatest  number  of  deaths 
reported  from  this  group  of  causes  in  a  single  week  was  183,  in  the 
week  ending  January  13  ;  and  the  least  number  was  20,  in  the  week 
ending  July  14.  The  average  weekly  number  of  reported  deaths 
from  these  causes  for  each  month  was  as  follows :  — 


January,        .        .        , 

.    151 

July,      .        .        .        . 

.     27 

February, 

.    109 

August, .        .        .        . 

•      27 

March,  .        .        .        . 

.     103 

September,    . 

.     81 

April,     .        .        .        , 

.      87 

October, 

.     48 

May, 

.      76 

November,     . 

.      58 

June,     .        .        .        . 

nni                       At         t          • 

.      49 

J    V                                                                       M 

December,     . 

«                              A                                        •            1 

.      69 
1      <  1      i* 

The  months  having  the  greatest  number  of  reported  deaths  from 
these  causes  were  January  and  March,  and  those  having  the  least 
number  were  July  and  August.  The  ratio  of  reported  deatlis  from 
acute  lung  diseases  to  the  reported  mortality  from  all  causes  was 
125.2  per  1,000.  The  estimated  death  rate  per  1,000  of  the  report- 
ing population  from  these  causes  was  2.42,  as  compared  with  3.07 
for  the  previous  year. 

Typhoid  Fevee. 

The  total  number  of  reported  deaths  from  this  cause  in  1894  was 
419  and  the  average  weekly  number  was  8.  The  greatest  number 
reported  in  any  single  week  from  this  cause  was  22,  in  the  week 
ending  September  15;  and  there  were  no  deaths  reported  for  the 
week  ending  March  3.  The  average  weekly  number  of  deatlis 
reported  from  this  cause  for  each  month  was  as  follows :  — 
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January, 6 

Fubniary, 

March, 

April, 

May, 

June, 


7 
4 
6 
6 
2 


July, 4 

August, 7 

September, 16 

October, 16 

November, 16 

December, 9 


The  months  having  the  least  number  of  deaths  from  this  caase 
were  April,  June  and  July,  and  those  having  the  greatest  number 
were  September,  October  and  November.  The  ratio  of  reported 
deaths  from  typhoid  fever  to  the  reported  mortality  from  all  causes 
was  14.7  per  1,000,  and  the  ratio  to  the  reporting  population  was  .28 
per  1,000,  as  compared  with  .29  in  the  previous  year. 


Diphtheria  and  Croup. 

The  total  number  of  reported  deaths  from  diphtheria  and  croup  in 
1894  was  1,397  and  the  average  number  in  each  week  was  27.  The 
greatest  number  reported  in  a  single  week  from  these  combined 
causes  was  75,  in  the  week  ending  December  1 ;  and  the  least  num- 
ber was  9,  in  the  week  ending  July  7.  The  average  weekly  number 
of  reported  deaths  from  these  causes  for  each  month  was  as  fol*- 
lows :  — 


January, 26 

February, 21 

March, 20 

April, 17 

May, 24 

June, 18 


July, 14 

August, .17 

September, 26 

October, 4S 

November, 88 

D&cember,       •       ,        ...        .60 


The  months  having  the  greatest  number  of  reported  deaths  from 
these  causes  were  October,  November  and  December,  and  those 
having  the  least  number  were  April,  July  and  August.  The  ratio 
of  deaths  from  diphtheria  and  croup  to  the  reported  mortality  from 
all  causes  was  49.12  per  1,000,  and  the  death  rate  of  the  reporting 
population  was  .95  per  1,000,  that  of  the  previous  year  being  .69. 
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SoARLET  Fever. 

The  reported  deaths  from  scarlet  fever  in  1894  were  471  and  the 
average  weekly  number  was  9.  The  greatest  number  of  reported 
deaths  from  this  cause  in  a  single  week  was  19,  in  the  week  ending 
April  21 ;  and  the  least  number  reported  in  a  single  week  was  3,  in 
the  week  ending  October  13.  The  average  weekly  number  reported 
in  each  month  was  as  follows :  — 


January,  ..•••.  13 

February, 11 

March,     ......  7 

April, 10 

May, 11 

June,       ......  11 


July, 8 

August, 7 

September, 6 

October, 7 

November, 7 

December, 9 


The  months  having  the  greatest  number  of  deaths  from  this  cause 
were  January  and  February,  and  those  having  the  least  number  were 
August  and  September.  The  ratio  of  deaths  from  this  cause  to  the 
reported  deaths  from  all  causes  was  16.56  per  1,000,  and  the  death 
rate  of  reporting  population  from  this  cause  was  .82  per  1,000,  that 
of  the  previous  year  being  .36. 

Measles. 

The  total  number  of  reported  deaths  from  measles  in  1894  was  40 
and  the  weekly  average  .77.  The  greatest  number  in  a  single  week 
was  4.  There  were  twenty-seven  weeks  in  which  no  deaths  from 
measles  were  reported.  The  average  weekly  number  reported  in 
each  month  was  as  follows  :  — 


January,  •        .        . 
February,        ,        . 
March,     .        .        .        . 

.      1 
.      1 
.      2 

April 

May,        .        .        .        . 
June,       •        .        .        . 

.      1 

.        .      1 

.      1 

July 1 

August, 0 

September,      .....     0 

October, ,0 

November,      .....     1 
December,       .....     1 


The  ratio  of  deaths  to  the  reporting  mortality  from  all  causes  was 
1.41  per  1,000,  and  the  death  rate  from  this  cause  was  .027  per 
1,000  of  the  reported  living  population,  as  compared  with  .06  in 
1893. 
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DiABRHCEAL  DISEASES. 

The  diseases  io  this  groap  are  diarrhoea,  dysentery,  cholera  mor- 
bus and  cholera  infantum.  From  these  causes  combined  the  number 
of  deaths  reported  in  1894  was  2,395  and  the  weekly  average  num- 
ber was  46.  The  greatest  number  reported  in  a  single  week  was 
268,  in  the  week  ending  July  28 ;  and  the  least  number  was  2,  in  the 
week  ending  January  27.     The  average  weekly  number  of  reported 


aeains  irom  inese  ca 

ases  in  eacn  d 

Aonin  was  as  louows : 

— ^ 

Janaary, .        .        •       , 

.     S 

July,     , 

.    192 

Febmary, 

.      6 

August,. 

.    154 

March,     . 

.      8 

September,    • 

.      88 

April,       .        .        .        . 

.      6 

October, 

.      67 

May,        .        .        .        , 

.      6 

November,    . 

.    •    .      18 

June,       .        .        .        . 

.    22 

December,     . 

8 

The  months  having  the  greatest  number  of  reported  deaths  from 
these  causes  in  1894  were  July,  August  and  September,  and  those 
having  the  least  were  February,  April  and  May.  The  deaths  from 
these  causes  in  the  third  quarter  of  the  year  constituted  76  per  cent, 
of  the  number  of  deaths  from  the  same  causes  for  the  entire  year. 
The  ratio  of  repoiled  deaths  to  the  reported  mortality  from  all  causes 
was  84.21  per  1,000,  and  the  death  rate  of  the  reporting  population 
from  these  causes  was  1.62,  as  compared  with  1.71  in  1893. 

Whooping-cough,    Malarial   Fever,    Erysipelas,    Pcjerperal 

Fever  and  Small-pox. 

The  essential  statistics  relating  to  these  five  diseases  are  embraced 
in  the  following  table :  — 


Whooping-cough, 
Erysipelaa,. 
Puerperal  fever, 
Small-pox, .       . 
Malarial  fever,  . 


Total 

Deaths 

Bepwted. 


WMkly 
Avenge. 


RaUo  per  1,000 
of  reported 

Deaths  from 
AU  Caoeee. 


Batloper 

1,000  of 

Estimated 

PopoiaUon. 


2S2 

6.0 

9.92 

65 

1.25 

2.28 

47 

.9 

1.66 

28 

.54 

.98 

22 

.4 

.77 

.190 
.044 
.082 
.019 
.015 
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n. 

FATALITY  {RATIO  OF  DEATHS  TO  OASES)  FROM  CERTAIN 

INFECTIOUS  DISEASES  IN   1894. 

The  figures  in  the  following  table  are  compiled  from  the  published 
reports  of  local  boards  of  health  for  1894,  which  have  been  forwarded 
to  the  ofSce  of  the  State  Board  of  Health.  They  relate  chiefly  to 
the  four  diseases  which  are  usually  reported  by  physicians  to  the 
local  boards  of  health  under  the  provisions  of  chapter  80,  Public 
Statutes,  section  79. 

The  number  of  deaths  from  each  of  the  same  diseases  is  also 
given.  The  chief  value  of  this  record  consists  in  the  ratio  of  fatality 
from  each  of  these  diseases,  which  is  valuable  in  proportion  to  the 
number  of  cases  and  deaths  thus  accumulated.  This  will  prove 
specially  useful  in  the  future,  in  furnishing  data  for  the  comparison 
of  the  fatality  from  diphtheria  in  the  periods  before  and  after  the 
introduction  of  antitoxin  as  a  life-saving  agent. 

The  columns  which  contain  the  numbers  of  deaths  may  be  con- 
sidered as  fairly  accurate,  while  the  figures  representing  the  num- 
bers of  cases  are  probably  a  little  less  than  the  actual  numbers,  in 
consequence  of  the  neglect  or  failure  to  report  in  a  few  instances. 

The  figures  for  1894  are  as  follows :  — 

Reported  cases  of  diphtheria  and  croup,       .......     4,936 

Registered  deaths  from  diphtheria  and  uiroup  in  the  same  cities  and  towns,     1,876 
Fatality  (percent),       .        .        .       " 27.88 

Reported  cases  of  scarlet  fever, 7,416 

Registered  deaths  from  scarlet  fever  in  the  same  cities  and  towns,     .        .       504 
Fatality  (percent), 6.80 

Reported  cases  of  typhoid  fever, 2,814 

Registered  deaths  from  typhoid  fever  in  the  same  cities  and  towns,  .        .       488 
Fatality  (per  cent.), 17.02 

Reported  cases  of  measles,    .        . 2,051 

Registered  deaths  from  measles  in  the  same  cities  and  towns,    ...         37 
Fatality  (per  cent.), 1.80 

The  cities  and  towns  embraced  in  the  foregoing  list  are  76  in  num- 
ber, being  6  more  than  those  presented  in  the  list  of  last  year.  They 
comprise  about  three-fourths  of  the  total  population  of  the  State. 


. 


No.  34.] 


STATISTICAL  SUMMARIES. 


789 


The  namber  of  reported  cases  of  diphtheria  and  croup  in  this  list 
was  much  greater  than  that  of  either  of  the  three  preceding  years, 
while  the  percentage  of  fatality  (27.9)  was  slightly  less  than  that  of 
1892  and  1893. 

The  reported  cases  of  scarlet  fever  were  nearly  the  same  in  num- 
ber as  those  of  1893,  while  the  percentage  of  fatality  (6.8)  was  less. 

The  reported  cases  of  typhoid  fever  were  greater  by  357  than 
those  of  1893,  while  the  percentage  of  fatality  (17.0)  was  consider- 
ably less. 

The  reported  cases  of  measles  were  less  than  one-third  as  many  as 
thoseof  1893, and  the  percentage  of  fatality  (1.8)  was  slightly  greater. 

The  following  table  presents  a  summary  of  these  statistics  for  the 
four  years  1891-94  :  — 

Reported  Cases  of  Infectious  Diseases  in  Massachusetts^ 


DirHTBBRIA  AKD  CkOCP. 

BCABLKT  FKV£S. 

IMl. 

IMS. 

IMS. 

ISM. 

IMl. 

IMS. 

ISOS. 

1SS4. 

Reported  cMes,  .... 

Deaibe, 

Fatality  (per  cent.)*    • 

3,4U 

676 

28.6 

8,083 

891 

2B.2 

2,010 
030 

81.7 

4,086 

1,876 

27.0 

4,617 
161 
8.8 

6,112 
281 
4.6 

7,420 
624 

8.8 

7,416 
504 
6.8 

Mean  of  foer  years,    . 

28.8 

6.1 

Ttphoid  Fkvbk. 

MBA8LB8. 

IMl. 

ISSS. 

IMS. 

1M4. 

ISSl. 

ISSS. 

IMS. 

1SS4. 

Reported  cases,  .... 

Deaths, 

Fatality  (percent.),    . 

2,414 

460 

10.0 

1,802 

486 

28.0 

2,467 

402 

20.0 

2,814 

488 

17.0 

5,861 
84 

1.4 

783 

81 

4.0 

6,200 

08 

1.6 

2,061 

87 

1.8 

Mean  of  foor  years,    . 

10.6 

1.7 

The  following  figures  present  the  fatality  from  diphtheria,  scarlet 
fever  and  typhoid  fever  in  England,  as  reported  by  the  Local  Gov- 
ernment Board  of  England  for  the  years  1890-93  :  — 


ISOO. 


ISSl. 


ISSS. 


ISSS. 


Diphtheria,  . 
Scarlet  fever,  . 
Typhoid  fever. 


25.6 

8.0 

10.0 


28.7 

6.8 

20.8 


28.6 
4.4 

17.8 


24.6 

4.2 

17.0 
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Certain  Diseatet  reported  to  Local  Boards  ofHeaUh  in  1894. 


CiTixa  Avo  Towns. 

l>imTHKUA  AHD 
ClOUP. 

Scaur  Fstxb. 

1 

Tttboid  Fbvbb. 

Cases. 

1 
Deaths. 

Cases. 

Deaths. 

Gases. 

Deaths. 

(TniM, 

Dcsthi. 

Adams, . 

8 

68 

i 

12 

8 

1 

• 

Amesbury,    . 

- 

67 

1 

7 

1 

- 

m 

AUleboroogh, 

le 

0 

10 

2 

19 

8 

2 

- 

Belmont, 

- 

10 

- 

- 

- 

- 

Boston, . 

8,019 

817 

2,280 

192 

916 

141 

918 

8 

Bradford, 

- 

19 

- 

18 

- 

8 

- 

Brldgewater, 

- 

- 

8 

- 

0 

1 

- 

- 

Brockton,     • 

44 

18 

182 

9 

10 

- 

0 

- 

Brookllne,    • 

29 

0 

49 

1 

11 

8 

11 

- 

Cambridge,  . 

170 

01 

001 

101 

120 

28 

- 

m 

Osnton, . 

« 

2 

4 

2 

2 

- 

- 

m 

Concord, 

87 

4 

40 

- 

9 

1 

- 

- 

Dedbam, 

1 

- 

6 

- 

11 

2 

8 

- 

East  Bridgewater, 

- 

- 

26 

• 

- 

- 

- 

- 

BasihamptoB, 

- 

- 

80 

- 

- 

- 

- 

- 

Brerett, 

12 

6 

80 

4 

26 

8 

8 

- 

Fall  RlTcr,     . 

M 

17 

181 

7 

168 

88 

- 

18 

FHchbnrg,     • 

8 

4 

00 

1 

S 

6 

- 

- 

Vramingbam, 

11 

1 

10 

- 

2 

1 

16 

- 

Franklin.      • 

1 

- 

12 

1 

7 

1 

- 

- 

Gardner,       • 

1 

- 

7 

1 

20 

0 

- 

- 

Oloncester,  . 

fiO 

16 

68 

- 

23 

8 

• 

- 

Greenfield,    . 

10 

1 

12 

- 

12 

1 

- 

« 

HaTcrblU,      . 

16 

4 

08 

2 

84 

7 

6 

- 

Hopkinton,  • 

8 

1 

- 

- 

- 

- 

- 

- 

Hudson, 

19 

0 

0 

1 

7 

1 

18 

m 

Hull,      .       .       . 

- 

- 

6 

- 

1 

- 

- 

- 

Hyde  Park,  . 

10 

2 

26 

- 

14 

8 

29 

- 

Ipswich,        • 

22 

7 

18 

- 

9 

8 

8 

- 

Lawrence,     • 

48 

10 

268 

11 

92 

94 

14 

- 

Leominster,  . 

6 

- 

80 

- 

8 

- 

16 

- 

Lee, 

2 

- 

19 

- 

- 

- 

- 

- 

I/>weU, . 

47 

87 

804 

10 

282 

60 

27 

- 

Lynn,    .       •       < 

101 

20 

250 

8 

64 

12 

- 

- 

ICalden, .       • 

88 

14 

180 

0 

88 

11 

88 

- 

ICarblebead, . 

U 

4 

89 

1 

14 

2 

- 

- 
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Oertain  Diaeates  rtporUd  to  Local  Boards  of  Sealth  in  1894  —  Continaed. 


\. 

DiPRTHBUA  AKd' 

Caocr.        j 

SOABLST  FBTBK. 

Trnioro  Fbtbs. 

MBA8LB8. 

CiTIBS  AJID  TOWVS. 

Caaea. 

I>eatlu. 

Caaea. 

Deaths. 

Caaea. 

Deaths. 

Gatea. 

Deaths. 

Marlborough, 

1* 

2 

T 

1 

.     88 

- 

- 

Medford,       .       .       . 

U 

8 

78 

10. 

10 

6 

- 

M«lroM.        .       .       . 

81 

10 

82 

1 

.     » 

88 

- 

Meihnen, 

7 

- 

44 

- 

• 

• 

- 

- 

Mllford, 

7 

- 

28 

1 

- 

- 

- 

MlUbory,       .       .       . 

- 

- 

1 

- 

14 

8 

- 

Kahmot, 

- 

- 

- 

- 

2 

« 

- 

Nantocket,    .       • 

8 

2 

- 

- 

- 

- 

- 

Natlek 

2 

- 

6 

2 

2 

- 

1 

Needbam,      •       • 

1 

- 

8 

- 

- 

■ 

- 

- 

New  BMiford,      . 

88 

18 

181 

10 

187 

18 

186 

- 

Newboryportf 

20 

4 

10 

1 

12 

• 

- 

- 

NewtoD, 

84 

84 

122 

4 

87 

10 

20 

- 

Northamptoii,      •       , 

17 

5 

57 

2 

46 

87 

8 

North  Aodov«r,    . 

8 

- 

8 

- 

2 

- 

- 

North  AtUoboroagh,   . 

8 

- 

8 

- 

6 

1 

- 

Oraoge, . 

1 

1 

1 

- 

18 

1 

- 

Palmer, . 

- 

- 

18 

- 

0 

8 

- 

Pitufleld,      .       .       . 

15 

0 

00 

4 

18 

18 

- 

Proviocotown, 

- 

- 

88 

- 

- 

- 

- 

Qoloey, . 

81 

81 

20 

1 

29 

80 

- 

BoadiDg, 

4 

- 

4 

- 

4 

1 

- 

Rarere, . 

24 

6 

41 

2 

e 

- 

- 

Salem,   . 

29 

0 

248 

0 

70 

- 

- 

Baogna,. 

4 

1 

4 

- 

4 

- 

- 

Bomerrlile,   • 

110 

28 

452 

51 

68 

18 

- 

• 

Btoneham,     • 

0 

2 

14 

8 

8 

- 

- 

Bwampscott,.        • 

2 

- 

4 

- 

- 

- 

- 

TauotOD, 

174 

60 

07 

2 

8 

- 

- 

Waltham,      . 

175 

28 

00 

1 

18 

- 

- 

Warren, 

- 

- 

76 

4 

41 

- 

- 

Wellesley,     . 

10 

4 

12 

- 

- 

1 

- 

Weetfleld,     . 

8 

1 

14 

- 

- 

- 

- 

Weetford,     . 

1 

- 

24 

- 

8 

1 

- 

Weatoo, 

8 

1 

5 

- 

8 

- 

- 

Whitman,     . 

11 

6 

160 

- 

2 

2 

1 
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Certain  Diseases  reported  to  Local  Boards  cf  Health  in  1894  —  Concluded. 


CiTnS  AVD  TOWXfl. 

DIPHTHBKIA  ASD 

Csuur. 

SOASLBT  FBTBB. 

■ 

Typhoid  Fbvbb. 

MbaBIiBW. 

Cases. 

Deaths. 

Cases. 

Deatbs. 

Cases. 

Deaths. 

Cases. 

1 

Deaths 

WiocheDdon, 

8 

1 

17 

4 

8 

- 

- 

- 

WiDchectar, 

7 

8 

U 

8 

10 

2 

88 

- 

Wintbrop 

e 

2 

6 

6 

1 

- 

- 

Worcester, 

1M 

74 

161 

7 

160 

81 

485 

11 

4,036 

1.376 

7,416 

604 

2,814 

488 

2,051        37 

87.88 

6.80 

17.08 

1.80 

Boston,  . 
Brookline,  . 
Cambridge, 

Dedham,     . 

Lowell, 
Lynn,  .       • 
MarlboroDgb, 
Katlck, 
New  Bedford, 
Newburyport, 
QalDcy, 
Randolph,   . 
StoDebam,   • 
Waltbam,    . 
Wellesley,  . 
Worcester,  . 


77  oasea  of  small -pox,  22  fatal. 

1  case  of  smalUpoz. 

4  oases  of  typhas  fever;  all  Immigrants  taken  ill  within  a  few  days  tftar  tr< 
rival;  three  were  sisters  who  came  in  one  steamer;  all  recovered, 

1  case  of  chicken-pox;  also  continued  fever;  1  death. 

7  cases  of  small-pox,  8  fatal. 

1  case  of  small-pox,  fatal. 

1  case  of  small-pox. 

1  case  of  small-pox. 
46  oases  of  whooping-congh. 

1  case  of  typhns  fever. 

1  case  of  small-pox  and  2  oases  chicken-pox. 

1  case  of  small-pox. 

1  case  of  small-pox. 

1  ease  of  small-pox. 

1  case  of  small-pox. 
16  cases  of  small-pox. 
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REPORTS  OF  DISEASES  DANGEROUS  TO  THE  PUBLIC  HEALTH 
FROM  CITIES  AND  TOWNS  UNDER  THE  PROVISIONS  OF 
CHAPTER  302  OF  THE  ACTS  OF  1893. 

The  first  report  under  this  act  was  that  which  was  made  for  the 
fractional  part  of  the  year  1893  beginning  with  May,  and  may  be 
found  in  the  twenty-fifth  annual  report  (pages  639-648).  The 
present  summary  embraces  the  returns  for  the  full  year,  1894. 

Previous  to  1883  no  law  existed  requiring  reports  of  infectious 
diseases  to  be  made  by  local  boards  of  health  to  the  State  Board. 
In  that  year  a  statute  was  enacted  requiring  that  all  cases  of  small- 
pox should  be  notified  to  the  State  Board  of  Health  immediately 
after  such  notice  was  received  by  the  local  board  of  health.  Not 
until  ten  years  later  was  this  provision  extended  to  other  diseases 
dangerous  to  public  health.  By  the  terms  of  chapter  302  of  the 
Acts  of  1893  it  is  now  required  that  notice  of  each  such  case  shall  be 
sent  to  the  State  Board  of  Health  within  twenty-four  hours  after  its 
receipt  by  the  local  board. 

A  circular  was  issued  by  the  State  Board  in  September,  1893, 
giving  public  notice  of  this  act,  and  at  the  same  time  expressing  its 
opinion  as  to  the  diseases  which  should  be  regarded  as  coming  within 
the  provisions  of  the  act;  and  in  order  to  facilitate  the  operation  of 
the  law  blank  postal  cards  were  printed,  containing  a  form  of  notice, 
and  these  were  issued  to  the  local  boards  of  health  of  cities  and 
towns  throughout  the  State. 

The  total  number  of  cases  of  infectious  disease  reported  during 
the  year  was  15,595.  The  number  of  reporting  cities  and  towns 
was  the  same  as  that  of  the  previous  year,  175  ;  but  these  cities  were 
not  identical  with  those  which  reported  in  1893.  Forty-two  munici- 
palities which  reported  in  1893  failed  to  report  in  1894,  and  an  equal 
number  which  had  sent  no  returns  in  1893  forwarded  returns  in 
1894. 
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Eighteen  of  these  towns  in  1893  and  6  in  1894  were  places  from 
which  only  one  case  of  infectious  disease  was  reported  during  the 
year. 

The  diseases  which  were  embraced  in  this  summary,  with  the 
number  of  cases  of  each,  are  as  follows :  — 

Diphtheria  and  croup, i,178 

Scarlet  fever, 6,731 

Tjphoid  fever, 2,372 

Measles, 2,133 

Small-pox, 181 

Total 16,695 


The  following  table  presents  the  names  of  the  reporting  cities  and 
towns,  with  the  number  of  cases  of  each  disease  reported  by  the 
local  boards  of  health.  The  figures  in  this  table  differ  from  those 
in  Section  U.  of  this  summary,  being  generally  less.  Those  of 
Section  II.  may  be  taken  as  the  complete  returns  in  the  cities  and 
towns  named  in  that  table  (page  790),  while  those  in  the  following 
table  represent  the  returns  made  by  local  boards  to  the  State  Board 
of  Health.  Where  the  name  of  a  city  or  town  occurs  in  each  table 
the  difference  in  the  numbers  given  may  be  taken  as  the  deficiency 
in  returns  made  to  the  State  Board  from  the  local  board  of  that 
place. 

Cuses  of  Infectious  Disecues  reported  to  the  Sidle  Board  of  Health  froni  One  Sun* 

dred  and  Seventy-two  Cities  and  Towns  during  1894. 


i 

t 

A 

1 

% 

s 

Ut 

2*- 

• 

€ 

^ 

o 

5 

•a 

s 

1 

-a 

1 

i 

a 
I 

1 


Abington,  • 
Acusbnel,  . 
Adams, 
Agawam,  . 
Amesbary,  . 
Arlington,  . 
Asbburnham, 
Asbland,      • 

• 

Atbol,  .       • 
Attleborougb, 


. 

2 

1 

- 

• 

0 

- 

- 

10 

10 

2 

- 

62 

4 

• 

24 

6 

- 

- 

- 

- 

- 

- 

1 

8 

8 

- 

14 

19 

12 

8 

i 

• 

i 

i 

■a 

1 

Typhoid 

i 
1 

I 


Anbam, 

Ayer,   . 

Barnstable, 

Bedford, 

Belcbertown 

Belmont, 

Berlin, . 

Bbvbrlt, 

Billerica, 

Bolton, 


1 
2 
1 
6 


94 

2 
2 
1 
2 
2 
82 
8 
8 


S 

2 

1 
7 

4 

10 

2 


17 
1 


8 
24 
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Catei  of  Infectious  Diieaset,  etc,  —  Continaed. 


i 
t 

5 

• 

i 
1 

,1 

1 

• 

i 

i 

• 

1 

■ 

1 

1 

• 

1 

1 

i 

BOSTOH, 

2,M6 

1.687 

660 

699 

78 

Franklin,     . 

- 

- 

4 

- 

- 

Bozford, 

- 

8 

- 

- 

- 

Oardner,     . 

- 

1 

- 

- 

- 

Bradford,     . 

1 

6 

8 

- 

- 

Georgetown, 

- 

S 

- 

- 

- 

Bridgewater, 

- 

8 

7 

8 

- 

Glouobstbb,      . 

48 

66 

16 

- 

- 

Brimfleld,    . 

1 

10 

1 

- 

- 

Grafton, 

S 

- 

S 

- 

- 

BXOCKTOX. . 

88 

128 

4 

10 

- 

Granville,    . 

- 

8 

8 

S 

- 

Brookfleld,  . 

1 

11 

- 

9 

- 

Grotoo, 

- 

8 

- 

- 

- 

Brookllne,   . 

IS 

86 

2 

6 

S 

j  Oroveland,  . 

1 

4 

- 

- 

- 

Caxbbums, 

164 

876 

182 

47 

- 

Had  ley. 

2 

2 

- 

- 

- 

GantoD, 

8 

6 

- 

- 

- 

Hampden,   . 

2 

6 

- 

- 

- 

C»rlisl«, 

- 

6 

- 

- 

- 

Hardwlck,   . 

12 

6 

- 

- 

- 

Glarkiborg, 

- 

2 

- 

m 

- 

Harvard, 

- 

8 

- 

- 

- 

CheliMford, 

- 

1 

- 

- 

- 

Harwich,     . 

- 

1 

- 

- 

- 

Cbxlsba,    . 

ISO 

86 

9 

8 

7 

Havbbhill, 

14 

106 

42 

4 

- 

ClMfthire,     . 

- 

1 

- 

- 

- 

Hingbam,    . 

S 

20 

- 

- 

- 

CBicorSB,  . 

- 

- 

- 

- 

29 

Hlnsdele,     , 

- 

- 

6 

6 

- 

Clinton, 

9 

16 

8 

S 

- 

HoUiston,    . 

- 

7 

1 

- 

- 

Concord,      • 

24 

29 

10 

- 

- 

Hopkintoo, . 

s 

2 

- 

- 

- 

Conway,     . 

- 

- 

- 

2 

- 

Hndeon,      • 

8 

8 

- 

- 

- 

Cottage  City, 

- 

- 

2 

- 

- 

Hnll,    . 

2 

6 

1 

3 

Dalton, 

- 

- 

- 

-_ 

1 

Huntington, 

- 

6 

8 

- 

- 

Dunvers,      • 

- 

67 

7 

- 

- 

Ipswicb,      . 

14 

8 

6 

14 

- 

D«dhain,      . 

1 

8 

6 

8 

- 

Kingston,    . 

- 

1 

- 

1 

- 

Dighton, 

10 

7 

- 

M 

- 

Laneaeter,    . 

- 

- 

1 

- 

- 

Dover, . 

2 

8 

- 

- 

- 

Lawbbnob, 

44 

210 

80 

19 

1 

Draout, 

- 

1 

■■ 

- 

- 

Letceeter,     . 

1 

- 

1 

- 

- 

I>iidley, 

1 

12 

- 

- 

- 

Leominater, 

4 

S9 

6 

82 

- 

Daxbury,    . 

1 

9 

- 

1 

- 

1  Leverett, 

- 

1 

- 

- 

- 

East  Bridgewater, 

^ 

27 

1 

- 

- 

Lexington,  . 

4 

6 

1 

- 

- 

Baatbaropton,     . 

- 

6 

- 

- 

- 

1 

,  Lincoln, 

2 

6 

- 

1 

- 

Bdgartown, 

1 

4 

1 

- 

- 

Littleton,     . 

- 

9 

- 

8 

- 

Erring, 

- 

- 

1 

- 

- 

LOWBLL,       . 

t 

60 

196 

846 

24 

4 

Btzbxtt,    . 

12 

68 

10 

4 

- 

Ladlow, 

1 

8 

- 

- 

- 

FAI.L  RiYBB,        . 

26 

109 

110 

2 

- 

Lunenburg, 

2 

4 

• 

- 

- 

FiTCHBUKO, 

8 

62 

16 

16 

- 

Lynk,  . 

88 

176 

48 

2 

1 

Fozborongb, 

8 

12 

1 

1 

- 

Maldbn,     . 

1 

4 

46 

20 

60 

- 
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Cases  of  Infectious  Diseases^  c/c.  —  Con  tin  aed. 

1 

5 

1 

m 

& 
1 

1 

m 

• 

•a 

5 

• 

! 

• 

■s 

• 

• 

I 

1 

mm 

a 

Marblebead, 

1 

86 

6 

■■ 

- 

Rowley, 

1 

2 

5 

- 

- 

Marlbobouoh,  . 

4 

8 

45 

- 

1 

Salem, 

23 

232 

67 

"  i 

- 

Marsbfield,  . 

0 

1 

- 

40 

- 

Sandlafield, . 

11 

- 

3 

- 

MEDrORD, 

16 

64 

26 

4 

- 

8eitaat«, 

1 

2 

1 

17 

- 

Metbuen, 

- 

- 

- 

- 

2 

Sharon, 

2 

1 

1 

- 

V 

Mllford,       . 

4 

16 

6 

- 

- 

Sherbom,    . 

- 

- 

- 

29 

- 

Hillbary.     . 

1 

4 

11 

8 

- 

Shirley, 

2 

2 

- 

- 

- 

Milton, 

26 

S8 

9 

4 

- 

Shrewsbory, 

1 

- 

- 

- 

- 

Montague,   . 

1 

14 

- 

- 

- 

Somerset,    • 

- 

2 

- 

4 

- 

Nantucket, 

1 

- 

- 

- 

- 

SOMERTILLB, 

06 

388 

56 

Katick, 

1 

2 

- 

151 

1 

South  borough,    . 

1 

12 

- 

- 

New  Bedford,  . 

S8 

133 

123 

158 

- 

South  Hadley,     . 

- 

2 

- 

- 

KBirBURTPOBT,  . 

11 

6 

8 

- 

- 

Southampton, 

- 

5 

- 

- 

- 

Newton,     . 

78 

08 

40 

20 

- 

Springfield,    . 

18 

123 

08 

27 

1 

North  Adams,     . 

21 

58 

76 

48 

- 

Sterling, 

- 

4 

- 

- 

- 

Northampton,  . 

16 

66 

48 

77 

- 

Stoneham,   . 

1 

2 

- 

~ 

- 

1 

North  AndoTer, . 

2 

6 

8 

- 

- 

Satton, 

1 

7 

8 

1 

- 

No.  Attleboro',  . 

- 

- 

8 

2 

- 

Swampseott, 

- 

1 

1 

- 

- 

No.  Brookaeld,  . 

- 

7 

- 

- 

- 

Taunton,    . 

156 

55 

5 

- 

- 

Norton, 

1 

- 

- 

- 

- 

Upton, . 

- 

- 

- 

21 

Oakham, 

- 

- 

- 

2 

- 

Wakefield,  . 

4 

4 

1 

- 

- 

Orange, 

- 

1 

9 

1 

- 

Walpole,      . 

- 

2 

- 

1 

- 

Oxford, 

- 

6 

1 

- 

- 

Waltham,  . 

104 

89 

12 

- 

1 

Palmer, 

- 

12 

7 

4 

p 

Ware,  ■       •       • 

1 

8 

- 

- 

- 

Peabody, 

29 

18 

8 

1 

- 

Warebam,   . 

11 

15 

- 

- 

- 

Pepperell,    , 

4 

16 

- 

- 

Warren, 

IS 

42 

21 

5 

- 

FiTTSFIELD, 

6 

43 

11 

10 

- 

WatertowD, 

14 

28 

0 

12 

- 

Plymouth,   , 

14 

8 

7 

1 

- 

Webster,     . 

11 

37 

14 

3 

- 

Prescott, 

- 

- 

- 

4 

- 

West  Boylston,  . 

4 

1 

S 

2 

- 

Princeton,    . 

- 

- 

- 

1 

- 

Westfield,   . 

1 

9 

- 

- 

m 

QUINCY, 

77 

24 

29 

22 

1 

Westford,    . 

1 

1 

22 

6 

1 

- 

Randolph,   . 

2 

15 

- 

- 

1 

Westhampton,    . 

- 

- 

- 

21 

- 

Kaynham,    . 

2 

6 

- 

- 

- 

Westminster, 

3 

9 

- 

- 

- 

Reading, 

4 

2 

- 

- 

- 

Weston, 

3 

8 

2 

- 

- 

Rockland,    . 

7 

28 

8 

3 

- 

Weymonth, 

13 

42 

13 

- 

- 

Rookport,    . 

0 

11 

1 

2 

- 

Whitman,    . 

18 

111 

3 

"  1 

1 

- 
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Cases  of  Infectious  Diseases,  etc.  —  Concluded. 


• 

• 

i 

% 

fc 

d 

h 

•a^ 

^ 

fl 

^ 

Q 

j^ 

■a 

1 

J3 

S 

I 


WiUlamfltownp 
WiocbendoD, 
Wlneheater, 
WlDdior,     • 
Winthrop,  . 
WofthiDgton, 
WrentluuD, . 


26 

20 

18 

- 

6 

11 

- 

- 

8 

S8 

« 

8 

- 

- 

- 

1 

6 

- 

1 

- 

- 

4 

1 

1 

4 

1 

- 

- 

ja 


I 


ii 

I 


WOBUBK,     . 
WOBOSSTVB, 

TarmoQUi,  • 

Other  oaaea  of 
•mall.poz,* 

TotaU,  . 


21 

170 

1 


182 

127 

21 


4,178   0,781 


16 
116 


2.872 


8 
888 


2,133 


17 


86 


181 


Total 16,696 

Total  number  of  reporting  towna, 174 

*  Theee  were  ca^ea  of  amall-poz  reported  under  the  atatnte  of  1883  by  cttiea  and  tovna  which 
made  no  reporta  of  other  diaeaaea  under  the  law  of  1883. 

The  followiDg  list  comprises  the  cities  and  towns  from  which  no 
returns  were  received.  The  probable  cause  of  failure  to  report  on 
the  part  of  these  municipalities  is  discussed  in  the  last  report,  pages 
647,  648.  It  is  no  more  than  just  to  repeat  that  in  many  of  the 
towns  of  group  IV.,  and  in  some  of  those  in  group  III.,  it  is  quite 
probable  that  no  cases  of  infectious  disease  occurred  during  the 
year. 

List  op  Towns  fbom  which  no  Eefobts  webe  begeiyed. 

J.    CUies. 

HOLYOKB. 


IL 

Amherst, 

ADdover, 

Black  stone, 

Braintree, 

Framingham, 

Greenfield, 


Towns  having  Populationa  of  More  than  6,000  in  Each. 


Hyde  Park, 

Melrose, 

Middleborough, 

Northbridge, 

Plymouth, 

Revere, 


Southbridge, 
Spencer, 
Stoughton, 
Westborough, 
West  Springfield. 


—  17. 


798 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


IIL    Toums  having  a  Population  of  Over  1,000,  but  less  than  5,000,  in  Each, 

Acton, 

Hubbardston, 

Royalston, 

Ashfield, 

Lanesborongh, 

Salisbury, 

Barre, 

Lee, 

Sandwich, 

Bellingbam, 

Lenox, 

Saugus, 

Bourne, 

Longmeadow, 

Seekonk, 

Brewster, 

Manchester, 

SheflSeld, 

Buekland, 

Mansfield, 

Shelburne, 

Cancer, 

Mattapoisett, 

South  Abington, 

Charlton, 

Majnard, 

South  Scituate, 

Chatham, 

Medfield, 

Stockbridge, 

Chester, 

Med  way, 

Sturbridge, 

Cohasset, 

Merrimac, 

Sudbury, 

Dartmouth, 

Middlefield, 

Swansea, 

Doerfield, 

Millis, 

Templeton, 

Dennis, 

Monson, 

Tewksbury, 

Douglas, 

Monterey, 

Tisbury, 

Enfield, 

Needham, 

Townsend, 

Essex, 

Newbury, 

Uxbridge, 

Fairhaven, 

New  Marlborough, 

Way  land. 

Falmouth, 

North  borough, 

Wellesley, 

Freetown, 

Northfield, 

Wellfleet. 

Gill, 

Norwood, 

West  Bridgewater, 

Great  Barrington, 

Orleans, 

West  Brookfield, 

Hamilton, 

Pembroke, 

West  Newbury, 

Hanover, 

Petersham, 

Westport, 

Hanson, 

Provincetown, 

Wilbraham, 

Hatfield, 

Rehoboth, 

Williamsburg, 

Hoi  brook. 

Rochester, 

Wilmington.  —  85. 

Holdcn, 

1  y.    Towns  i 

having  less  than  1,000  Inha 

bitanis  in  Each, 

Alford, 

Burlington, 

Dunstable, 

Ashby, 

Carver, 

Eastham, 

Beeket, 

Charlemont, 

Egremont, 

Berkley, 

Chesterfield, 

Enfield, 

Bernardston, 

Chilmark, 

Florida, 

Blandford, 

Clarksburg, 

Gay  Head, 

Boxborougb, 

Cummington, 

Gill, 

Bojlston, 

Dana, 

Granby, 
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IV,    Towns  having  less  than  IfiOO  InhabUanU  —  Concluded. 


Greenwich, 

Goshen, 

Gosnold, 

Halifax, 

Hamilton, 

Hancock, 

Hawley, 

Heath, 

Holland, 

I^keTille, 

Leyden, 

Ljnnfield, 

Marion, 

Mash  pee, 

Mendon, 

Middlefield, 

Middleton, 

Millis. 


Monterey, 

Montgomery, 

Monroe, 

Mount  Washington, 

Nahant, 

New  Ashford, 

New  Braintree, 

New  Salem, 

Norfolk, 

North  Reading, 

Otis, 

Pax  ton, 

Pelham, 

Peru, 

Phillipston, 

Plainfield, 

Plympton, 


Richmond, 

Rowe, 

Russell, 

Rutland, 

Savoy, 

Southwick, 

Stow, 

Sunderland, 

Tolland,, 

l*ruro, 

Tyngsborough, 

Tyringham, 

Wales, 

Warwick, 

Washington, 

Wendell, 

Whately.  — 76. 
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IV. 

The  following  sutnmary  comprises  the  returns  from  those  cities 
and  towns  which  are  included  in  the  provisions  of  chapter  218  of 
the  Acts  of  1894.  This  law  required  the  local  board  of  health  of 
each  city  and  town  having  a  population  of  more  than  5,000  inhab- 
itants to  *'  send  an  annual  report  of  the  deaths  in  such  town  to 
the  State  Board  of  Health.  The  form  of  such  reports  shall  be  pre- 
scribed by  the  State  Board  of  Health.'* 

In  compliance  with  the  provisions  of  this  act  the  State  Board  of 
Health  prepared  a  blank  form  and  issued  two  copies  to  each  of  the 
boards  of  health  in  cities  and  towns  having  more  than  5,000  inhabi- 
tants.   The  items  provided  for  in  this  blank  form  were  the  following :  — 

Total  namber  of  deaths  during  the  year,  exclusive  of  still-births. 
Total  number  of  still-births. 

Deaths  of  males. 

Deaths  of  females. 

Deaths  in  which  the  sex  was  unknown. 

Deaths  at  each  of  fifteen  age  periods. 
Deaths,  ages  unknown. 

Deaths  in  each  month  of  the  year. 
Deaths,  date  unknown. 

Deaths  from  each  of  twenty-four  specified  causes. 
Deaths  from  unknown  causes. 
Deaths  from  all  other  causes. 

Table  I.  of  this  summary  presents  the  names  of  the  reporting 
cities  and  towns,  with  the  number  of  the  population  in  each.*  The 
names  of  cities  are  printed  in  small  capitals. 

*  The  population  here  employed  is  an  estimated  population  for  the  jear  1894,  based  opon 
the  increase  from  1890  (the  date  of  the  United  States  census)  to  1895  (the  date  of  the  State 
censas).  At  the  date  of  printing  this  report  the  first  count  of  the  State  census  only  had  been 
published.  The  second  count  or  roTision  usually  increases  the  first  figures  slightly,  but  not 
sufficiently  to  change  any  death  rates  which  may  be  computed  from  the  figures  in  this  tabie. 
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Table  II.  presents  the  total  number  of  deaths  in  each  city  and 
town,  with  the  number  of  deaths  of  each  sex  and  at  each  age  period. 
The  number  of  still-births  is  also  presented  in  this  table. 

Table  III.  presents  the  mortality  of  each  city  and  town  by  months. 

Table  IV.  presents  the  mortality  by  causes  of  death  under  twenty- 
four  titles,  including  the  deaths  from  unknown  or  ill-defined  causes 
and  those  from  all  other  causes  not  specified  under  the  other  titles. 
The  causes  selected  are  chiefly  those  which  are  of  sanitary  significance. 

Table  I. 


Adams,  .       . 
Amesbary,     • 
Andover, 
ArllDgtoD,     . 
Aihol,     . 
AUleboroagh, 
BiackstoDe,    . 
Boston, 
Brocktok,    . 
Brookline, 
Caxbbiixsk,  . 

CH8L8BA, 

Chicopbb,     . 

CllOtOD,   . 

Danvera,        • 

Dedham, 

Eybbbtt, 

Fall  Rivbb, 

Fitchbubo,  . 

Framtngham, 

Oardner, 

Gloucbstbb, 

Grafton, 

Greenfield,     • 

Haybbhill,  . 

HOLTOKB,       . 

Hyde  Park,  . 
Lawbehcb,  . 
Leominster,   • 

LOWBLL,  . 

Ltnn,  •  • 
Maldbn,  . 
Marblehead,  . 

MABLBOBOrGH, 

Mbopobd,  • 
Melrose, .       . 


Estimated 
Population, 

Ir 


8,U2 

9,947 

6,140 

4,864 

7,152 

8,145 

6,063 

484,701 

81,891 

16,848 

79,079 

80,586 

15,052 

11,286 

8,086 

7,199 

17,076 

85,109 

25,458 

9,446 

9,031 

27,032 

5,082 

6,034 

29,609 

89,208 

11,501 

60,326 

8,825 

82,982 

60,909 

28,232 

7,772 

14,746 

13,800 

11,277 


Mlddleborongh,    .... 

MUford 

Montagne 

Natick, 

Nbv  Bbdtobd,  .... 
Nbwbdbtpobt,    .... 

Nbwtob, 

Korih  Adams,       .... 

NOBTHAXFTOir 

(Northampton  Lnnatio  Hospital), 
North  AttleboroQgh,    •       • 

Palmer 

PlTTSriBLD,  ..... 

Plymouth, 

QUIBCT 

Revere,  ...... 

Rockland 

Salbx, 

somebtille,        .... 
SoDthbrldgc, 

SPBINOriBLD 

Btonebam, 

Taukton,      

Waxbtibld,        .... 
Walthax,     ..... 

Ware 

Watertown,  ..... 

Webster, 

Westborongh,       .... 

Westfield 

West  Springfield, .... 
Weymouth,   .       •       .       •       . 

WOBUBN, 

WOBCBBTBB 


Total. 


Estimated 
Population, 

ir  ■ 


6,567 

8,928 

6^102 

8,951 

51,985 

14,433 

26,940 

18,516 

16,388 

6,606 
6,7V9 

19.770 
7,829 

10,844 
7,083 
5,461 

83,670 

49,626 
8,126 

49,824 
6,258 

26,756 
8,044 

20,423 
6,268 
7,646 
7,637 
5,224 

10,478 
5,018 

11,201 

14,041 

95,700 


1,876,941 


Beverly,  no  retam;  Peabody,  no  return. 
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HEALTH  OF  TOWNS. 


The  following  digest  comprises  sach  abstraots  as  have  been  made 
from  reports  of  local  boards  of  health  which  have  been  forwarded  to 
the  office  of  the  State  Board  for  the  year  1894. 

The  table  of  reported  infectious  diseases,  which  it  has  been  cas- 
tomary,  daring  the  past  three  years,  to  print  in  connection  with 
these  abstracts,  has  been  transferred  to  a  previoas  page,  where  it  is 
presented  as  Section  11.  of  the  statistical  summaries. 

The  principal  topics  which  appear  to  be  prominent  in  the  follow- 
ing abstracts  are  the  need  of  hospitals  for  contagious  diseases  in 
cities  and  populous  towns,  the  introduction  of  registration  of  plumb- 
ers and  the  regulation  of  plumbing  by  local  boards  of  health,  and 
the  need  of  public  systems  of  sewerage  and  sewage  disposal  in  places 
already  provided  with  public  water  supplies. 

Health  of  Towns. 

Adams. 

Number  of  nuisances  inspected, 24 

Number  of  nuisances  abated,       •.....••    22 

Amesburt. 

There  were  56  complaints  of  nuisances  filed  during  the  year,  as  against 
81  the  previous  year.  Most  of  these  were  caused  by  want  of  a  proper  sys- 
tem of  sewerage  for  the  town.  The  property  owners  have  shown  io  most 
cases  a  prompt  and  cheerful  willingness  to  comply  with  all  the  require- 
ments of  the  board,  to  have  all  nuisances  promptly  abated. 

We  would  recommend  that  the  provisions  of  the  statutes  relating  to 
vaccination  should  be  regularly  enforced.  They  are  now  almost  wholly 
neglected,  which  may  result  in  future  disaster. 

Scarlet  fever  has  again  prevailed  in  various  sections  of  the  town,  fur- 
nishing 57  cases,  as  against  89  in  1898.  The  type  of  the  disease  has  been 
unusually  mild,  causing  but  1  death,  or  less  than  2  per  cent.,  while  last 
year  it  was  16  per  cent.  £very  effort  has  been  made  by  this  board  to  pre- 
vent the  spread  of  this  disease.    £ach  house  has  been  immediately  posted 
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where  a  case  was  reported  to  exist,  and  great  care  taken  to  have  the  apart- 
ments thoroughly  disinfected. 

We  would  again  (for  the  eighth  year)  urge  apon  the  voters  that  the  town 
should  build  and  equip  a  complete  system  of  sewerage  the  present  year.  It 
must  be  done  sooner  or  later. 

Arlinotok. 

The  regulations  adopted  by  the  town,  in  consequence  of  the  statute  re- 
lating to  the  business  of  plumbing  throughout  the  State,  have  been  impar- 
tially enforced  in  the  interests  of  the  citizens  of  our  town  who  employ 
plumbers,  as  well  as  for  the  protection  of  those  in  the  town  who  are  engaged 
in  the  plumbing  business.  The  importance  and  value  of  the  inspections 
will  become  more  apparent  each  year.  A  complete  record  is  kept  by  the 
inspector  of  each  building  examined,  and  the  information  contained  in 
those  records  will  prove  of  much  value  to  those  who  may  wish  to  purchase 
buildings  in  the  town,  as  they  can  ascertain  just  what  quality  of  work  has 
been  put  into  them. 

Attlebobough. 

There  have  been  107  fewer  cases  of  infectious  diseases  during  the  year 
than  in  1898.  This,  no  doubt,  has  been  owing  to  a  more  rigid  quarantine 
of  persons  suffering  from  such,  and  the  exclusion  from  school,  for  a  longer 
period  than  has  heretofore  been  required,  of  children  living  in  houses 
where  such  diseases  have  existed.  In  view  of  the  prevalence  of  diphtheria 
in  many  towns  of  the  Commonwealth,  and  of  the  fact  that  it  is  very  difficult 
to  detect  the  disease  in  its  mild  form,  the  board  desires  to  emphasize  the 
importance  of  absenting  all  children  from  school  who  are  suffering  with 
sore  throats,'  however  mild,  and  of  notifying  the  family  physician  at  onoe. 
Teacher  of  our  schools  will  do  well,  and  do  much  to  lessen  the  spread  of 
this  most  fatal  disease,  if  they  will  prohibit  from  attending  school  any 
child  suffering  from  sore  throat.  Any  child  having  a  rash  upon  its  body 
should  be  sent  home  at  once,  and  not  allowed  to  attend  school  again  with- 
out a  certificate  from  a  physician  stating  that  it  is  not  of  a  contagious 
nature. 

The  great  difference  in  the  number  of  infectious  diseases  between  this 
and  last  year  is  due  to  the  prevalence  of  measles  during  the  year  of  1893. 
Since  the  exclusion  from  school,  for  a  period  of  two  weeks  dating  from  the 
extermination  of  the  last  case  in  such  houses,  of  children  living  in  booses 
where  this  disease  has  been,  it  has  gradually  died  out,  only  2  cases  having 
been  reported  during  the  past  year. 

There  have  been  but  10  cases  of  scarlet  fever  during  the  year,  3  of  them 
occurring  in  a  family  where  the  parties  were  visiting,  who  had  left  their 
homes  to  escape  the  disease,  it  being  very  prevalent  in  their  town.  Last 
yeaf  30  cases  were  reported. 
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There  have  been  14  deaths  from  taberculoeia  daring  the  year,  the  nam- 
ber  of  cases  not  being  reported. 

Nineteen  cases  of  typhoid  fever  have  been  reported,  being  7  more  than 
in  1898. 

Belmont. 

Three  houses  have  been  fumigated  by  the  board,  the  remainder  by  the 
occupants  themselves,  in  a  manner  satisfactory  to  us. 

In  midsummer  the  board  inspected  the  majority  of  the  places  in  which 
swine  are  kept,  and  found  them  in  good  condition.  Four  complaints  have 
been  received  in  writing,  and  the  nuisances  were  inspected  and  abated. 


Boston. 

The  total  number  of  deaths  for  the  year  was  11,520,  a  decrease  from  the 
previous  year  of  190  deaths.  The  population,  as  estimated  in  the  middle 
of  the  year,  is  501,107,  which  is  based  on  the  geometrical  rate  of  increase 
between  the  last  two  census  years,  1885-90.  The  death  rate  for  the  year, 
as  calculated  on  this  population,  is  22.98  per  1,000  inhabitants.  This  rate 
is  less  by  1.04  than  that  of  the  previous  year,  and  the  lowest  since  1890. 

The  excessive  prevalence  of  pneumonia,  which  caused  the  largest  num- 
ber of  deaths  in  1893,  has  subsided,  and  consumption  resumes  its  former 
place  as  the  principal  factor  in  the  city's  mortality.  The  deaths  from  this 
latter  cause  numbered  1,425,  which  is  12.86  per  cent,  of  the  total  mortality. 
The  deaths  from  pneumonia  numbered  1,119,  or  9.71  per  cent,  of  the  totid. 

Diphtheria  became  epidemic  during  the  year,  causing  817  deaths,  and  its 
increase  was  noticeable  in  every  month  of  the  year  over  those  of  1893.  It 
assumed  an  epidemic  form  in  the  last  week  of  September,  reached  its 
climax  about  the  first  week  in  December  and  gradually  fell  off  at  the  end 
of  the  year.  It  is  noteworthy  that  during  the  past  four  years  in  this  city 
this  disease  has  shown  an  increasing  tendency,  the  rate  per  1,000  inhabi- 
tants being  .505  in  1891,  .881  in  1892,  .976  in  1893  and  1.630  in  1894. 

Of  the  other  contagious  diseases  reported  during  the  year,  the  deaths 
from  scarlet  fever,  typhoid  fever  and  measles  were  respectively  less  than 
the  year  previous. 

The  increase  in  diphtheria  and  cholera  infantum  raised  the  number  of 
deaths  due  to  zymotic  causes  to  2,357,  an  increase  of  815  deaths  of  this 
class  over  the  previous  year,  or  a  percentage  of  20.46  to  the  total  mortality. 

The  deaths  of  children  under  five  years  of  age  were  also  increased  to 
4,108,  or  35.66  per  cent,  of  the  whole  number  of  deaths.  This  is  the 
highest  per  cent,  since  1887,  and  the  highest  number  of  deaths  for  any  one 
year  on  record.  The  increase  of  deaths  of  children  was  due  to  diphtheria, 
cholera  infantum  and  an  unusually  large  number  of  enteric  diseases,  the 
result  of  malnutrition. 
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There  were  77  cases  of  small-pox,  with  22  deaths,  all  of  which  occurred 
in  the  first  five  months  of  1895. 

Many  very  fall  tables,  illustrated  with  diagrams,  accompany  the  report, 
presenting  the  mortality  of  the  city  by  ages,  causes  of  deaths,  sexes  and 
seasons  for  a  series  of  years.  Comparative  tables  are  also  given,  present- 
ing the  same  statistics  for  several  large  American  and  foreign  cities. 

The  prevalence  of  the  disease  in  epidemic  form  made  it  possible  for  the 
board  of  health  to  introduce  three  new  forces  for  the  suppression  of  the 
disease.  One  is  the  new  remedy,  <*  antitozine,"  which  has  been  used  to  a 
limited  extent,  with  excellent  results  in  reducing  the  percentage  of  deaths 
to  the  number  of  cases.  It  is  also  claimed  for  antitoxine  that  it  possesses 
the  power  of  preventing  an  attack  of  diphtheria  for  a  brief  length  of  time, 
when  used  during  or  immediately  after  exposure  to  the  disease.  To  what 
extent  this  probable  quality  of  the  agent  may  in  the  future  be  made  avail- 
able remains  to  be  seen,  but  thus  far  it  cannot  be  said  to  have  been  an 
active  agent  in  diminishing  the  number  of  cases.  Another  agent  has  been 
found  in  the  use  of  the  bacteriological  laboratory,  by  which  a  large  number 
of  mild  cases  of  this  disease  are  found  to  exist.  This  has  given  rise  to 
early  treatment  and  isolation,  where  the  ordinary  means  of  diagnosis  have 
heretofore  left  such  cases  to  go  as  ordinary  sore  throat.  The  laboratory 
test  is  proving  of  great  service  also  in  determining  the  time  when  it  is  safe 
to  discharge  the  diphtheritic  patient  from  isolation.  The  third  and  prob- 
ably most  potent  agency  in  controlling  the  spread  of  this  disease  and  that 
of  scarlet  fever  is  the  new  force  of  fifty  physicians  for  the  daily  inspection 
of  the  schools,  in  which  there  are  more  than  seventy  thousand  of  the  most 
susceptible  subjects  to  these  two  diseases.  This  has  set  in  practice  the 
most  active,  constant  and  skilful  watchfulness  for  the  earliest  symptoms 
of  these  and  other  diseases  among  school  children.  The  same  agency  has 
been  used  in  watching  and  securing  such  isolation  as  might  be  possible  of 
all  cases  of  diphtheria  and  scarlet  fever  within  the  city,  and  certifying  the 
time  of  their  full  recovery.  By  the  latter  means  the  earliest  appearances 
of  the  disease,  its  development,  isolation  and  disappearance  are  brought 
directly  under  the  agency  of  the  board  of  health. 

On  the  advent  of  the  recent  epidemic  of  diphtheria,  the  board  of  health, 
finding  itself  in  possession  of  sufBcient  funds  to  carry  on  the  work,  made  an 
arrangement  with  Professor  Ernst  for  this  work  to  be  done  at  the  Harvard 
medical  laboratory.  Dr.  McCoUom,  the  physician  to  the  board,  having 
qualified  himself  in  bacteriological  work,  was  relieved  from  other  duties 
and  assigned  to  this.  His  work  in  the  laboratory  has  been  of  great  valoe 
in  connection  with  the  other  new  means  now  in  use  for  the  suppression  of 
diphtheria. 

All  physicians  were  invited  to  take  cultures  from  throats  where  diph- 
theria was  suspected,  and  for  their  convenience  culture  tubes  in  cases  were 
provided  and  stations  were  established  at  drug  stores,  where  physicians 
could  obtain  tubes  for  cultures. 
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Dr.  Ernst  contributes  a  report  of  the  work  which  the  board  had  entrusted 
to  him,  of  preparing  a  supply  of  antitozine,  to  be  distributed  under  the 
direction  of  the  board.  This  work  is  conducted  at  Gallop's  Island  in 
Boston  Harbor,  and  was  entered  upon  in  January,  1895. 

Registration  of  Plumbexs. 

For  the  year  ending  Jan.  81,  1895,  the  examining  board  held  21  meet- 
ings and  examined  213  candidates  for  plumbers'  licenses ;  72  were  exam- 
ined for  master  plumbers'  licenses,  and  36,  or  50  per  cent.,  passed  the 
examination  and  were  licensed ;  141  were  examined  for  Journeymen  plumb- 
ers' licenses,  and  129,  or  91  per  cent.,  passed  and  were  given  licenses. 

Medical  Inspection  of  Schools. 

The  need  of  medical  inspection  of  schools,  for  the  purpose  of  detecting 
contagions  and  other  diseases  among  the  school  children,  was  brought  to 
the  attention  of  the  mayor  and  city  council  in  1892  ;  and  for  this  purpose 
an  appropriation  was  then  secured.  A  delay  of  several  months  was  occa- 
sioned in  securing  the  approval  of  the  school  committee,  so  that  the  plan 
did  not  finally  go  into  operation  till  November,  1894,  when  the  board  of 
health  selected  fifty  physicians  for  this  purpose,  divided  the  city  into  fifty 
school  districts,  and  began  school  inspection.  These  physicians  are  ap- 
pointed medical  inspectors  of  schools  and  agents  of  the  board  of  health, 
and  are  authorized  to  visit  each  schoof  daily,  during  the  early  part  of  the 
morning  session,  and  to  examine  all  pupils  who  complain,  or  appear  to  the 
teachers  to  be  ill.  If  an  inspector  finds  a  pupil  showing  symptoms  of  any 
contagious  disease,  or  is  otherwise  too  ill  to  remain  in  school,  he  will 
advise  the  teacher  to  send  the  pnpil  home  for  the  temporary  observation  of 
its  parents  or  family  physician.  He  will  also  give  such  professional  advice 
as  may  be  required  by  the  teachers  to  aid  them  in  carrying  out  all  laws 
and  regulations  pertaining  to  contagious  diseases,  vaccination  and  general 
school  hygiene,  whose  enforcement  belongs  to  the  school  committee  or 
board  of  health.  In  the  examination  of  throats,  the  medical  inspectors  will 
use  only  the  wooden  tongue  depressors  which  are  furnished  by  the  board 
of  health,  each  of  which  is  to  be  burned  after  a  single  use. 

The  medical  inspectors  of  schools  are  also  authorized  agents  of  the  board 
of  health;  and  will,  on  notification  from  said  board,  visit  all  cases  of 
scarlet  fever  and  diphtheria  at  the  homes  of  the  patients,  for  the  sole  pur- 
pose of  examining  the  places  and  plans  of  their  isolation ;  and,  as  such 
agents,  they  will  report  to  the  board  of  health  their  approval  or  disapproval 
of  such  places  and  plans  of  isolation.  Such  medical  agent  will  not  prescribe 
advice  or  criticise  anything  beyond  that  which  pertains  strictly  to  the 
isolation  of  the  patient,  and  will  carefully  avoid  any  word  or  act  which 
may  be  construed  as  an  infringement  upon  the  rights  of  the  family  or  at- 
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tending  physician.  He  will  visit  the  patient  as  often  as  may  be  necessary 
to  inform  himself  as  to  the  continued  isolation  of  the  case.  No  case  of 
scarlet  fever  or  diphtheria  will  be  discharged  from  isolation  until  its  com- 
plete recovery  is  certified  to  the  board  of  health  by  one  of  its  medical 
agents ;  and  snch  certificates  of  recovery  will  be  based  on  the  complete  dis- 
appearance of  desquamatipn  in  cases  of  scarlet  fever,  and  on  the  absence 
of  the  Klebs-Loeffler  bacillus  in  cases  of  diphtheria, — the  latter  to  be 
shown  by  bacteriological  examination  made  satisfactory  to  the  board  of 
health. 

The  reports  of  the  medical  inspectors  of  schools,  for  the  months  of 
November  and  December,  show  that  4,962  pupils  were  presented  to  them 
for  examination ;  564  were  found  to  be  too  ill  to  remain  in  school  for  the 
time  being,  212  were  suffering  from  contagious  diseases,  43  were  suffering 
from  diphtheria  and  131  were  too  ill  from  troubles  in  the  eyes  and  ears  to 
be  in  school.  Diseases  in  the  throat  were  most  prevalent,  and  were  found 
in  1,749  pupils.  Diseases  of  the  eye,  ear,  and  spine  are  found  sufficiently 
often  among  the  school  children  to  warrant  a  more  careful  examination  to 
find  those  who  may  be  suffering  from  mild  forms  or  early  stages  of  these 
diseases.  It  often  happens  that  school  children  suffer  serious  and  un- 
recognized disadvantages  by  reason  of  defective  eyesight,  deficient  hearing 
or  a  commencing  deformity  of  the  spine.  The  mild  forms  and  early  stages 
of  these  ills  would  not  generally  be  seen  and  appreciated  by  the  teachers, 
and  it  would  be  unreasonable  to  expect  them  to  detect  illnesses  which 
require  special  skill  on  the  part  of  the  physician  to  recognize. 

Tenement'  Houses, 

Every  tenement-house  in  the  city  has  been  inspected  at  least  twice  during 
the  year,  and  many  of  the  poorer  class  have  been  examined  every  month 
or  oftener;  and,  as  is  usual  with  the  poorer  class  of  buildings,  a  large 
number  of  notices  have  been  issued  from  the  department,  ordering  the 
abatement  of  nuisances  existing  therein,  necessitating  frequent  subsequent 
visits  to  ensure  a  compliance  with  the  notices. 

Overcrowding  in  tenement-houses  is  not  so  prevalent  as  it  has  been  in 
former  years.  Although  still  prevailing  in  some  sections  of  the  city,  this 
state  of  things  can  only  be  determined  for  a  certainty  by  visits  after  mid- 
night, which  are  required  by  inspectors  in  the  tenement-house  districts 
during  the  winter  months. 

WetLafids. 

Under  the  operation  of  chapter  342  of  the  Acts  of  1898  it  has  been 
found  possible  to  compel  the  filling  of  wet  lands,  where  heretofore  it  has 
been  difficult  because  of  a  lack  of  sufficient  authority  to  deal  with  the 
owners  of  such  lands.    By  authority  of  this  act  upwards  of  fifty  different 
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individualB  and  corporations  have  been  served  with  legal  notices  by  differ- 
ent sheriffs  and  constables  thioughoat  the  Commonwealth.  These  notices 
set  forth  that  the  board  of  health  had  adjudged  that  the  public  health 
required  that  certain  lands  owned  by  the  parties  so  notified  be  filled  to  the 
grade  of  eleven  feet  above  mean  low  water,  in  such  a  manner  as  not  to  create 
a  nuisance,  and  with  good  clean  gravel  or  other  suitable  material. 

Paving  Private  Passageways. 

The  Legislatore  of  1894  enacted  a  law  to  the  effect  that  when  the  board 
of  health  shall  adjudge  that  the  public  health  requires  and  shall  order  that 
any  private  passageway  shall  be  paved  or  provided  with  a  suitable  road-bed, 
the  owners  shall  forthwith  lay  such  road-bed  in  a  manner  satisfactory  to 
said  board.  By  authority  of  the  said  law  fourteen  private  passageways 
were  during  the  year  provided  with  a  stone  or  macadam  pavement,  by 
direction  of  the  department. 

VauUs^  Nuisances^  etc. 

The  number  of  vaults  discontinued  in  1894  was  171,  making  7,665  in  all 
since  the  enactment  of  the  law  authorizing  such  action. 

The  number  of  nuisances  abated  during  the  year  was  6,840,  and  793 
complaints  were  investigated  which  did  not  require  action. 

Disinfection. 

The  total  number  of  rooms  disinfected  by  the  disinfecting  corps  was 
9,813,  nearly  all  of  which  (97  per  cent.)  were  in  cases  of  diphtheria  and 
scarlet  fever.  There  were  also  70,057  disinfections  conducted  in  yards, 
cellars,  vaults,  cesspools,  water-closets,  gutters,  etc.,  the  materials  used 
being  1,625  pounds  of  bichloride  of  mercury,  38,920  pounds  of  chloride  of 
lime,  48,978  pounds  of  sulphur  and  other  substances. 

Oa/rbage  Disposal. 

The  board  furnished  a  dumping  boat  or  scow  in  1884,  which  was  turned 
over  to  the  street  cleaning  department  in  1886.  In  1894  a  small  experi- 
mental plant  was  constructed  in  Dorchester  for  the  reduction  of  garbage, 
a  place  having  been  assigned  for  the  work  by  the  board  of  health.  The 
contract  provided  for  the  treatment  of  not  more  than  twenty  tons  of  gar- 
bage daily. 

Public  Baths. 

The  total  number  of  bathers  of  both  sexes  at  the  public  bath  houses 
during  the  season  of  1894  was  1,082,675. 
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Report  of  Physicians  to  the  Board  of  Health. 

There  were  2,371  persoDS  vaccinated,  and  certificates  of  vaccination  were 
given  to  1,524  school  children. 

The  deaths  of  381  persons  dying  without  the  attendance  of  a  physician 
were  investigated.  These  cases  comprise  principally  those  who  die  from 
chronic  disease,  where  there  has  been  no  medical  care  for  months  previoas 
to  death,  and  those  who  die  suddenly  from  natural  causes.  In  these  cases 
a  careful  external  examination  is  made,  the  symptoms  learned  and  a  diag- 
nosis sufficiently  accurate  for  all  practical  purposes  reached.  The  law 
requires  a  medical  certificate  of  death  before  a  permit  for  burial  is  granted, 
and  these  examinations  are  made  to  conform  to  the  law,  as  well  as  to  collect 
statistics  for  bills  of  mortality. 

Infectious  Diseases,  —  One  hundred  and  twenty  cases  reported  as  small- 
pox have  been  examined  ;  of  these  77  proved  to  be  small-pox.  Sixty-nine 
of  these  patients  were  sent  to  the  small-pox  hospital  on  Canterbury  Street, 
where  1 8  of  them  died.  Eight  patients  were  sent  to  the  hospital  on  Gallop's 
Island,  and  of  these  2  died.  The  statement  of  the  remaining  43  reported 
cases  is  as  follows :  eczema,  5 ;  measles,  7 ;  postular  dermatitis,  4 ;  syph- 
ilis, 6 ;  urticaria,  3  ;  varicella,  18. 

Three  hundred  and  fifty-two  cases  of  varicella  were  investigated  during 
the  year  for  the  purpose  of  verifying  the  diagnosis. 

On  the  first  of  November  an  arrangement  was  made  with  Prof.  Harold 
C.  Ernst,  by  which  physicians  could  send  cultures  for  examination  to  the 
bacteriological  laboratory  of  the  Harvard  Medical  School.  In  November 
and  December  1,002  cultures  were  examined.  The  bacillus  of  diphtheria 
was  found  in  246  instances ;  in  699  cases  the  bacillus  of  diphtheria  was 
absent,  and  in  57  instances  there  were  no  growths.  During  the  month  of 
January,  1895,  there  were  842  cultures  examined.  Of  this  number  216 
showed  the  presence  of  the  bacillus  of  diphtheria ;  in  593  instances  the  ba- 
cillus of  diphtheria  was  not  found,  and  in  33  instances  there  were  no  growths. 
It  is  evident,  from  the  marked  increase  in  the  number  of  cultures  sent  to  the 
laboratoi7  during  the  month  of  January,  as  compared  with  that  of  the  two 
previous  months,  that  the  importance  of  this  work  is  becoming  more  gener- 
ally appreciated  by  physicians. 

Report  of  Inspector  of  Aninuds  aJt  Abattoir. 

Animals  killed  at  Abattoir, 

Cattle, 26,025 

Calves, 11,076 

Sheep 62,108 
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Animals  condemned. 


Weight. 


Cows,  . 
Steers,  . 
Bulls,  . 
Calves,  . 
Parts  of  animals. 

Total,     . 


Poonda. 

18,211 

4,485 

4,000 

185 

4,250 


31,131 


Diseases  found  among  Animals  after  having  been  killed  and  dressed  at  the  Abattoir. 


Dl8BA«B8. 

Tuberculosis,     . 
Septicasmia, 
Puerperal  fever. 
Actinomycosis,  . 
Enteritis,   .... 
Bruised,     .... 
Immatured, 

Total,. 


Catt]«. 

CalvM. 

58 

8 

— 

1 

— 

17 

— 

— 

1 

1 

. 

— 

3 

85 

4 

ShMp. 


Tkiberculosis, 

The  following  table  shows  the  percentage  of  cattle  killed  with  the  inten- 
tion of  being  used  for  food  :  — 


Class  of  Avimals. 

Number 
Kecelved. 

Taberculosla. 

Percentage. 

Whole  number  of  all  kinds,      .... 
Cows  from  eastern  States,        .... 
Bulls  from  eastern  States,        .... 
Steers  from  eastern  States,       .... 
Cows  from  western  States,       .... 
Steers  from  western  States,      .... 

26,025 
1,886 

58 

56 
2 

0.24 
2.97 

Under  the  head  of  oows  from  eastern  States  is  understood  those  animals 
from  all  of  the  New  England  States,  including  Massachasetts. 
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Previous  to  June,  1894,  the  carcasses  of  animals  slaughtered  at  the 
abattoir,  showing  the  presence  of  very  slight  lesions  of  tuberculosis  (as  a 
small  nodule  in  a  lymphatic  gland  and  the  animal  otherwise  in  good  con- 
dition) ,  had  not  been  condemned. 

Inspection  of  CcUUe. 

The  work  of  inspection  of  cows,  as  provided  for  by  the  Board  of  Health, 
and  subsequently  made  compulsory  upon  cattle  in  general  by  an  act  of  the 
Legislature,  has  been  continued  during  the  past  year. 

All  cattle  which  upon  inspection  have  shown  any  symptom  of  tuberculosis 
have  been  tested  with  tuberculin,  which  has  been  supplied  by  the  United 
States  Government  Bureau  of  Animal  Industry,  and  all  animals  which 
have  shown  characteristic  reaction  to  such  test  have  been  quarantined,  and 
the  State  Board  of  Cattle  Commissioners  notified.  Twenty-six  animals 
have  been  quarantined  under  these  conditions  and  reported  to  the  State 
Board  of  Cattle  Commissioners.  i 

Bradfobd. 

Sixty-five  buildings  have  been  inspected  by  the  agent.  Sixteen  notices 
have  been  served  by  the  board,  in  addition  to  many  personal  instructions 
given  by  all  the  members  of  the  board. 

Bridqewater. 

The  health  of  our  people  has  been  remarkably  good ;  no  contagious  or 
infectious  disease  or  epidemic  of  any  kind  has  prevailed  among  us ;  and 
we  have  reason  to  believe  that  the  careful  and  constant  supervision  of  the 
sanitary  condition  of  the  town,  continued  from  year  to  year,  has,  by  the 
blessing  of  God,  secured  to  our  citizens  immunity  from  ^*  many  ills  that 
flesh  is  heir  to." 

For  clearing  of  cesspools  the  excavator  has  become  a  prime  necessity, 
and  the  wonder  now  is  how  we  could  have  dispensed  with  it  so  long. 
There  is  an  increasing  demand  for  its  use  and  an  increased  satisfaction 
with  the  results.  Two  hundred  loads  have  been  removed,  against  150  last 
year. 

Brockton. 

The  total  number  of  deaths  in  the  city  during  the  past  year  was  481, 
exclusive  of  still-births,  an  increase  of  22  over  the  year  1893.  Estimating 
the  population  of  the  city  at  33,939  (which  is  the  State  Board  of  Health 
estimate),  the  death  rate  would  be  14.17  for  each  1,000  of  the  population, 
which  must  place  our  death  rate  among  the  very  lowest  of  any  of  the  cities 
and  large  towns  in  the  State. 

A  large  number  of  the  blocks  and  business  places  on  the  line  of  the 
sewer  have  connected  with  the  sewer,  which  has  largely  reduced   the 
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amount  of  work  formerly  done  by  the  excavator  wagons.  Some  manner  of 
disposing  of  the  large  amount  of  waste  paper  that  accamulates  in  the  city 
must  be j)royided  for  in  the  near  future,  and  we  would  recommend  that  the 
city  furnish  some  place  for  burning  it,  as  that  seems  to  be  the  only  proper 
manner  of  disposing  of  it. 

Brookune. 

The  public  swimming  bath  was  open  as  usual  during  June,  July,  August 
and  September.  There  were  6,573  baths  taken  in  1894.  More  com- 
modious quarters,  an  instructor  in  swimming  and  a  better  water  supply  are 
needed. 

At  the  annual  town  meeting  it  was  voted  to  appropriate  $5,000,  asked 
for  by  the  board,  to  construct  suitable  buildings  for  the  shelter  and  care  of 
persons  ill  with  dangerous  contagious  diseases,  and  needing  isolation. 
Under  this  vote  the  board,  after  conferring  with  competent  authorities, 
had  two  buildings  constructed  in  one  of  the  least  densely  populated  parts 
of  the  town,  a  safe  distance  apart  and  sufficiently  remote  from  all  other 
buildings.  The  hospitals  stand  on  high  ground,  in  a  location  of  great 
natural  beauty,  with  plenty  of  space  about  them  for  the  erection  of  tents 
or  portable  huts  in  case  of  an  extensive  epidemic.  The  buildings  are  of 
wood,  single-story  pavilion  style,  each  having  three  small  wards,  with  a 
hallway  through  the  middle  of  the  building,  a  kitchen,  cellar  and  attic, 
and  can  together  accommodate  from  twenty  to  twenty-five  patients  and 
attendants.  They  were  planned  with  special  attention  to  securing  ventila- 
tion and  sunlight,  have  plastered  walls  covered  with  Windsor  cement,  to 
permit  of  thorough  and  easy  cleansing,  and  all  the  rooms  except  the 
kitchens  have  open  fireplaces.  Both  buildings  have  modern  sanitary 
arrangements,  public  water  supply  and  good  piazzas.  One  of  the  build- 
ings, the  smaller  one,  is  for  diphtheria  patients,  the  6ther  for  scarlet  fever. 
At  one  end  of  the  larger  building  are  a  kitchen  and  small  ward,  wholly 
separate,  and  available  when  necessary  as  a  probationary  ward  for  the 
observation  of  any  doubtful  case.  It  is  often  very  difficult  to  make  a  cor- 
rect diagnosis  at  the  outset  of  a  case  of  infectious  disease,  and  meanwhile 
great  danger  is  sometimes  incurred  by  the  family  or  household  with  whom 
the  patient  may  be  residing.  It  is,  therefore,  a  matter  of  great  importance 
to  provide  a  place  for  the  patient  where  he  will  not  endanger  others  if  he 
proves  to  be  infectious,  and  at  the  same  time  avoid  the  infection  of  the 
probationer  if  his  illness  proves  to  be  either  non-infectious  or  a  less 
dangerous  infectious  disease.  These  rooms  will  also  prove  useful  at  times 
for  laundry  and  cooking  purposes,  or  for  occupancy  by  convalescents 
before  going  among  children,  or  in  times  of  epidemic  as  a  reserve  ward. 
Both  hospitals  have  now  been  occupied,  and  have  been  found  comfortable 
and  convenient  for  patients  and  nurses.  The  hospitals  can  be  communi- 
cated with  by  telephone,  and  are  kept  always  ready  for  immediate  use. 
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During  the  summer  and  autumn  a  smaller  number  than  usual  of  cases  of 
malaria  were  met  with  in  the  Holyrood  district,  and  but  a  few  cases  iu 
other  parts  of  the  town.  As  a  result  of  the  meeting  of  the  Newton  and 
Brookline  boards  of  health,  held  at  Hammond's  Pond,  Sept.  12,  1893, 
surveys  and  estimates  of  cost  were  made  by  the  civil  engineers  of  the  two 
municipalities  with  reference  to  drying  up  the  swamp  land  about  Ham- 
mond's Pond  and  draining  the  stagnant  pools  in  that  neighborhood.  As 
there  has  been  a  decided  decrease  of  malaria  in  Brookline  the  past  season, 
the  board  has  not  yet  asked  for  any  appropriation  for  carrying  out  the 
plans  of  the  engineers,  but  has  served  a  notice  on  the  parties  responsible 
for  the  stagnant  pools  in  the  Holyrood  district  that  said  pools  are  a 
nuisance,  and  must  be  abated. 

The  board  voted,  December  10,  that  the  agent  should  secure  a  sufficient 
number  of  physicians  to  make  daily  medical  inspections  of  the  schools. 
Six  inspectors  and  four  substitutes  were  at  once  appointed.  All  accepted, 
were  assigned  to  schools,  and  on  the  11th  all  were  at  their  posts.  The 
duties  of  the  inspectors  were  mainly  confined  to  the  examination  of  children 
found  by  their  teachers  to  be  ill,  and  also  any  noticed  by  the  inspectors, 
and  advice  as  to  the  disposal  of  sick  children,  and,  with  very  few  excep- 
tions, the  teachers  heartily  co-operated. 

Report  of  the  Veterinary  Inspector  and    Inspector  of  Milk, 

During  the  past  year  we  have  collected  and  examined  301  samples  of 
milk,  showing  an  average  of  12.83  per  cent,  of  solids,  —  a  remarkable 
improvement  over  that  of  the  preceding  year. 

During  the  year  attention  has  been  called  to  two  horses  suspected  of 
being  affected  with  glanders,  one  of  which  was  condemned  and  destroyed. 
One  hundred  and  thirty-one  cattle  were  suspected  of  being  infected  with 
tuberculosis,  of  which  45  were  found  to  be  diseased,  and  destroyed. 

Cambridge. 

Total  number  of  complaints  and  nuisances  investigated  during  the  year,  1,617 

Number  of  inspections  made, 2,368 

Number  of  subsequent  inspections, 6,163 

Total, 8,531 

Number  of  notices  issued  and  recorded, 1.261 

Number  of  special  notices  issued, 137 

Orders  of  the  board  served  by  constable, 6 

Rooms  fumigated, 941 

Number  of  notices  for  treatment  of  contagious  diseases  sent  out,     .  1,202 
Number  of  visits  to  premises  where  contagious  diseases  occurred  during 

the  year, 2,276 

Privy  vaults  abolished, 682 

Total  number  of  free  vaccinations  at  three  stations, 1,521 


No.  34.]  HEALTH  OF  TOWNS.  829 

The  board  directs  atteDtion  to  the  necessity  of  making  provision  this 
coming  year  for  proper  inspection  of  the  sources  of  supply  of  the  ice  sold 
for  domestic  use.  Of  the  importance  of  such  inspection  there  can  be  no 
question.  In  the  absence  of  such  inspection  of  the  source  of  supply,  the 
chemical  examination  of  a  few  samples  of  the  ice,  which  is  all  that  we  have 
at  present,  is  of  little  or  no  value  as  indicating  whether  or  not  the  ice  is 
unfit  for  use. 

The  State  Board  of  Health,  in  its  report  on  water  supply  and  sewerage, 
for  1890,  Fart  1,  page  586,  says :  '*  In  any  case  an  opinion  regarding  the 
wholesomeness  of  a  water  must  be  based  on  all  the  information  obtainable 
about  it.  In  addition  to  the  chemical  and  biological  examination  one 
should  know  the  location,  environment  and  sources  of  the  water,  and  the 
character  and  population  of  the  drainage  area.  These  facts,  drawn  from 
widely  different  sources,  are  all  interdependent,  and  help  to  interpret  one 
another." 

So  long  as  the  city  ordinance  relative  to  ice  inspection  remains  in  its 
present  form,  our  citizens  have  the  right  to  expect  that  the  examination 
which  the  ordinance  says  shall  be  made,  has  been  made,  and  to  rely  in 
their  use  of  ice  upon  its  having  been  made ;  and  we  feel  the  necessity  of 
recommending  either  that  provision  be  made  to  enable  the  duties  imposed 
by  the  ordinance  to  be  performed,  or  that  the  portion  of  the  ordinance 
relating  to  the  inspection  of  the  sources  of  supply  be  repealed,  as  that 
portion  is  at  present,  in  the  absence  of  such  provision,  more  likely  to  do 
harm  than  good. 

We  earnestly  recommend  the  construction  of  a  sewer  to  care  for  the 
drainage  now  emptying  into  Muller's  Brook,  which  will,  unless  such  sewer 
be  constructed,  cause  a  serious  nuisance  in  the  near  future. 

Finding  in  the  locality  of  Bird's  Fond  the  conditions  for  the  creation  of 
malaria,  and  the  presence  of  affections  which  malaria  causes,  this  board 
does  not  hesitate  to  pronounce  much  of  the  sickness  prevalent  there  as  due 
directly  to  the  condition  of  that  pond ;  and  we  therefore  recommend  the 
draining  of  Bird's  Pond  and  the  land  adjacent  thereto,  and  the  construc- 
tion of  a  sewer  as  proposed  by  the  city  engineer  to  that  end. 

We  urgently  recommend  that  ample  provision  be  made  for  bacteriologi- 
cal work  for  the  board  of  health,  to  detect  and  prevent  the  spread  of  diph- 
theria. 

We  have  adopted  regulations  regarding  cow  stables,  embodying  the 
principles  which  should,  we  think,  be  enforced  in  every  stable  in  the  city 
wherein  milch  cows  are  kept.  We  append  a  copy  of  the  regulations  we 
have  adopted  regarding  cow  stables. 

ReguUUions  Regarding  Cow  Stables. 

1.  Every  building  used  as  a  stable  for  cows  shall  contain  at  least  one  thousand 
cubic  feet  of  air  space  for  each  animal  kept  therein. 
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2.  The  luting  and  veDtilation,  and  the  condition  of  the  roof  and  floor,  shall 
be  satisfactory  to  the  board  of  health,  and  shall  be  so  maintained.  There  shall 
be  a  sufficient  supply  of  pure  water,  and  such  other  means  for  maintaining  the 
health  of  the  animals  in  said  stables  as  the  board  of  health  may  deem  necessary. 

8.  The  stable  shall  be  drained  in  a  manner  satisfactory  to  this  board,  and 
wherever  practicable  shall  be  connected  with  the  public  sewer  by  a  good  and 
sufficient  particular  drain. 

'  4.  The  manure  shall  be  kept  in  a  pit,  constructed  of  brick  laid  in  oement* 
with  a  concrete  floor  at  least  three  inches  thick,  and  ventilated  as  required  by  the 
board  of  health ;  and  no  more  than  one  cord  of  manure  shall  be  allowed  to  ac^ 
cumulate. 

6.  The  animals  shall  be  examined  by  a  veterinarian  approved  by  the  board 
of  health,  whenever  directed  by  the  board. 

6.  The  premises  shall  at  all  times  be  kept  in  a  condition  satisfactory  to  the 
board  of  health. 

This  board  has  long  recognized  the  inability  of  the  health  authorities  of 
this  city  to  cope  with  and  prevent  the  spread  of  ooutagious  diseases,  in  the 
absence  of  any  proper  provision  for  disinfecting  articles  of  clothing,  bed- 
ding, etc.,  which  have  been  exposed  to  and  may  become  the  mediums  of 
conveying  contagion.  Realizing  this,  the  board  has  made  strenuous  efforts 
during  the  past  year  to  have  this  deficiency  supplied.  It  appeared  to  the 
board  that  the  moat  economical  way  of  disinfecting  these  articles  would 
be  by  means  of  a  portable  steam  disinfecting  plant,  which  could  be  moved 
from  house  to  house  in  the  city  and  might  be  operated  in  the  street.  Such 
portable  plants  are  in  use  upon  the  continent,  and  one  has  been  designed 
for  the  United  States  marine  hospital  service.  Upon  further  consideration 
of  the  matter,  and  conference  with  members  of  the  city  government  and 
other  citizens,  it  appeared  that  there  might  be  objection  to  the  operation  of 
such  a  plant  in  the  streets  of  the  city,  on  the  ground  of  the  obstruction  it 
might  cause  and  the  possible  frightening  of  horses.  The  board  thereupon 
applied  to  the  Boston  board  of  health  for  permission  to  have  such  disin- 
fecting done  at  the  Swett  Street  plant  in  Boston,  the  city  of  Cambridge 
undertaking  the  carriage  of  articles  to  and  from  this  disinfecting  plant, 
and  paying  the  city  of  Boston  a  reasonable  price  for  doing  the  actual  work 
of  disinfecting.  The  Boston  board  acceded  to  our  request,  and  our  recom- 
mendation was  then  changed  to  provide  for  disinfecting  these  articles  in 
this  manner,  pending  the  construction  of  a  permanent  plant  in  this  city. 

The  school  committee  addressed  a  communication  to  the  board  of  health, 
requesting  the  board  to  '^  appoint  a  competent  physician  to  examine  all 
cases  of  contagious  diseases  in  houses  in  which  school  children  lived,  to 
keep  watch  of  the  course  of  such  cases,  and  to  forward  promptly  to  the 
secretary  of  the  school  board  notice  of  the  time  at  which  children  who 
have  been  sick  or  quarantined  may  return  to  school."  The  school  com- 
mittee and  the  board  of  health  thereupon  joined  in  requesting  the  city  gov- 
ernment to  provide  such  additional  funds  as  would  enable  this  board  to 
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comply  with  the  request  of  the  school  committee,  which  they  felt  to  be 
most  proper.  We  are  happy  to  state  that  this  provision  was  made,  and 
that  the  board  of  health  immediately  appointed  its  medical  inspector  to 
undertake  this  additional  work  outlined  above ;  and  since  June  1,  1894, 
no  children  are  allowed  to  return  to  the  public  schools  in  these  cases  except 
after  personal  examhiation  of  the  case  by  our  medical  inspector,  and  upon 
his  certificate  that,  in  his  opinion,  such  return  can  safely  be  permitted.  To 
make  this  plan  effective  it  was  necessary  to  require  the  certificate  of  the 
board  of  health  in  every  case,  and  a  rule  to  that  effect  has  been  adopted 
by  the  school  committee.  Of  the  importance  of  this  step,  and  of  the  pro- 
tection thereby  afforded  to  the  children  who  attend  the  public  schools,  there 
can  be  no  question ;  but,  in  order  to  make  the  system  perfect,  it  should  be 
made  applicable  to  all  who  attend  au]^  school  in  this  city,  whether  public, 
private  or  parochial. 

We  wish  to  state  our  conviction  that  no  attempt  at  controlling  diseases 
dangerous  to  the  public  health  will  ever  be  really  effectual,  nor  will  the 
citizens  of  Cambridge  ever  be  afforded  the  protection  from  such  diseases 
to  which  they  are  entitled,  until  the  board  of  health  has  placed  at  its  dis- 
posal ample  hospital  accommodation  for  the  isolation  of  such  cases  as  can- 
not be  properly  cared  for  at  home,  and  until  a  plant  for  the  disinfection  of 
infected  articles  is  provided,  and  means  are  supplied  for  carrying  out  bac- 
teriological examinations  in  obscure  cases  of  disease. 

When  so  much  is  said  and  written  about  the  infiuence  of  schools  in 
spreading  communicable  diseases,  let  it  be  remembered  that  there  are  other 
causes  at  work  equally  if  not  more  potent  for  evil.  Little  can  be  added  to 
the  forcible  words  of  Clement  Dukes  on  this  subject:  ^^  In  fact,  were  I 
asked  to  name  the  most  likely  spots  in  this  country  [England]  for  the  start- 
ing of  infections  diseases,  ...  I  should  not  name  the  market  place,  the 
highway,  the  home,  the  laundry,  the  school,  the  church,  the  funeral  or  the 
theatre,  but  the  public  conveyances.'*  Who  that  bas  experienced  the  dis- 
^sting  stenches  and  seen  the  indecent  crowding  together  of  men  and  women 
m  the  street  cars  can  doubt  the  danger  of  contracting  in  them  nearly  every 
communicable  disease  to  which  flesh  is  heir? 

Eight  cases  of  typhoid  fever  occurred  in  rapid  succession  among  persons 
taking  milk  from  the  same  Somerville  milkman.  The  trouble  probably 
originated  at  a  farm  in  Bedford  whence  some  of  the  milk  came. 

Canton. 

We  have  received  but  8  complaints  during  the  ten  months  since  the  last 
election. 

We  would  call  the  attention  of  the  citizens  to  the  stream  which  begins 
just  above  the  Upper  Silk  Factory  Pond.  On  this  stream  are  three  silk 
mills  which  have  privies  emptying  directly  into  it  (and  this  is  equally  true 
of  all  the  manufactories  and  most  of  the  dwellings  that  are  situated  on  the 
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borders  of  brooks  and  ponds  of  the  town) ,  so  without  exaggeration  it  is 
safe  to  say  that  more  than  five  hundred  persons  use  this  stream  daily  for  a 
common  sewer.  This  stream  has  formed  a  bar  or  bank  several  feet  in 
depth,  which  at  high  water  is  covered  by  scarcely  eighteen  inches  of  water, 
while  in  the  summer  when  the  water  is  low  it  is  bare  a  large  part  of  the 
time  and  exposed  to  the  scorching  rays  of  the  summer  sun ;  and  this  is  in 
the  heart  of  the  village,  and  within  a  stone's  throw  of  the  largest  if  not 
the  principal  school-house  of  the  town. 

Concord. 

In  the  fall  we  suffered,  in  common  with  a  great  many  other  places,  from 
an  unusual  amount  of  diphtheria,  there  being  twelve  cases  reported  between 
the  9th  and  27th  of  November.  Since  that  time  the  number  of  cases  has 
rapidly  diminished,  and  at  the  present  time,  March  1,  there  is  but  one  case 
that  we  know  of  in  town,  and  only  three  cases  of  scarlet  fever.  At  the 
first  sign  that  the  above  diseases  were  liable  to  become  epidemic  we  passed 
a  regulation,  as  printed  in  last  year's  town  report,  requiring  all  children 
absent  from  school  on  account  of  sickness  for  two  consecutive  days  to 
bring  a  doctor's  certificate  stating  that  they  were  not  suffering  from  any 
contagious  disease,  or  to  remain  away  six  weeks.  We  are  of  the  opinion 
that  that  regulation  did  a  great  deal  to  stop  the  spread  of  the  disease  ;  and 
we  know,  from  the  teachers,  that  it  helped  to  increase  the  attendance  at 
school  greatly.  The  great  danger  (and  we  cannot  emphasize  this  fact  too 
strongly)  lies  in  the  fact  that  a  scholar  may  be  suffering  from  a  mild  at- 
tack of  scarlet  fever  or  diphtheria  and  be  kept  out  of  school  a  day  or  two 
and  then  sent  back  in  the  very  best  time  to  spread  the  disease.  The 
parents,  not  having  called  a  physician  in,  are  not  aware  that  their  child  has 
anything  more  than  a  cold,  and  in  that  way  the  disease  is  spread  more 
than  in  any  other. 

The  agent  fumigated  44  different  houses. 

The  one  matter  of  keeping  swine  in  the  village  gives  the  board  more 
trouble  and  bother  than  any  other.    In  one  case  we  were  forced  to  bring  suit. 

The  inspector  of  provisions  and  animals  has  reported  to  this  board  that 
he  has  at  various  times  quarantined  sixteen  cows  tlifit  he  suspected  were 
suffering  from  tuberculosis. 

Cottage  Cmr. 

A  contract  was  made  for  cleaning  cesspools  and  vaults,  also  a  contract 
for  the  collection  of  swill  and  garbage.  Two  hundred  and  sixty-three 
orders  have  been  received  for  removing  the  contents  of  cesspools  and 
vaults,  38  permits  were  given  for  various  purposes  and  1  license  granted  to 
a  master  plumber. 

At  a  special  meeting  of  the  town  a  vote  was  passed  asking  the  board  to 
remove  the  unsightly  vegetable  growth  from  the  waters  of  Sunset  Lake. 
An  additional  appropriation  was  made  for  this  purpose. 
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Dbdham. 

Compared  with  tbc  preceding  year  and  for  a  number  of  years  previous, 
the  number  of  eases  of  contagious  or  infectious  diseases  will  be  seen  to 
have  been  very  small.  During  the  preceding  year,  1898,  53  cases  of 
scarlet  fever  and  47  cases  of  measles  were  reported.  The  records  this 
year  are  5  for  scarlet  fever  and  3  for  measles.  All  cases  of  typhoid 
fever  reported  this  year  came  close  together,  and  the  board  made  investi- 
gations to  see  whether  any  specific  cause  could  be  assigned  for  such  cases. 
A  large  number  of  the  cases  were  found  to  have  been  contracted  probably 
outside  the  town.  Dedham  has  an  excellent  supply  of  drinking  water  in 
the  public  system,  and  continued  analyses  made  by  the  State  Board  of 
Health  have  shown  no  cause  for  alarm  in  this  direction.  I'he  question  of 
drainage  is  a  matter  which  must  face  the  town  at  a  very  early  date,  and  no 
question  of  greater  importance  to  the  public  health  and  welfare  of  Dedham 
exists. 

The  tabulation  of  death  records  recently  prepared  by  Mr.  Hill,  town 
clerk,  from  1844  to  1890,  extending  over  a  period  of  forty-five  years,  shows 
that  877  deaths  were  from  consumption  alone,  out  of  a  total  of  4,91.0 
deaths  from  all  causes. 

The  board  believes  that  there  is  no  question  before  the  town  of  such 
vital  importance  regarding  its  general  health  and  welfare  as  that  of  sewer- 
age. The  town  should,  at  a  suitable  time,  see  that  its  interests  are  amply 
protected  and  subserved  by  any  plan  which  may  be  adopted  for  the  con- 
struction of  a  trunk  sewer.  Especially  is  it  desirable  that  such  trunk  sewer 
shall  provide  ample  means  of  draining  all  portions  of  the  town  limits  which 
are  in  any  way  liable  to  need  a  sewerage  system  in  the  next  thirty  years, 
and  such  main  sewer  should  also  provide  ample  capacity  for  taking  care  of 
this  sewage  with  that  obtained  from  other  locations. 

More  or  less  complaint  having  been  heard  in  regard  to  the  jail  sewerage, 
the  board  had  analyses  made  of  the  effluent  water  from  the  disposal  field. 
These  analyses  were  made  by  the  State  Board  of  Health ;  their  results 
showed  absolutely  no  trace  of  contamination  from  the  filter  beds,  and  the 
board  believes  that  the  disagreeable  features  which  are  noticed  from  time 
to  time  proceed  from  other  causes. 

East  Bridgewatkr. 

The  board  has  examined  and  corrected  a  great  many  nuisances  during 
the  past  year,  and  some  which  were  corrected  last  year  were  found  in  a  bad 
condition  again  this  year.     They  were  again  corrected. 

Scarlet  fever  has  appeared  in  two  outbursts  this  year,  but  through  the 
whole  epidemic  the  disease  has  run  a  mild  course,  and  no  deaths  have  been 
reported. 
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We  have  organized  a  board  of  plambers,  according  to  law,  and  hare 

licensed  one  to  do  the  plumbing  in  this  town. 

About  100  school  children  were  vaccinated,  as  a  part  of  Iba  work  of  the 

board,  this  year. 

Easthahpton. 

During  the  year  there  has  been  much  improvement  in  the  general  health 
of  the  town.  There  has  been  no  epidemic  of  disease,  other  than  scarlet 
fever,  which  has  prevailed  in  a  very  mild  form  and  has  caused  no  deaths. 

We  would  recommend  the  construction  of  a  small  building  near  the 
buildings  now  on  the  town  farm,  to  be  used  as  a  village  hospital  in  cases 
of  contagious  disease.  Such  a  building  would  not  necessarily  be  very 
large  or  very  expensive,  perhaps  one  story  high  and  with  two  or  three 
rooms.  It  should  be  made  pleasant  and  attractive,  without  and  within,  to 
the  end  that  the  sufferer  might  not  be  needlessly  depressed  by  disagreeable 
surroundings.  Such  a  building  would  do  away  with  the  unpleasant  asso- 
ciations that  surround  the  name  '^  pest  house,"  and  would  be  found  a  very 
useful  and  economical  provision  when  its  use  should  be  required. 

Everett. 

Ninety-one  houses  have  been  fumigated.  In  many  cases  where  scarlet 
fever  has  been  in  a  mild  form  there  has  been  great  difficulty  experienced  in 
keeping  the  patient  isolated,  or  even  in-doors,  until  danger  of  contagion  is 
passed. 

The  board  in  November  adopted  the  method  of  taking  cultures  in  diph- 
theria cases.  The  physicians  have  gladly  co-operated  with  the  board  in  this 
work.  We  have  been  very  fortunate  in  having  so  few  cases  of  this  disease, 
considering  its  marked  prevalence  in  Boston  and  other  neighboring  cities. 

We  have  also  adopted  a  card  for  the  admission  of  children  to  the  schools, 
which  reads  as  follows :  — 

This  certifies  that  may  safely  be  admitted  to  school  after  .  1895 

[signed  by  representative  of  the  board].    Keep  this  card  and  give  it  to  the 
teacher  after  above  date. 

One  of  these  cards  for  each  child  that  attends  school  is  left  at  the  house 
at  the  time  of  fumigation,  the  date  of  safe  admission  is  written  upon  the 
card,  which  is,  according  to  the  statute  of  the  State,  two  weeks  later.  The 
school  teachers  will  not  admit  scholars  who  have  been  out  on  account  of 
contagious  diseases  unless  one  of  these  cards  is  presented.  Before  the 
adoption  of  this  method  we  found  that  some  ont*of-town  physicians  gave 
certificates  of  recovery  that  would  admit  children  to  school  who  were  in 
just  the  stage  to  spread  disease. 

We  propose  to  have  every  house  that  has  been  vacated  by  a  consumptive 
family  thoroughly  cleansed  befora  it  is  again  occupied.  This  method  has 
been  employed  in  New  York  for  over  a  year,  with  good  results. 
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Fall  Rrmt. 

The  comparative  freedom  of  the  city  daring  the  past  year  from  conta- 
gious diseases  is  a  condition  upon  which  the  citizens  can  well  be  congratu- 
lated. 

The  prejudice  at  first  manifested  by  householders  against  having  their 
houses  placarded,  we  are  pleased  to  state,  is  fast  disappearing,  in  propor- 
tion as  the  object  for  which  it  is  done  is  becoming  better  understood. 

Owing  to  the  prevalence  of  small-pox  in  several  cities  during  the  past 
year  and  the  notices  in  relation  to  vaccination  published  by  the  board,  a 
larger  number  has  been  vaccinated  at  this  ofllce  than  in  any  preceding 
year.  The  number  vaccinated  in  1892  was  1,326 ;  in  ld93,  1,281 ;  and 
1,720  during  the  past  year. 

Sixteen  horses  affected  with  glanders  or  farcy  were  reported  to  and  quar- 
antined by  the  board  during  the  year.  Eleven  cows  were  reported  as 
having  tuberculosis,  and  were  placed  under  quarantine  and  the  Cattle  Ck>m- 
miBsioners  notified.  All  but  two  were  condemned  and  killed  and  disposed 
of  otherwise  than  for  food. 

For  Hie  year  ending  Deo.  31, 1894 : — 

Number  of  live  cattle  examined, 1,206 

Number  of  live  cattle  examined  and  reported  diseased,        .        .  6 

Number  of  meat  carcasses  examined  at  slaughter  houses,    .        .  500 

Number  of  meat  carcasses  examined  and  destroyed,     ...  50 

FrrcHBtFBO. 

The  recent  law  enacted  for  the  inspection  of  plumbing  nnder  the  direction 
of  the  board  of  health  makes  it  possible  to  exercise  a  careful  watch  over 
the  constmction  and  reconstruction  of  dwellings  so  far  as  their  sanitary 
condition  is  concerned,  and  in  a  way  which  will  ultimately  make  such  con- 
ditions the  best  possible  to  be  obtained.  With  this  possibility  in  view,  it 
was  deemed  a  most  favorable  time  to  begin  the  work  of  remedying  as  fast 
as  possible  those  unsanitary  conditions  in  old  constructed  dwellings  which 
so  often  prove  to  be  the  cause  of  physical  degradation  and  disease.  By  a 
systematic  plan  of  recording  all  the  facts  obtained  by  this  inspection  and 
a  carefully  prepared  index  to  the  same,  it  has  been  possible  to  accomplish 
a  great  deal.  Information  has  been  thereby  furnished  on  matters  of 
local  sanitation  and  house  drainage  which  will  help  greatly  in  the  future 
improvement  of  certain  sections  of  the  city,  and  in  the  solution  of  prob- 
lems concerning  the  extension  of  our  sewerage  system.  The  work  has  not 
met  with  any  serious  opposition,  and  in  many  cases  has  been  materially 
aided  by  the  co-operation  on  the  part  of  property  owners  and  members  of 
the  medical  profession.  Many  of  the  latter  have  asked  the  help  of  the 
board,  and  have  availed  themselves  of  the  facts  obtained  by  this  method 
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of  investigation  for  the  benefit  of  their  patients.  The  work  has  divided 
itself  into  the  regular  house-to-hoase  inspection  in  sections  of  the  city 
where  poor  sanitation  was  reasonably  to  be  expected ;  the  inspection  of 
every  house  where  any  disease  dangerous  to  the  public  health  was  reported ; 
the  inspection  of  houses  where  suspicious  cases  were  reported  and  an  in- 
spection requested  by  physicians ;  and  the  inspection  made  by  reason  of 
nuisance  complaints. 

ToUil  number  of  inspections  recorded, 504 

Number  of  dwelling-houses  inspected, 441 

Number  of  dwellings  and  stores  combined, 33 

Number  of  separate  stores, 8 

Mills  and  workshops  inspected, 9 

Public  and  other  buildings  inspected, :) 

Separate  bams  and  stables  inspected, 15 

Number  of  separate  tenements  inspected,       .....  1,038 

The  distribution  of  scarlet  fever  during  the  several  months  haa  some- 
thing of  importance,  not  so  much  with  reference  to  the  climatic  conditions 
as  with  reference  to  school  attendance.  Fifty  of  the  66  cases  were  reported 
during  term  time,  16  during  vacation.  Counting  the  actual  time  when 
children  are  in  school  and  the  time  when  the  schools  are  not  in  session,  it 
is  found  that  the  prevalence  of  this  disease  was  a  little  more  than  twice  as 
great  during  term  time  as  during  vacation  time.  The  largest  number 
occurred  during  the  April  to  June  session,  namely,  27.  The  next  largest 
number  occurred  during  the  September  to  December  session,  18  in  all. 

In  dealing  with  contagious  disease,  it  is  often  a  diflScult  question  how 
to  secure  a  proper  isolation.  Without  such  isolation  much  of  the  work 
attempted  by  a  board  of  health  as  regards  school  attendance,  disinfection 
and  other  matters,  seems  in  the  minds  of  many  extremely  foolish.  Often 
the  rules  of  the  board  do  not  actually  accomplish  what  they  aim  to  accom- 
plish. They  fail  in  the  direction  of  not  sufficiently  protecting  the  public 
at  large,  by  reason  of  not  providing  an  efficient  isolation  during  the  period 
of  danger.  Theoretically,  it  is  possible  in  nearly  every  instance  to  ensure 
a  good  degree  of  isolation  in  cases  of  contagious  disease,  whether  mild  or 
severe,  but  practically,  it  is  often  impossible  without  causing  additional 
suffering  and  danger  to  the  sick,  or  great  inconvenience  and  expense  to 
those  too  poor  to  incur  the  same.  To  properly  deal  with  this  class  of 
diseases  a  hospital  is  greatly  needed,  suitably  arranged  and  located  so  that 
any  case  can  be  at  once  removed  from  all  danger  of  communicating  any 
contagion,  and  kept  under  close  observation  until  all  danger  is  passed.  It 
is  earnestly  hoped  that  in  the  near  future  Fitchburg  will  have  a  hospital  for 
contagious  diseases,  as  she  now  has  one  for  the  treatment  of  other  forms 
of  sickness.  This  can  be  brought  about  by  the  board,  when  the  public 
safety  demands  it,  under  the  provisions  of  a  recent  statute. 
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Frahinqhav. 

The  board  would  recommend  that  the  town  provide  a  honse  saitably  fur- 
nished for  the  reception  of  persons  suffering  with  contagious  diseases,  who 
have  no  home  and  cannot  be  otherwise  provided  for.  Such  a  case  hap- 
pened in  Saxonville  last  November,  and  the  patient  was  taken  to  the  home 
of  the  member  of  the  board  of  health  from  that  place  and  cared  for  during 
an  attack  of  diphtheria. 

Very  few  written  complaints  have  been  sent  to  the  board  the  past  year, 
bat  those  few  have  been  attended  to  in  every  instance. 

Soon  after  organizing,  we  adopted  the  system  used  by  the  city  of  Worces- 
ter,  of  notification  of  contagious  disease  to  the  board  from  the  physician 
attending ;  from  the  board  to  the  teacher  of  the  school  which  the  child 
attends ;  also  from  the  board  to  the  librarian  of  the  town  library.  We  had 
printed  and  forwarded  to  the  teachers  of  the  schools  instructions  in  regard 
to  contagious  diseases,  and  also  instructions  to  the  family  where  the  sick- 
ness occurs.  When  a  child  recovers  the  teacher  is  also  notified,  and  when 
tiie  two  weeks  which  the  statutes  require  shall  have  expired,  when  the  child 
can  return  to  school. 

Franklin. 

At  our  first  meeting,  in  compliance  with  the  requirements  of  the  law,  we 
licensed  the  plumbers  and  appointed  an  inspector  of  plumbing;  also  an 
inspector  of  the  meat  and  provision  markets  and  at  the  slaughter  houses. 

Our  inspector  of  animals  has  reported  the  following  contagious  cases : 
tuberculosis  in  cattle,  26  ;  glanders  in  horses,  8.  These  animals  have  been 
destroyed  in  the  manner  required  by  the  law. 

Gabdnbr. 

The  board  of  cattle  inspectors  has  during  the  year  examined  1,011  head 
of  cattle.  Of  this  number  6  have  been  found  to  have  tuberculosis,  and 
were  killed  according  to  law.  Some  member  of  the  board  has  also  been 
present  at  the  killing  of  24  head  of  cattle  for  beef.  Of  this  number,  2 
have  been  condemned  and  destroyed. 

Gloucester. 

The  board  calls  attention  to  the  need  of  public  parks  for  Gloucester,  and 
suggests  certain  localities  appropriate  for  such  purposes. 

There  is  need  in  the  city  for  a  hospital  for  contagious  diseases,  that  is, 
for  the  ordinary  ** catching'*  diseases  of  children.  To  illustrate  this,  let 
us  instance  a  family  which  depends  for  its  support  on  the  exertions  of  the 
mother,  that  is,  in  the  main ;  a  case  of  scarlet  fever  breaks  out,  and  the 
mother  is  practically  quarantined ;  other  cases  break  out,  and  perhaps  six 
or  eight  or  even  more  weeks  have  passed  before  the  mother  can  resume  her 
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work.  Now,  it  may  happen  that  the  families  which  employed  her  have 
secured  other  help,  and  to  get  it  have  been  obliged  to  promise  that  they 
would  not  discharge  the  new  help  if  their  work  was  satisfactory.  It  will 
be  imagined  to  what  a  condition  the  family  which  has  had  the  visitation  of 
scarlet  fever  has  been  reduced  by  the  total  suppression  of  income  and  the 
loss  of  positions  where  they  have  formerly  performed  housework;  many 
who  generally  manage  to  support  their  families  in  part  or  wholly  are  obliged 
to  seek  aid  of  the  city. 

Greenfield. 

The  regulations  of  the  previous  year  were  adopted,  with  the  addition 
that  the  keeping  of  swine  within  the  thickly  settled  part  of  the  village 
should  be  restricted.  This  order  was  received  with  a  good  deal  of  disfavor 
by  many,  as  infringing  upon  the  rights  of  individuals ;  but  in  our  opinion 
it  is  impossible  for  swine  to  be  kept  in  a  thickly  settled  community  without 
their  presence  becoming  a  nuisance  at  certain  times  of  the  year,  and  we 
feel  it  would  have  been  better  if  the  order  had  been  prohibitory  rather  than 
restrictive. 

As  an  additional  safeguard  against  the  spread  of  all  forms  of  contagious 
diseases,  in  the  opinion  of  this  board,  the  medical  inspection  of  our  public 
schools  is  most  desirable. 

Under  date  of  Feb.  15,  1895,  circular  letters  containing  the  following 
questions  were  sent  to  the  resident  physicians,  with  the  request  that  they 
favor  the  superintendent  of  schools  with  answers  thereto.  As  a  result  of 
this  inquiry,  the  superintendent  made  the  following  recommendations :  (1) 
that  the  use  of  slates  in  the  schools  be  discontinued ;  (2)  that  the  floors 
and  furniture  of  the  school-rooms  be  washed  once  each  term;  (3)  that  the 
board  of  health  be  consulted  in  regard  to  the  best  means  of  sterilizing 
books ;  (4)  that  a  sum  of  money  be  raised  and  appropriated  for  the  medical 
inspection  of  the  schools,  and  that  the  board  of  health  be  consulted  as  to 
the  frequency  and  general  plan  of  inspection, 

Haverhill. 

Most  of  our  physicians  perform  the  duty  of  certifying  the  causes  of  death 
with  great  cafe,  skill  and  exactness,  while  others,  having  little  knowledge 
of  the  use  and  value  of  mortality  statistics,  are  not  always  careful  to  make 
their  returns  full  and  accurate.  It  is  a  common  thing  to  find  on  death 
certificates  such  indefinite  information  as  '' meningitis,"  ^^convulsions," 
'« debility,"  "loss  of  strength,"  "exhaustion,"  "  disease  of  lungs,"  "dis- 
ease of  brain,"  " stomach  disease,"  "hemorrhage,"  "dropsy,"  "infantile," 
"  inflammation,"  "  septicaemia,"  "  heart  failure,"  and  many  other  indefiaite 
causes.  Correct  mortality  statistics  cannot  be  secured  from  such  worthless 
certiflcates,  and  they  ought  never  to  be  placed  upon  the  registrar's  records 
as  causes  of  death. 


No.  34.]  HEALTH  OF  TOWNS.  839 

Complying  with  a  reqaest  of  this  board,  the  city  solicitor  has  recently 
sabmitted  his  opinion  that,  in  the  absence  of  hospital  accommodations,  the 
board  of  health  has  no  authority,  under  sections  40,  41,  43,  44,  45,  46,  47, 
48  and  75  of  chapter  80  of  the  Public  Statutes,  to  quarantine  persons  in 
houses  in  which  diseases  exist  which  are  dangerous  to  the  public  health, 
and  in  this  opinion  it  will  be  seen  that  he  is  sustained  by  recent  decisions 
of  the  supreme  judicial  court ;  nor  has  the  board,  by  a  ruling  of  the  local 
court,  before  which  a  test  case  was  made  last  summer,  any  authority  to 
make  and  enforce  regulations  (under  section  18  of  chapter  80)  quarantin- 
ing persons  sick  with  diseases  dangerous  to  the  public  health.  To  the 
absence  of  such  power  is  attributed  the  increase  in  the  number  of  cases  of 
scarlet  fever  the  last  half  of  the  year. 

Hudson. 

Though  the  town  has  a  plan  for  a  system  of  sewerage,  with  estimates  of 
cost,  the  great  fire  of  July  4  last  has  entailed  so  much  extra  expenditure 
on  the  part  of  individuals,  as  well  as  the  town,  that  it  is  doubtful  whether 
it  is  advisable  to  begin  its  immediate  construction.  If  not  begun,  greater 
precautions  than  ever  will  be  necessary,  on  account  of  each  year's  added 
filth  to  the  surface  soil,  especially  in  the  more  thickly  settled  portions  of 
the  town.  All  privy  vaults  should  be  emptied  as  often  as  twice  each  year, 
—  by  the  first  of  May  and  the  first  of  November;  and  after  each  removal, 
dry  earth,  or  dry  ashes  free  from  all  fire,  should  be  thrown  in,  in  sufficient 
quantity  to  absorb  all  moisture,  and  new  applications  of  dry  earth  or  ashes 
applied  as  often  as  once  each  week,  or  oftener. 

Hull. 

The  sewers  of  the  town  are  in  good  condition.  During  the  summer 
months  they  were  flushed  twice  a  week  and  kept  in  good  order.  The  board 
would  recommend  the  construction  of  a  small  piece  of  sewer  on  Stony 
Beach,  Nantasket.  It  would  receive  the  sewerage  from  some  fifteen  houses, 
and  thereby  abate  a  nuisance  which  now  exists  in  this  locality.  With  few 
exceptions,  all  residences  located  on  thoroughfares  where  there  are  public 
sewers  are  connected  therewith. 

The  new  plumbing  regulations  have  been  in  force  since  Sept.  1,  1894. 
An  inspector  has  been  appointed,  as  required  by  law,  and  all  plumbing  or 
sanitary  improvements  are  made  under  his  supervision. 

Hyde  Park. 

Owing  to  the  complaints  of  many  of  our  citizens,  the  board  thought  best 
to  make  a  change  in  the  manner  of  clearing  vaults  and  cesspools.  The 
attention  of  the  board  was  called  to  the  work  done  by  the  apparatus  known 
as  the  ^'odorless  excavator,"  and  after  a  thorough  examination  this 
method  was  adopted. 
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Early  in  the  year,  to  conform  to  the  laws  of  the  State,  the  board  took  up 
the  matter  of  the  appointment  of  an  inspector  of  plumbing.  Applications 
were  received  from  several  for  the  position,  which  was  finally  decided  by 
civil  service  examination,  and  given  to  the  one  who  received  the  highest 
per  cent,  in  rank.    Afterward  the  board  appointed  an  assistant. 

Nearly  one  hundred  complaints  have  been  investigated,  and  most  of  the 
places  have  been  attended  to. 

Ipswich. 

Excepting  a  slight  epidemic  of  diphtheria  in  the  month  of  August,  dur- 
ing which  most  of  the  deaths  occurred  from  that  disease,  the  contagious 
diseases  have  been  in  a  very  mild  form. 

The  sanitary  condition  of  the  town,  we  think,  will  compare  favorably 
with  any  town  in  the  State  of  its  size.  We  have  not  had  to  resort  to  any 
legal  measures  in  regard  to  the  abatement  of  nuisances,  and  the  people 
have  taken  kindly  to  our  regulations  and  assisted  us  in  every  way  in  their 
power. 

Lancaster. 

But  few  cases  of  contagious  disease  have  been  reported,  but  a  mild  form 
of  influenza  has  been  quite  prevalent  during  the  winter.  In  consequeuce 
of  the  prevalence  of  diphtheria  in  neighboring  towns,  the  board  has 
thought  it  wise  to  be  equipped  with  a  supply  of  antitoxine  sufficiently  large 
for  use  in  any  case  until  more  can  be  procured,  for  which  arrangemeuts 
have  been  made  at  the  laboratory  where  it  is  manufactured.  Instrumeuts 
necessary  for  the  proper  administration  of  the  remedy  have  also  been  pro- 
cured, so  that  none  may  suffer  from  delay  in  procuring  the  proper  remedy 
in  this  terribly  contagious  disease. 

The  board  has  continued  to  have  analyses  made  from  time  to  time  of 
the  river  water,  with  a  view  to  keeping  posted  as  to  what  degree  of  pollu- 
tion is  sustained  by  the  Clinton  sewage  flowing  into  it. 

Lawrence. 

The  earnings  from  removal  and  sale  of  night  soil  have  steadily  decreased 
since  1888,  at  which  time  the  board  began  to  order  vaults  to  be  abolished 
and  replaced  with  water-closets.  In  1888  the  department  cleared  seventy 
per  cent,  above  expenses  on  this  branch  of  the  work,  while  at  the  present 
time  there  is  a  loss  of  twenty  per  cent.,  and  the  revenue  will  continue  to 
grow  less  as  the  vaults  are  replaced  with  water-closets. 

Eight  teams  and  sixteen  men  are  required  for  the  collection  of  garbage, 
which  is  deposited  at  the  several  dumps,  a  method  of  disposal  that  is  not 
only  objectionable,  but  a  nuisance.  There  were  19,500  loads  of  garbage 
collected  during  the  year. 

The  cleaning  of  private  cesspools  requires  the  whole  time  of  one  team 
and  two  men.     It  is  necessary,  from  a  sanitary  point  of  view,  that  these 


No.  34.] 


HEALTH  OF  TOWNS. 


841 


cesspools  be  abolished  aod  proper  sewerage  provided.  There  has  been  an 
alarming  amount  of  sickness  in  these  localities,  which  woald  be  consider- 
ably lessened  if  the  cesspools  were  abolished. 

The  board  does  not  advocate  cremation  as  the  only  way  of  disposing  of 
the  refuse,  but,  knowing  the  exact  condition  of  affairs,  —  that  we  have 
25,000  cubic  yards  of  garbage  and  450  cords  of  swill  to  be  disposed  of 
yearly,  with  no  proper  sanitary  way  of  doing  it,  —  we  consider  it  is  abso- 
lutely necessary  to  dispose  of  the  waste  matter  in  some  proper  sanitary  way 
other  than  the  method  now  in  use.  Some  method  should  be  adopted  that 
would  wholly  destroy  it,  and  we  trust  that  the  city  government  will  enable 
us  to  adopt  a  satisfactory  way  of  disposing  of  the  waste  matter.  The 
waste  paper,  which  formerly  was  used  by  the  paper  mills,  is  now  collected 
by  the  department,  and  forms  a  very  large  portion  of  the  refuse  collected. 
It  is  a  nuisance  at  the  dumps,  as  it  causes  frequent  fires,  which  are  the 
cause  of  much  annoyance  to  those  who  live  in  the  vicinity,  and  if  it  is  not 
burned,  it  is  very  objectionable  to  mix  it  with  other  refuse. 

That  the  method  of  the  water  board  of  providing  the  city  with  pure  water 
has  been  the  means  of  our  city  escaping  a  severe  epidemic  during  the 
winters  of  1898-94  and  1894-95  is  plainly  evident,  and  the  citizens  cannot 
be  too  grateful  for  the  change.  Below  is  given  a  list  of  the  cases  and 
deaths  in  Lowell  and  Lawrence :  — 

Tabu  of  Ccues  and  Deaths  from  Typhoid  Fever  in  Lowell  and  Lawrence. 


January, . 

February, 

March,     . 

April, 

May, 

June, 

July, 

August,   . 

September, 

October,  . 

November, 

December, 

Totals, 


Cases. 


Lowell. 


99 
60 
33 

9 
11 

2 

4 
13 

7 

21 
14 
19 


292 


Lawrencs. 


9 

19 

17 

1 

5 

3 

4 

3 

10 

15 

4 

2 


92 


DXATBt. 


Lowell. 


IS 
19 
5 
1 
3 
1 
3 
1 
3 


50 


Lawrence. 


2 

6 
4 


3 
2 
3 
1 
1 


24 


In  February  we  had  one  case  of  small-pox,  a  child  ten  months  old  being 
afflicted  with  the  disease.  The  case  was  confined  in  the  house  where  it 
originated,  and  the  inmates  quarantined  for  one  month  during  the  existence 
of  the  case. 
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The  number  of  master  plumbers,  employers  and  journeymen,  are  as  fol- 
lows: employers,  20;  masters,  11;  journeymen,  33.  Licensed  sewer 
contractors,  8. 

The  following  table  shows  the  work  in  detail  for  the  year :  — 

Jobs  accepted, 444 

Water  tests, 477 

Number  of  iDspections  of  plumbing  work  done  in  old  and  in  new 

buildings, 2,852 

Lee. 

During  the  year  the  board  ordered  a  general  vaccination,  providing  the 
virus  and  free  vaccination  to  all  unable  to  pay. 

Regular  investigations  of  premises  were  made,  and  many  complaints  per- 
taining to  imperfect  drainage  were  attended  to.  With  our  imperfect  sys- 
tem of  sewerage  it  is  impossible  to  avoid  the  difficulties  arising  from 
drainage. 

Leominster. 

The  sanitary  condition  of  the  town  is  very  much  improved,  through  the 
efforts  of  the  board  of  health.  A  very  noticeable  decrease  in  the  number 
of  contagions  diseases  shows  it.  There  have  been  only  69  cases  in  all  re- 
ported during  the  year,  against  323  for  the  year  1893. 

During  the  year  120  nuisances  have  been  discovered  and  abated,  and  30 
cases  of  scarlet  fever  and  5  cases  of  diphtheria  have  been  flagged.  In  15 
cases  of  measles  and  8  cases  of  typhoid  fever  cards  have  been  placed  on 
the  houses  where  the  disease  existed,  announcing  the  fact  to  the  public. 

All  cases  of  contagious  diseases  have  been  reported  to  the  State  Board  of 
Health  and  to  the  school  committee  of  Leominster,  and  a  record  of  all  such 
cases  has  been  kept  in  the  office  of  the  board  of  health. 

Lowell. 

During  the  year  1894,  29,679  loads  of  ashes  were  removed  from  houses 
and  stores  to  the  various  dumping  grounds  in  use.  The  total  number  of 
vaults  removed  in  1894  was  145. 

The  most  important  question  that  was  solved  by  the  erection  of  the  cre- 
mator was  the  disposal  by  burning  of  such  a  large  proportion  of  swill  and 
market  refuse  as  had  been  before  thrown  upon  the  dumps,  that  should 
receive  only  clean  ashes  and  paper  refuse.  The  time  will  come  when  the 
city  must  have  an  outlet  for  all  its  swill  and  refuse,  without  recourse  to  the 
pernicious  system  of  feeding  to  swine.  But  Lowell  is  now  in  a  much 
better  condition,  with  its  present  small  cremator,  than  any  other  city  in 
New  England ;  and  when  any  other  furnace  or  rendering  establishment  can 
convince  the  board,  by  as  careful  and  trustworthy  record  of  actual  results 
as  has  been  applied  to  the  Lowell  furnace,  that  they  can  dispose  of  the  gar- 
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bage  at  a  less  cost  and  in  as  clean  and  sanitary  manner,  they  will  gladly 
recommend  its  adoption  and  erection  by  the  city.  Experiments  have  been 
made  at  different  times  with  the  ash  product  of  the  furnace,  and  50  tons 
have  been  disposed  of  at  a  price.  There  have  been  no  complaints,  bat,  on 
the  contrary,  a  great  many  expressions  of  satisfaction  from  citizens  of 
Lowell,  that  by  its  operations  so  many  thoosands  of  tons  of  perishable 
matter  have  been  disposed  of  by  such  a  cleanly  and  sanitary  method.  The 
garbage  burned  at  the  cremator  daring  1894  was  as  follows :  — 

Swill  (tons), 8,066 

Market  refuse  (tons), 420 

Infected  clothing  (barrels), 12 

Infected  night  soil  (ton), 1 

Dead  animals  (about), 850 

Largest  week^s  work, 186,145  pounds,  =z  93  tons. 

From  an  inspection  of  tenement-houses  in  the  city  of  Lowell,  covering 
years,  it  is  the  unanimous  opinion  of  the  board  that  the  stingy  use  of 
metered  water  in  the  city  is  greatly  to  be  deplored.  Because  of  a  desire  to 
keep  the  water  bills  at  as  low  a  point  as  possible,  the  owners  of  tenement- 
house  property  very  often  shut  off  the  water  at  nightfall,  and  before  it  is 
let  on  again  in  the  morning  many  people  have  been  obliged  to  get  their 
hasty  breakfast  and  commence  work  in  the  mills  without  the  convenience 
of  water  either  at  their  sinks  or  water-closets.  The  question  of  the  health 
of  the  poorer  class  of  tenants  in  some  of  the  dilapidated  buildings  in  the 
city  is  of  more  importance  than  any  system  that  continues  and  increases 
the  danger,  even  if  the  theory  is  correct  that  the  universal  use  of  meters 
may  save  a  few  paltry  dollars  in  the  cost  of  pumping  the  sewage-laden 
water  of  the  Merrimack  River. 

To  assist  in  making  the  diagnosis  in  mild  cases  of  throat  and  nasal 
troubles,  as  well  as  to  decide  when  a  convalescent  diphtheria  patient 
became  free  from  contagion,  the  board  decided  to  furnish  the  physicians 
with  the  bacteriological  diagnosis  of  diphtheria.  Quarters  were  obtained 
in  the  milk  inspectors'  laboratory,  and  a  graduate  of  the  Harvard  Medical 
School,  who  has  studied  bacteriology  there  and  abroad,  was  appointed  bac- 
teriologist to  the  board.  There  have  been  fewer  deaths  from  typhoid  fever 
than  in  any  year  since  1885.  The  fact  that  more  cases  of  the  disease  were 
reported  than  in  1893  does  not  necessarily  show  a  great  increase  of  the 
disease,  but  perhaps  indicates  that  at  last  physicians  are  beginning  to  report 
this  disease  with  the  same*  promptitude  that  they  do  the  more  directly 
contagious  diseases. 

The  water  board  is  to  be  commended  in  its  extension  of  the  driven-well 
system,  but  the  supply  from  the  river  should  also  be  filtered.  The  mortal- 
ity from  typhoid  fever  will  not  be  greatly  reduced  until  the  whole  city  is 
supplied  with  pure  water,  and  can  use  it  freely. 
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A  detailed  statement  of  8  cases  of  small-poz  is  presented  in  the  report. 
Immediately  upon  being  notified  of  the  existence  of  a  case  of  small-pox, 
all  the  family  and  others  likely  to  have  been  exposed  were  vaccinated.  On 
December  26  the  office  hoars  at  the  city  hall  were  increased,  being  from  4 
to  5  P.M.  and  7  to  9  p.m.  week-days,  and  also  on  Snnday  afternoon.  So 
great  was  the  number  of  applicants  that  finally  three  sets  of  physicians 
were  employed,  each  with  two  assistants,  one  to  prepare  the  arms  and 
apply  the  dressing,  the  second  to  register  the  name,  age  and  residence. 
Ten  thousand  people  were  vaccinated  at  the  city  hall  while  the  outbreak 
lasted.  On  the  day  after  the  disease  made  its  appearance  an  office  for 
vaccination  was  opened  in  the  infected  district,  with  hours  from  1 2  to  1 
and  7  to  8  p.m.  This  was  closed  January  7.  Also  at  the  beginning  of  the 
outbreak  the  manufacturing  corporations  were  requested  to  vaccinate  all 
their  employees  who  had  not  been  successfully  vaccinated  within  five  years ; 
about  8,500  were  thus  vaccinated  in  the  mills.  On  the  appearance  of 
another  case  of  small-pox,  on  January  2,  house-to-house  vaccination  was 
begun  in  the  infected  district.  There  were  26,685  cases  of  vaccination 
in  a  city  of  90,000  inhabitants,  a  large  proportion  for  a  city  of  this  size. 
Next  to  vaccination,  the  most  effective  method  of  preventing  the  spread 
of  small-pox  was  by  separation  of  the  sick  from  the  well.  When  a  patient 
was  removed  to  the  hospital,  such  articles  of  clothing  or  bedding  as  could 
not  be  disinfected  by  boiling  were  taken  to  the  cremator  and  burned.  The 
sick-room,  after  exposure  to  the  fumes  of  burning  sulphur  for  several 
hours,  was  thoroughly  aired,  and  then  the  woodwork  and  furniture  were 
scrubbed  with  a  one  to  five  hundred  per  cent,  solution  of  corrosive  sublimate. 
In  some  cases  the  ceilings  were  whitewashed  and  the  rooms  repapered.  The 
board  of  health  did  not  feel  justified  in  placing  entire  reliability  on  disin- 
fection by  sulphur.  Had  the  city  possessed,  as  it  should,  a  steam  dis- 
infecting plant,  many  articles  that  were  destroyed  could  have  been  saved. 
Although  destruction  by  fire  is  an  expensive  method,  when  articles  have  to 
be  replaced,  yet  it  is  without  question  the  safest  method  for  the  destruction 
of  disease  germs.  It  was  felt  best  here  in  Lowell  to  place  a  strict  quaran- 
tine in  most  of  the  infected  houses  for  a  fortnight  after  the  removal  of  the 
patient  to  the  hospital.  By  this  means  the  disease  was  confined  to  one 
locality. 

Ltnn. 

The  garbage  scow  has  made  14  trips  during  the  year,  carrying  and  dump- 
ing 1,272  tons  of  vault  and  cesspool  matter  and  286  tons  of  house  offal. 
There  is  no  other  sanitary  method  known  to  us  by  which  our  product  can 
be  disposed  of  at  so  small  an  expense,  therefore  we  deem  it  wise  to  con- 
tinue the  present  method  of  its  disposition. 

A  parcel  of  land  of  about  four  acres,  on  the  north  side  of  Holyoke  Street, 
was  selected  as  the  site  for  the  hospital  for  contagious  diseases.     Since  then 
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the  oommittee  on  public  property  has  adopted  plan^,  let  the  contracts  for 
building,  and  the  plant  is  now  in  such  an  advanced  stage  of  completion 
that  it  will  be  ready  for  occupancy  within  a  short  time. 

Certain  brooks  and  a  mill  pond  in  Lynn,  which  were  in  a  filthy  condition, 
were  made  the  subject  of  complaint  by  neighboring  citizens,  and  fiually 
the  Legislature  acted  upon  the  question,  the  act  being  chapter  302  of  the 
Acts  of  1894,  entitled  '^  An  act  to  abate  the  nuisance  caused  by  the  dam 
on  Little  River  in  the  city  of  Lynn/'  No  action  was  taken  under  this  act. 
Stony  Brook  was  afterward  complained  of,  and  after  a  hearing  and  as  the 
result  of  the  hearing  and  investigation  the  brook  was  declared  to  be  a  nui- 
sance and  ordered  abated.  Since  then  the  brook  has  been  straightened, 
widened  and  cleaned  out,  the  pond  water  drawn  off,  and  the  city  has  ex- 
pended a  large  sum  in  street  and  bridge  repairs,  affording  a  sufficient 
and  unobstructed  flow  of  water. 

The  milk  inspector  took  and  caused  to  be  analyzed  3,295  samples  of 
milk.  Of  these,  1,638  were  taken  from  milk  teams,  908  from  grocers  and 
749  from  the  cars  and  dairies;  322  samples  were  below  the  standard. 
Twenty-one  cases  were  brought  into  court;  17  of  these  were  for  first  of- 
fences, 3  for  second  offence,  and  1  for  third  offence.  Convictions  were 
secured  in  all  of  the  cases;  15  paid  their  fines,  4  were  placed  on  file,  2 
appealed  and  their  cases  are  still  pending. 

He  goes  on  to  say :  '^  During  the  year  I  have,  by  rigid  inspection  of  cat- 
tle, meats  and  provisions,  endeavored  to  remove  as  far  as  possible  all  con- 
ditions that  were  conducive  to  disease,  either  by  the  sale  of  decomposed 
meats,  fruits  or  vegetables,  or  by  the  use  of  sick  or  suspicious  cows  for  the 
production  of  milk.  One  hundred  and  eighty-three  complaints  have  been 
attended  to.  Thirty-seven  barns  have  been  inspected,  several  of  which, 
beiug  in  a  filthy  condition,  I  have  caused  to  be  cleaned  and  rendered  fit  for 
use.  I  have  condemned  and  caused  to  be  destroyed  168  pounds  beef,  230 
pounds  corned  beef,  34  pounds  veal,  38  pounds  pork,  with  a  considerable 
quantity  of  other  meats,  fruits  and  vegetables.  There  have  been  1,581 
head  of  cattle  inspected ;  19  head  of  cattle  have  been  quarantined  ;  7  head 
of  cattle  have  been  killed." 

The  total  number  of  inspections  of  all  kind  for  the  year,  by  sanitary 
inspectors,  were  5,025. 

Maldbn. 

Complaints  have  been  numerous,  and,  as  in  previous  years,  largely  arise 
from  overflowing  cesspools  and  vaults.  This  condition  of  things  must,  we 
suppose,  continue  until  the  sewers  are  ready  for  use.  We  hope  and  believe 
the  present  year  will  see  many  of  the  worst  localities  connected  with  the 
system  of  sewers,  and  thus  enable  the  board  to  require  the  abandonment 
of  cesspools  and  privies,  where  they  are  now  and  must  continue  to  be  a 
constant  source  of  annoyance  and  complaint. 
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The  board  woald  still  arge  apon  the  city  council  the  need  of  a  contagiooB 
ward  that  would  be  wholly  under  the  control  of  the  city.  The  necessity 
for  such  a  ward  becomes  more  pressing  as  the  city  increases  in  population. 

Marblbhead. 

The  board  has  received  44  complaints,  many  of  which  were  occasioned 
by  the  annoying  and  unhealthy  odors  from  pig-sties  in  too  close  proximity 
to  dwelling-houses.  For  the  protection  of  the  public  health,  we  would 
recommend  that  no  person  be  allowed  to  keep  pigs  within  five  hundred 
feet  of  any  dwelling-house. 

Too  much  emphasis  cannot  be  laid  upon  the  importance  of  keeping  the 
drains  of  the  town  in  good  condition,  for  without  good  drainage  we  cannot 
hope  to  be  a  healthful  community. 

Marlborough. 

During  the  year  the  board  has  not  limited  its  work  to  the  removal  of 
causes  of  complaints,  but  has  endeavored  to  consider  and  investigate  any 
subjects  relating  to  the  health  of  the  city  which  have  been  brought  to  its 
attention.     In  all  there  were  abated  during  the  year  276  nuisances. 

A  mild  case  of  small-pox  or  varioloid  was  reported  to  the  board  January 
16.  The  city  council  voted  to  furnish  money  to  vaccinate  all  children 
whose  parents  desired  to  avail  themselves  of  free  vaccination.  Seven  of 
the  town  physicians  were  employed,  and  in  four  days  nine  hundred  of  the 
scholars  were  vaccinated  at  the  city's  expense.  The  other  children  of  the 
schools  were  inspected  and  required  to  show  satisfactory  marks  of  recent 
vaccination. 

For  account  of  Professor  Sedgwick's  investigation  of  epidemic  of  typhoid 
fever  in  Marlborough,  see  pages  765-774.  The  board  of  health  of  Marl- 
borough, in  behalf  of  the  citizens  and  for  themselves,  is  most  thankful  to 
the  State  Board  of  Health  for  this  investigation.  It  was  carefully  and 
rapidly  made  by  one  thoroughly  familiar  with  this  kind  of  scientific  work, 
and  the  conclusions  arrived  at  dispelled  the  fears  of  danger  from  the  water 
supply  and  certain  other  possible  sources  of  contagion. 

There  were  269  specifications  for  plumbing  filed  at  this  office,  186  for 
new  plumbing  and  83  for  alterations  and  additions.  The  alterations  in 
many  cases  consisted  of  the  entire  remodelling  of  the  plumbing,  the  work 
being  done  in  accordance  with  the  rules  of  the  board  of  health.  These 
rules  require  plumbers  to  register  at  this  ofiSce,  and,  before  proceeding  to 
construct  or  to  add  to  or  to  alter  any  portion  of  the  drainage  system  of 
buildings,  to  file  plans  of  the  proposed  work.  The  plans  must  show  the 
whole  work  in  detail  and  meet  with  approval  before  they  are  accepted  and 
a  permit  granted  to  proceed  with  the  work.  During  the  progress  of  the 
work  each  job  is  eflSciently  tested  by  hydraulic  pressure  to  insure  good 
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material  and  effective  workmanship.  Frequently  as  the  work  advances 
visits  of  iDspection  are  made.  During  the  year  235  hydraulic  pressure 
tests  and  four  peppermint  tests  and  more  than  500  miscellaneous  inspec- 
tions have  been  made. 

Matnabd. 

Through  the  efforts  of  the  board,  the  drainage  of  certain  portions  of  the 
town  has  been  much  improved. 

Medfobd. 

There  have  been  185  nuisances  reported,  all  of  which  have  been  satis- 
factorily abated. 

Melrose. 

An  important  element  in  the  spread  of  contagious  disease  is,  in  case  of 
an  infected  household,  the  frequent  and  exasperating  indifference  with 
which  the  residents  of  the  house  mingle  with  the  neighbors  and  the  com- 
munity. Cases  came  under  our  observation  where  members  of  a  sick  family 
would  stroll  leisurely  from  the  sick-room  directly  to  the  stores,  mingling 
with  the  people  there  and  along  the  streets.  So  serious  and  notorious  had 
become  this  wanton  neglect  in  so  important  a  matter,  that  the  board  had  a 
large  number  of  circulars  printed,  of  which  the  following  is  a  copy,  one  or 
more  of  which  was  taken  to  every  infected  house  by  the  officer  who  posted 
the  card :  — 

Officb  ot  the  Bo^bd  of  Hbaltk,  Mblbosb,  May,  1894. 
To  the  Householder, 

During  the  present  sickness  in  your  house  your  children  are  not  allowed  to 
attend  school  till  a  certificate  is  given  by  your  physician.  Children  and  other 
members  of  the  family  are  not  to  mingle  with  other  persons  unless  absolutely 
necessary,  and  then  only  under  precautions  given  by  your  physician.  No  visitors 
must  be  allowed,  and  every  care  must  be  used  not  to  spread  the  disease.  Any 
violation  of  these  rules  involves  a  severe  penalty. 

At  the  close  of  this  sickness  the  law  requires  that  the  infected  rooms  and  objects 

be  thoroughly  fumigated.    This  will  be  done  at  the  proper  time  under  the  control 

of  the  board  of  health. 

By  order  of  the 

Board  of  Health. 

The  amount  of  sickness  from  contagious  diseases  during  the  past  year, 
121,  was  notably  less  than  during  the  previous  year,  205. 

MiLFOBD. 

This  year  the  attention  of  the  board  has  been  called  more  especially  to 
the  want  of  care  paid  house  sewerage.  In  a  number  of  cases  we  have  been 
unable  to  reduce  nuisances  without  appealing  to  the  laws  governing  such 
cases ;  even  with  this  help  we  have  found  ourselves  decidedly  handi- 
capped. 
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MiLLBURT. 

The  public  naisance  caused  by  the  sewage  of  the  city  of  Worcester  in 
the  Blackstone  River  continues  unabated,  and  the  consequent  inconvenience, 
discomfort  and  danger  to  the  public  health  remain  practically  as  for  some 
years  past.  It  is  the  almost  unanimous  opinion  of  those  persons  best 
informed,  as  expressed  to  members  of  this  board,  that  at  no  time  has  the 
stench  from  the  river  been  more  offensive  than  at  times  during  the  past 
summer.  During  the  month  of  September  the  attention  of  the  board  was 
called  to  the  polluted  condition  of  the  river  by  parties  employing  a  large 
number  of  women.  Our  investigations  elicited  testimony  that  the  stench 
from  the  river  has  been  worse  during  the  past  season  than  ever  before, 
and  that  operatives  have  been  so  nauseated  and  sickened  by  it  as  to  force 
them  to  quit  work. 

The  number  of  neat  cattle  inspected  in  the  spring  was  706.  During  the 
year  the  inspector  has  discovered  and  placed  in  quarantine  5  cows  affected 
with  tuberculosis.  These  animals  were  killed,  and  an  autopsy  showed  each 
of  them  to  be  badly  diseased.  Three  cases  of  glanders  in  horses  have 
occurred,  and  the  animals  were  killed. 

Nahant. 

The  general  health  of  the  inhabitants  of  the  town  was  comparatively 
good.  There  was  no  epidemic  disease  and  only  two  cases  of  typhoid  fever 
in  town. 

Nantucket. 

The  town  has  been  remarkably  free  from  contagious  diseases. 

Natiok. 

Never  since  this  board  has  been  created  independent  of  the  selectmen 
has  there  appeared  such  willingness  on  the  part  of  our  people  to  comply 
with  exacting  sanitary  regulations,  and  this  feeling  has  materially  lightened 
the  burden  of  our  duties.  Complaints  for  poorly  constructed  drains,  vaults, 
cesspools,  etc.,  have  been  numerous,  and  as  a  rule  these  difficulties  cheer- 
fully remedied  after  inspection  and  citation. 

A  set  of  plumbing  regulations  was  drawn  up  by  the  board  and  submitted 
to  the  town  for  adoption. 

Nebdham. 

During  the  appearance  of  small-pox  in  certain  of  our  neighboring  cities 
an  effort  was  made  to  ascertain  the  number  of  unvaccinated  children  attend- 
ing our  schools;  as  a  result  of  this  investigation  by  the  health  officer, 
assisted  by  the  teachers,  between  seventy  and  seventy-five  pupils  were  found 
without  evidence  of  vaccination.  Feeling  that  at  least  our  children  should 
all  be  vaccinated  as  the  law  requires,  and  owing  to  the  straitened  circnm- 
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8t4iDces  of  many  of  our  citizens,  who  could  not  afford  the  expense  and  who 
were  compelled  to  take  their  children  from  school,  at  the  suggestion  of 
prominent  citizens  and  by  vote  of  the  board  vaccination  was  made  free  to 
all  pupils  of  the  public  schools  who  had  not  been  successfully  vaccinated. 
We  have  investigated  all  complaints  made,  and  acted  according  to  our 
best  judgment. 

New  Bedford. 

Voted,  That  the  order  of  Oct.  14,  1893,  be  amended  so  as  to  read  as 
follows :  — 

To  make  the  following  addition  to  the  list  of  diseases  in  the  opinion  of  the 
board  dangerous  to  the  public  health,  within  the  meaning  of  chapter  80,  section 
79,  of  the  Public  Statutes :  measles,  whooping-cough,  membranous  croup,  typhoid 
fever  and  typhus  fever. 

Voted,  That  the  board  assume  expense  of  all  tests  for  diphtheria  where 
patients  are  unable  to  pay  the  costs,  such  patients  to  procure  certificates 
from  the  overseers  of  the  poor. 

During  the  year  each  case  of  typhoid  fever  that  has  been  reported  to  the 
board  of  health  has  been  thoroughly  investigated.  We  believe  that  the 
comparatively  small  number  of  cases  of  typhoid  fever  reported  this  year 
has  been  in  a  measure  due  to  the  precautions  taken  by  the  board. 

Nbwburypobt. 

We  have  had  very  few  cases  of  contagious  diseases  the  past  year,  with 
the  exception  of  scarlet  fev^r,  which  shows  an  increase  of  4  cases  over  last 
year,  which  speaks  well  for  the  sanitary  condition  of  the  city.  Last  year 
we  had  55  cases  of  diphtheria  and  57  cases  of  typhoid  fever. 

The  board  of  health  publishes  a  code  of  plumbing  regulations,  and, 
unless  the  board  shall  authorize  variation  by  special  permit,  on  request  of 
the  owner,  the  drainage  system  of  a  hotel,  tenement-house,  dwelling-house, 
stable  with  sleeping  apartments,  factory,  shop  or  other  buildings  in  the 
city  of  Newburyport  shall  be  constructed  according  to  these  rules. 

Newton. 

The  health  of  the  city  has  been  about  the  same  as  the  average,  a  slight 
increase  of  scarlet  fever  during  the  first  quarter,  an  increase  of  diphtheria 
in  the  last  quarter  and  some  malaria  and  typhoid  fever  during  the  late 
summer  and  early  fall  being  customary. 

The  collection  of  garbage  has  been  made  by  contract.  The  contract 
requires  collections  to  be  made  three  times  a  week  between  April  1  and 
November  1  of  each  year,  and  twice  a  week  between  November  1  and 
April  1. 
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The  board  has  visited  the  cities  of  Philadelphia,  Pittsburgh  and  Alleghanj 
City,  Pa.,  Wilmington,  Del.,  and  Atlantic  City,  N.  J.,  and  inspected  the 
practical  workings  of  five  different  systems  of  garbage  disposal.  The  sub- 
ject is  now  under  consideration  by  the  board,  and  will  be  made  the  theme 
of  a  special  report. 

Action  has  been  taken  by  the  board  looking  to  the  abatement  of  oS 
nuisances  of  various  kinds,  and  many  others  have  been  abated  at  the 
request  of  the  agent  without  action  of  the  board. 

The  contagious  wards  of  the  Newton  hospital  have  again  demonstrated 
their  usefulness,  and  the  board  has  been  enabled,  by  sending  patients  there 
in  the  early  stages  of  disease,  to  remove  a  source  of  infection  and  prevent 
its  further  spread. 

The  question  of  closing  a  school  when  a  number  of  cases  of  contagious 
disease  occur  among  the  scholars  is  one  to  which  the  board  has  given  much 
thought.  A  great  deal  can  be  said  on  both  sides ;  but,  upon  the  whole, 
the  board  is  opposed  to  closing  a  school  except  under  extraordinary  condi- 
tions. The  plan  pursued  by  the  board  has  been  to  close  the  school  tem- 
porarily, and,  after  disinfecting  it  thoroughly  with  sulphur  and  corrosive 
sublimate,  to  allow  it  to  be  reopened.  As  a  further  precaution  against 
infection,  the  board  has  made  the  following  suggestion  to  the  superintend- 
ent of  schools,  t.  e.,  that  he  should  request  all  teachers  to  dismiss  from 
school  any  pupil  who  may  seem  to  be  ill,  and  promptly  notify  the  board, 
giving  the  name  and  address  of  the  pupil  so  dismissed.  On  receipt  of  such 
notification  the  board  will  have  the  child  examined  and  a  report  of  its 
condition  made  within  twenty-four  hours.  In  this  way  the  child  can  be 
isolated  if  necessary,  or  allowed  to  return  to  school  with  the  least  possible 
delay.  This  rule  will  hold  good  at  any  time,  whether  there  are  cases  of 
contagious  disease  among  the  scholars  or  not.  This  action  is  in  no  way 
intended  to  interfere  with  the  prerogative  of  the  family  physician,  as  the 
physician  sent  by  the  board  will  simply  report  upon  the  case,  and,  if 
necessary,  advise  that  the  regular  medical  attendant  be  called  in.  In  no 
case  will  the  board's  physician  be  expected  to  treat  the  patient  to  whom  he 
may  be  sent. 

The  board  is  establishing  stations  throughout  the  city  where  physicians 
can  obtain  culture  tubes,  and  by  leaving  the  specimen  at  the  station  it  will 
be  examined,  and  a  report  returned  at  the  earliest  possible  moment. 

Light  cases  of  scarlet  fever  are  often  unnoticed  by  parents  or  no  atten- 
tion is  paid  to  them,  and  they  pass  as  a  slight  ^^  cold  "  or  mild  attack  of 
''sore  throat,"  and  are  treated  with  domestic  remedies.  One  such  un- 
recognized case  occurring  during  recess  or  while  school  is  in  session  may 
expose  all  the  children  in  a  school  to  the  disease,  and  the  first  warning  the 
board  receives  is  when  the  reports  of  other  cases  reach  the  oflice.  By  that 
time  the  mischief  has  been  done,  and  all  the  board  can  do  is  to  try  to 
discover  the  source  of  the  disease  and  prevent  its  becoming  epidemic. 
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The  ideal  method  to  prevent  Boch  a  danger  is  to  have  a  medical  inspection 
of  the  school  children  every  morning.  This  is  of  course  at  present  im- 
practicable, although  it  would  be  possible  to  have  it  done  before  the 
reassembling  of  the  children  after  the  summer  vacation  and  after  each 
break  in  the  school  work  lasting  more  than  one  week.  Such  an  inspection 
in  all  probability  would  have  prevented  the  two  outbreaks  referred  to  and 
saved  the  lives  of  the  unfortunate  victims  in  the  Rice  school. 

It  is  an  undoubted  fact  that  malaria  has  been  on  the  increase  during  the 
past  few  years,  not  only  in  Newton  but  in  the  surrounding  cities  and 
towns ;  but  it  is  a  mistake  to  suppose  that  there  has  been  any  marked 
increase  in  Newton  during  1894.  At  the  close  of  the  season,  when  the 
increase  if  it  existed  would  have  made  itself  manifest,  the  board  addressed 
a  circular  letter  to  the  physicians  of  Newton,  asking  whether  they  had 
noted  an  increase  in  the  number  of  cases  of  malaria  over  the  corresponding 
season  in  1893,  and,  if  so,  what  in  their  opinion  was  the  cause  of  it.  Out 
of  twenty-three  answers  received  by  the  board,  sixteen  stated  that  they 
had  noted  no  increase.  In  the  opinion  of  those  who  had  found  an  increase, 
this  was  due  to  two  factors :  first,  the  lowness  of  the  water  in  the  Charles 
River  and  the  consequent  exposure  of  large  quantities  of  decaying  vegetable 
matter ;  and,  second,  to  the  turning  up  of  large  areas  of  fresh  earth  from 
the  various  improvements  going  on  throughout  the  city.  The  conclusions 
arrived  at  by  the  board  was  that  the  statistics  for  1894  show  no  more 
increase  than  would  naturally  be  expected  from  the  growth  of  the  city 
during  the  same  time,  and,  further,  that  the  relative  increase  is  less  than 
in  previous  yedrs. 

Only  29  cases  of  measles  were  reported  during  the  year,  against  548  for 
1893. 

Northampton. 

The  work  of  permanently  improving  the  sanitary  condition  of  the  city 
by  requiring  that  dwellings  situated  on  the  line  of  the  public  sewers  shall 
be  connected  with  them  has  received  the  greatest  share  of  the  attention  of 
the  board  this  year. 

The  board  would  draw  the  attention  of  the  city  council  to  the  need  of  a 
proper  hospital  for  the  treatment  of  contagious  diseases,  of  a  place  to 
bury  dead  animals  and  of  a  proper  dumping  ground  for  the  disposal  of 
rubbish. 

North  Andover. 

At  a  special  meeting,  held  Jan.  8,  1894,  it  was  Votedy  That  all  school 
children  who  have  not  been  duly  vaccinated  should  be  immediately  vacci- 
nated at  the  expense  of  the  town. 

Promptness  and  thoroughness  of  action,  firmness  and  impartiality,  coup- 
led with  good  judgment,  are  desirable  and  necessary  on  the  part  of  the  board 
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central  portion  of  our  city  with  greater  or  less  intensity  since  its  beginning. 
At  the  invitation  of  the  board  the  doctors  of  the  city  met  them,  and,  after 
a  carefal  interchange  of  views,  the  board  have  adopted  some  of  the  sug- 
gestions made,  and  at  this  writing  the  city  is  practically  free  from  the 
contagion.  It  may  be  well  to  record  that  in  some  of  the  later  cases  the 
antitoxine  treatment  has  been  tried  with  the  best  of  results,  and  it  is  to  be 
hoped  that  science  has  at  last  found  a  remedy,  if  not  a  preventive,  for  this 
alarming  disease. 

Reading. 

The  law  enacted  by  the  Legislature  of  1894,  which  is  ^^  An  act  relative 
to  the  licensing  of  plumbers  and  the  supervision  of  the  business  of  plumb- 
ing," has  been  attended  with  some  expense  to  the  town,  as  well  as  all 
towns  having  a  source  of  water  supply,  but  in  the  opinion  of  the  board 
will  be  repaid  tenfold  in  the  health  of  our  people.  Very  few  violations  of 
those  laws  have  occurred. 

Revere. 

There  was  not  much  scarlet  fever  and  diphtheria  in  Revere  till  about  the 
first  of  September ;  since  then  we  had  quite  a  number  of  cases,  more  of 
scarlet  fever  than  diphtheria. 

Salem. 

Membership  in  the  State  Association  of  Boards  of  Health  continues  to 
be  of  decided  value  to  this  department.  The  special  papers  presented  and 
subjects  discussed  afford  opportunities  for  obtaining  information  of  vital 
importance. 

Nearly  a  year  ago  we  changed  the  places  of  delivery  of  the  garbage  and 
refuse,  so  that  with  the  former  we  can  dump  it  at  places  easy  of  access 
and  avoid  stopping  our  teams  on  highways. 

This  board  believes  the  spreading  of  scarlet  fever  and  other  zymotic 
diseases  is  occasioned  by  the  thoughtless  intermingling  of  members  of 
afflicted  households  with  other  families,  and  to  prevent  the  same  some  more 
stringent  measure  than  those  in  vogue  will  have  to  be  adopted. 

Sauqus. 

A  very  large  number  of  complaints  have  been  made  to  the  board  to  abate 
nuisances  in  the  town.  We  have  personally  investigated  each  and  every 
one,  and  in  all  cases  where  a  nuisance  was  found  they  were  ordered  to 
abate  the  same,  which  has  been  done  by  every  one  ordered  so  to  do. 

SOMERVILLB. 

Number  of  nuisances  abated, 778 

Number  of  nuisances  complaiDed  of, 999 
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Eighteen  oases  of  glanders  and  one  of  tuberoalosis  have  occurred  daring 
the  year.  Prompt  action  was  taken  in  every  case,  and  the  horses  have 
been  killed. 

A  series  of  carefally  prepared  tables,  showing  the  deaths  and  death  rates 
from  several  infectious  diseases  in  the  different  wards  of  the  city,  is  pub- 
lished in  the  report. 

Taunton. 

No  change  has  been  made  in  the  method  of  collecting  and  disposing  of 
swill  and  garbage.  While  there  is  certainly  room  for  improvement  in  this 
matter,  the  time  has  not  yet  oome  for  the  outlay  of  a  large  sum  of  money 
to  accomplish  a  work  that  is  now  costing  the  city  nothing,  and  we  can  well 
afford  to  wait  until  a  thorough  trial  of  garbage  cremation  has  been  made 
in  other  places.  In  the  matter  of  disposing  of  night  soil  the  demand  for 
reform  is  more  urgent,  as  the  present  method  of  dumping  on  the  ground 
and  ploughing  in  is  certainly  open  to  serious  objections. 

At  the  request  of  the  school  committee  an  examination  into  the  sanitary 
condition  of  all  the  school-houses  in  the  city  was  made  during  the  summer 
vacation. 

There  has  been  comparatively  little  scarlet  fever  and  typhoid  fever,  but 
a  great  deal  of  diphtheria.  Never  since  diphtheria  was  required  to  be 
reported  have  there  been  so  many  cases  reported  in  so  short  a  time.  At 
the  same  time,  the  percentage  of  deaths  has  been  very  high.  This  epi- 
demic of  diphtheria  ought  to  teach  us  several  important  truths,  first  of 
which  is  the  urgent  need  of  a  hospital  for  contagious  diseases.  Perfect 
isolation  is  the  only  measure  of  checking  or  preventing  the  spread  of  diph- 
theria. This  is  obtainable  only  in  a  hospital  constructed  and  carried  on 
for  the  purpose.  It  is  true  that  in  the  houses  of  our  well-to-do  people 
fairly  good  isolation  can  be  and  often  is  maintained  ;  but  in  the  tenement- 
houses,  where  a  large  majority  of  the  cases  occur,  isolation  of  the  patient 
is  an  absolute  impossibility. 

Tewksbdry. 

In  the  early  spring  several  cases  of  diphtheria,  and  later  in  the  season 
several  cases  of  scarlet  fever,  were  reported  and  placarded  in  different  sec- 
tions of  the  town,  all  of  which  were  examined,  and  on  recovery  of  patients 
a  thorough  fumigation  of  the  premises  was  given. 

Late  in  the  fall  a  petition  was  sent  to  the  board,  remonstrating  against 
the  rendering  establishment  owned  and  operated  by  Darius  Whithed.  In 
compliance  with  the  said  petition  a  hearing  was  given  to  the  remonstrant, 
and,  after  careful  inspection  of  the  premises  by  the  board  and  the  inspector 
of  the  State  Board  of  Health,  it  was  declared  to  be  a  damage  to  surround- 
ing property  and  injurious  to  health.  In  accordance  with  that  decision 
notice  was  served  on  the  owner  of  said  establishment  that  on  and  after 
Feb.  28,  1895,  the  said  rendering  business  in  this  town  will  be  prohibited. 
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Waltham. 

The  pbyBiciaDB  of  Waltham  were  notified  by  the  board  that  they  could 
have  a  bacteriological  test  made  in  all  cases  by  applying  at  the  office  of  the 
board.  For  a  short  time  the  microscopical  work  was  done  gratnitoasly, 
but  as  the  work  increased,  owing  to  the  appreciation  of  its  benefits,  the 
authorities  of  the  medical  school  notified  the  board  that  a  charge  of  three 
dollars  would  be  made  for  each  examination.  In  this  emergency  the 
Waltham  hospital  came  forward  and  offered  to  fit  up  a  laboratory  for  the 
examination  of  the  cultures.  For  a  while  this  was  done,  and  Dr.  Chadwick 
took  the  cultures  and  qiade  the  microscopic  examinations  at  the  hospital. 
The  work  continued  to  increase  to  such  an  extent  that  Dr.  Chadwick  was 
unable  to  attend  to  it,  and  on  Jan.  11,  1895,  the  board  voted  to  appoint 
Allen  Greenwood,  M.D.,  to  be  physician  to  the  board  of  health,  and  to 
place  him  in  charge  of  the  contagious  disease  department.  The  board  also 
voted  to  keep  patients  isolated  in  all  cases  of  diphtheria  until  a  negative 
bacteriological  result  was  obtained,  that  is,  until  the  microscope  showed 
that  no  diphtheria  bacilli  were  left. 

It  was  during  this  year  that  the  practical  application  of  the  discovery  of 
a  diphtheria  antitoxine  was  made  in  Europe,  and  this  board,  realizing  its 
probable  advantages,  made  preparations  to  obtain  some  and  give  it  a  trial 
as  soon  as  possible.  The  board  was  fortunate  enough  in  December  to 
obtain  some  of  the  first  lot  available  in  this  country,  and  it  was  immediately 
used,  with  unquestionable  benefit.  Since  then  it  has  been  supplied  to 
physicians  and  the  hospital  by  the  board  free  of  expense,  and  has  proved 
effective  to  the  extent  that  the  only  deaths  since  the  first  of  December  were 
the  three  occurring  during  the  week  that  antitoxine  was  not  obtainable. 
Thus,  with  the  bacteriological  test  as  an  accurate  method  of  diagnosis  in 
all  cases,  and  diphtheria  antitoxine  for  the  treatment  of  the  severe  cases, 
this  board  feels  that  it  now  has  the  means  for  reducing  the  mortality  of 
this  disease  to  a  very  low  point.  It  is  well  here  to  emphasize  the  fact  that, 
in  order  to  get  the  most  benefit  from  the  antitoxine,  it  must  be  used  early. 
Another  good  thing  which  has  been  accomplished  this  year  is  in  requiring 
teachers  in  the  public  schools  to  dismiss  all  children  suffering  with  throat 
troubles,  and  requiring  a  certificate  from  this  board  or  from  a  reputable 
physician  before  their  return.  A  considerable  number  of  incipient  and 
mild  cases  of  diphtheria  were  in  this  way  discovered  and  properly  isolated. 

In  view  of  the  possibility  of  an  epidemic  of  small-pox,  the  board  opened 
two  public  vaccination  stations.  There  were  353  persons  vaccinated  at  the 
Main  Street  station,  and  205  at  the  Cutter  Street  station,  —  a  total  of  558. 

Waltham  is  to  be  congratulated  on  its  almost  complete  immunity  from 
typhoid  fever,  there  being  but  13  cases  reported  this  year.  During  the 
past  twenty-two  years  Waltham  has  had  fewer  cases  in  proportion  to  the 
number  of  inhabitants  than  any  other  city  in  the  Commonwealth,  and  this 
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excellent  showing  is  evidently  the  result  of  the  purity  and  general  use  of 

its  public  water  supply.     Most  of  the  cases  that  have  occurred  can  be 

traced  to  infected  well  water,  and,  knowing  this,  the  board  has  endeavored 

to  see  that  its  regulations  in  regard  to  wells  are  enforced. 

Since  the  new  contagious  hospital  was  built  by  the  city  the  Waltham 

hospital  has  greatly  enlarged  its  accommodations  for  contagious  cases, 

with  the  result  that  the  board  will  now  be  seldom  required  to  adopt  the 

expensive  expedient  of  running  a  hospital  on  its  own  account.     Yet  the 

city  has  performed  a  duty  in  erecting  the  contagious  hospital ;  for,  although 

cases  can  be  cared  for  much  more  cheaply  at  private  institutions,  there 

should  be  just  such  provision  as  the  city  has  made  for  those  emergencies 

when  we  cannot  obtain  the  services  of  such  institutions.    There  have  been 

treated  at  the  Waltham  hospital  27  cases  of  scarlet  fever  and  31  cases  of 

diphtheria. 

Ware. 

On  account  of  the  prevalence  of  small-pox  in  Chicopee,  Holyoke  and 
elsewhere  in  the  State,  in  May  last,  it  was  deemed  best  that  examination 
of  all  the  schools  should  be  made,  and  the  children  needing  it  vaccinated. 
The  expense  of  the  work  was  mainly  borne  by  the  town.  The  Otis  Com- 
pany and  the  George  H.  Gilbert  Manufacturing  Company,  during  the  sum- 
mer, also  required  revaccination  of  all  their  employees. 

There  has  been  no  serious  epidemic  here  during  the  past  year,  and  no 
deaths  reported  from  scarlet  fever,  measles  or  diphtheria.  Jaundice  pre- 
vailed during  the  fall  in  such  a  way  as  to  be  considered  epidemic.  Whoop- 
ing-cough has  traversed  the  town  generally  during  the  past  six  months,  with 
less  than  ordinarily  serious  results,  8  deaths  only  being  reported  therefrom. 

It  is  very  fortunate  that  there  have  been  no  cases  of  hydrophobia  among 
our  population,  as  fifteen  head  of  cattle  here  and  seven  more  just  over  the 
Enfield  town  boundary  line  have  been  lost  with  that  disease  during  the  last 
summer.  A  strange  hound,  in  the  early  part  of  April,  bit  a  farm  dog  used 
in  driving  cows,  and  on  May  11,  this  dog  became  mad  and  disappeared 
from  his  home,  on  which  date  two  dogs,  probably  but  one  of  them  affected 
with  hydrophobia,  coursed  through  the  north-western  pait  of  the  town  biting 
cattle  only,  then  disappearing  in  the  woods.  In  from  twenty-two  to  twenty- 
nine  days  afterward  nine  of  the  cattle  bitten  died  of  hydrophobia;  one 
lived  forty-seven,  another  sixty-eight,  days  after  being  attacked.  Only 
one  other  dog  became  mad  during  the  year,  and  that,  at  its  home  in  the 
village,  was  killed  by  the  inspector. 

Warren. 

The  past  year  has  been  unusual  in  the  history  of  the  town  for  prevalence 
of  contagious  disease.  There  have  been  41  cases  of  typhoid  fever.  For- 
tunately the  disease  was  generally  of  a  mild  character,  only  5  having  died. 
We  have  investigated  each  case,  as  it  occurred,  carefully,  and,  so  far  as  we 
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oould  discover,  have  decided  that  it  depended  upon  some  local  cause.  In 
several  instances  where  there  has  been  a  large  number  of  cases  in  one  fam- 
ily, and  not  extending  to  other  families  in  the  near  vicinity  (subject  to  the 
same  influences) ,  the  spread  of  the  disease  was  clearly  dependent  upon  want 
of  caution  and  cleanliness  in  the  care  of  the  sick.  With  our  present  sys- 
tem of  cesspools  and  wells  we  must  be  liable  to  the  prevalence  of  disease 
which  would  be  prevented  by  a  more  intelligent  disposal  of  our  sewage* 
We  hope  the  town  at  its  coming  annual  meeting  will  take  some  action  look- 
ing to  a  comprehensive  and  systematic  system  of  sewerage,  and  that  this 
action  will  precede  the  introduction  of  any  general  water  supply  for  domes- 
tic purposes. 

Wellesley. 

No  cases  of  typhoid  fever  have  been  reported  to  the  board  during  the  year. 
Six  instances  of  nuisances  have  been  complained  of,  all  of  which,  with 
one  exception,  have  been  remedied. 

Westfield. 

At  a  town  meeting,  held  April  6,  1893,  you  Voted^  That  the  Board  of 
Health  is  hereby  instructed  to  compel  persons  owning,  leasing  or  maintain- 
ing any  building  to  connect  with  the  public  sewer,  as  provided  in  chapter 
182  of  the  Acts  of  1890,  on  or  before  the  first  day  of  January,  1895. 

Your  board  construed  this  vote  as  mandatory,  and  have  endeavored  to 
enforce  it  with  strict  impartiality.  Frequent  and  urgent  notices  were  sent 
out,  and,  as  a  final  resort,  legal  measures  were  served  at  the  hands  of  a 
constable.  Entrances  were  made  from  the  opening  to  the  closing  of  the 
season  as  rapidly  as  property  owners  could  secure  attention  from  the 
plumbers. 

Sixty-eight  written  complaints  have  been  made  to  the  board,  and  in  each 
case  we  have  personally  inspected  the  premises  complained  of,  and  where 
nuisances  were  found  ordered  them  abated.  We  have  also  abated  many 
nuisances  where  no  complaint  was  lodged. 

Westford. 

The  town  has  been  reasonably  free  from  infectious  diseases,  although 
scarlet  fever  has  prevailed  in  a  mild  form,  more  or  less,  during  the  year. 
Two  fatal  cases  of  typhoid  fever  occurred  in  Graniteville,  all  in  one  family. 
Two  others  of  the  same  family  contracted  the  disease,  but  were  removed 
to  the  hospital  in  Lowell  and  recovered.  Investigation  was  made  to  trace 
the  origin  of  the  disease.  The  buildings  and  their  surroundings  were 
examined  and  the  water  from  the  wells  analyzed,  but  nothing  of  a  typhoid 
character  could  be  found,  and  from  the  best  information  we  are  confident 
it  originated  outside  of  this  town. 

Upon  receiving  notice  of  a  contagious  disease  we  have  at  once  quaran- 
tined the  premises  by  posting  cards  of  warning,  which  have  been  respected 
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very  generally  by  the  parties  affected  and  the  public.  A  few  cases  have 
been  reported  to  us  where  these  notices  have  not  been  complied  with,  where 
the  inmates  as  well  as  their  neighbors  have  mingled  together  too  freely, 
and  by  so  doing  tend  to  spread  the  disease  as  well  as  to  alarm  the  neighbor- 
hood. It  should  be  understood  that  a  notice  of  a  contagious  disease  is  put 
up  for  the  purpose  of  isolating,  as  much  as  possible,  those  affected  and 
the  immediate  family,  and  no  one  should  go  into  the  quarantined  buildings 
unless  he  is  obliged  to  do  so  on  account  of  furnishing  supplies  or  other 

necessities. 

Weston. 

Several  nuisances  have  been  attended  to,  but  in  one  or  two  instances  the 
parties  evinced  a  disposition  to  make  as  little  improvement  as  possible,  and 
this  board  feels  that  in  such  cases  severe  measures  should  be  employed  in 
the  future. 

There  has  been  much  complaint  the  past  summer  in  regard  to  the  feed- 
ing of  city  swiU,  and  we  think  that  unless  more  care  is  taken  it  will  be 
necessary  to  forbid  the  use  of  it  entirely  during  the  hot  weather. 

Whitmak. 

In  many  instances  people  have  found  fault  with  the  board  for  placarding 
their  houses,  and  in  many  others  the  board  has  been  condemned  for  not 
being  more  strict. 

Demands  have  been  made  that  adult  persons  living  in  the  same  family 
with  a  light  case  of  scarlatina  should  be  kept  from  going  to  their  work  in 
the  factories ;  but  the  board  decided  that,  after  posting  warning  cards  and 
notifying  as  above,  they  would  go  no  further  unless  in  case  of  special  com- 
plainty  this  being  more  than  had  ever  been  deemed  necessary  in  a  country 
town  before. 

Winchester, 

Care  has  been  taken  by  the  board  of  health  to  prevent  the  spread  of  con- 
tagious diseases.  School-houses  have  been  fumigated  with  more  than 
ordinary  care  whenever  two  or  more  cases  have  been  reported  from  them. 
We  have  also  given  personal  attention  to  the  fumigation  of  the  houses  in 
which  severe  or  fatal  cases  of  diphtheria  or  scarlet  fever  have  occurred. 

The  attention  of  the  school  committee  has  been  called  to  the  custom  of 
daily  distribution  of  books,  slate  pencils,  rubbers  and  sponges,  and  we 
believe  that  this  custom  has  been  corrected  to  some  extent,  but  we  still 
feel  that  it  is  a  most  prolific  means  of  spreading  contagious  diseases,  and 
should  be  done  away  with  entirely.  Each  pupil  should  own  and  use  his 
own  books,  sponge,  pencils  and  rubber,  and  it  would  be  wisdom  for  the 
town  to  furnish  such  materials  free  to  all  who  cannot  afford  to  buy,  and  to 
let  others  buy  their  own.  We  believe  also  that  it  is  very  desirable  fre- 
quently to  remove  dust  from  the  school-rooms  by  wiping  floor  and  furniture 
with  a  damp  cloth,  time  having  been  allowed  for  the  dust  in  the  air  to  set- 
tle undisturbed. 
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WiNTHROP. 

The  tank  at  Short  Beach  has  been  used  for  receiving  the  material  taken 
from  cesspools  and  vaults,  the  same  as  for  the  two  previous  seasons.  We 
have  had  no  troable  with  the  receiving  tank.  It  has  proved  to  be  a  very 
easy,  inexpensive  and  the  most  unobjectionable  way  of  disposing  of  the 
material  taken  from  the  cesspools  and  vaults  in  the  parts  of  the  town 
where  we  are  as  yet  without  a  public  sewer. 

The  general  work  of  the  board  the  past  season  has  been  unusually  large, 
and  the  importance  of  a  health  department  is  made  more  manifest  every 
year  as  our  beautiful  town  increases  in  population. 

Various  buildings  found  in  an  unhealthy  state  during  the  past  season 
were  ordered  to  be  put  in  good  sanitary  condition.  A  large  number  of 
complaints  of  various  kinds  were  made  to  the  board,  and  all  were  investi- 
gated without  delay,  and  where  any  nuisance  was  found  to  exist  it  was 
promptly  ordered  abated. 

The  regulations  of  the  board  appeared  for  the  first  time  in  neat  pamphlet 
form,  making  them  more  convenient  to  handle,  and,  as  each  regulation 
was  placed  under  its  proper  heading,  reference  to  the  same  was  made  easy. 

The  health  of  the  town  the  past  season  has  been  remarkably  good. 

WORCSSTER. 

Number  of  complaints  for  the  year  ending  Dec.  31, 1894, 1,476.  Rooms 
fumigated,  584. 

To  render  more  certain  the  diagnosis  in  cases  of  diphtheria,  the  board  of 
health  established,  in  September  last,  a  bacteriological  department.  This 
department  has  already  justified  its  introduction  during  the  short  time  it 
has  been  established,  many  cases  that  the  physician  in  attendance  did  not 
recognize  as  diphtheria  proving  to  be  such,  and  many  others  which  were 
thought  to  be  so  proving  on  examination  to  be  simply  tonsillitis.  The 
families  in  these  latter  cases  were  saved  annoyance  and  expense,  to  say 
nothing  of  the  anxiety  and  dread  they  were  spared ;  while  in  the  former 
cases  the  early  detection  of  the  dread  character  of  the  disease  gave  oppor- 
tunity for  instituting  means  to  check  its  ravages  and  prevent  its  spread. 
Since  the  establishment  the  physicians  of  the  city  have  generally  availed 
themselves  of  its  aid. 

It  is  to  be  hoped  that  no  unnecessary  delay  will  occur  in  providing  the 
accommodations  required  for  isolating  cases  of  contagious  diseases.  If 
unnecessary  delay  does  take  place,  the  question  naturally  arises.  Would 
not  the  city  be  liable  for  the  expense  and  injury  done  to  the  business  of  a 
hotel  keeper,  for  instance,  by  an  outbreak  of  contagious  disease  among  his 
guests  or  employees  and  the  consequent  stoppage  of  the  business  ;  or,  again, 
if  an  outbreak  should  occur  in  any  of  the  educational  institutions  of  the 
city,  in  consequence  of  which  the  school  would  be  forced  to  close,  would 
not  the  city  be  liable  ? 
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Illegitimate xlviil 

Plural xllx 

Stlll-blrths 1 

In  cities  and  towns  having  over  10,000  Inhabitants  xclv-xcvl 


INDEX.  8fi8 

BlackstQue,  examination  of  water  from  Emerson  Brook  and  the  Lower 
Ironstone  Reservoir  in  Uxbridge,  and  from  Fox  Brook  in  Black- 
stone 84 

Water  supply  of,  adylce  of  the  Board 10 

Blackstone  River,  examination  of 870 

AtMillville 879 

At  Uxbridge 878 

Below  the  Worcester  Precipitation  Works 876 

Between  Mill  Brook  Channel  and  the  Worcester  Precipitation  Works .  874 

Worcester  Sewage  Purification  Works 870 

Bine  Hill  River  at  Braintree 296 

Boston,  consumption  of  water  in 409 

Health  of 819 

Vital  statiittics  of xciv,  xcvi 

Water  supply  of,  examination  of : 
Sudbury  River  supply,  — 

lodian  Brook  at  head  of  Reservoir  No.  6,  Hopklnton     ...  87 

Reservoir  No.  6,  Ashland 88,  89 

Cold  Spring  Brook  at  head  of  Reservoir  No.  4,  Ashland  91 

Reservoir  No.  4.  Ashland 92 

Sudbury  River  at  head  of  Reservoir  No.  2,  Ashland        ...  94 

Reservoir  No.  2,  Framingham 95 

Walker's  Brook,  Marlborough 97 

Stony  Brook  at  head  of  Reservoir  No.  8,  Southborough  98 

Reservoir  No.  8,  Framingham 99 

Cochituate  Supply,  — 

Lake  Cochituate,  Wayland 101 

Water  from  .faucet,  Massachusetts  Institute  Technology  108 
Mystic  Supply,  — 

Mystic  Lake 105 

Cochituate  Works,  consumption  of  water 409 

My>tic  Works,  consumption  of  water 409 

Examination  of  water  from  Lower  Mystic  Lake 107 

Examination  of  water  from  Jamaica  Pond 107 

Heights  of  water  in  lakes  and  storage  reservoirs 109 

Bottomly  Pond,  Paxton 862 

Bradford,  Health  of 826 

Water  supply  of,  examination  of 109 

Chadwlck's  Pond Ul 

Distributing  Reservoir Ill 

Wells 110 

Brain  diseases,  mortality  f^om Ixiii,  Ixxxvli 

Braintree,  consumption  of  water  in 409 

Water  supply  of,  examination  of    .                .                                        .  112 

Faucet 1J8 

FUter-gallery 112 

Little  Pond 114 

Brant  Rock,  Marshfield,  water  supply  of,  examination  of    .  280 

Breed's  Pond,  Lyqn        . 207 

Bridgewater.  health  of. 826 

Bridge  water  and  East  Bridgewater,  consumption  of  water  in      .        .        .  409 
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Brockton,  consumption  of  water  in 409 

Health  of 826 

Vital  statistics  of zciy,  zcri 

Water  supply  of,  examination  of 115 

Adyice  of  Board 11 

Aeration  in  open  tank 118 

Salisbury  Brook 115 

Salisbury  Brook  Storage  Rost^rvolr 116 

Height  of  water  in  Salisbury  Brook  Storage  Reservoir      ...  119 

Under-dratns  beneath  sewers 119 

Brookfield,  pollution  of  Seven -mile  River,  advice  of  Boarrl          ...  63 

Water  supply  of,  examination  of 119 

Advice  of  Board 13 

South  Pond  .      • 120 

Brookline,  consumption  of  waU-r  in 409 

Health  of 827 

Vital  statistics  of xcv,  xcvil 

Water  supply  of,  examination  of 120 

Charles  River,  opposite  filter-gallery  at  West  Roxbury       ...  122 

Covered  reservoir 122 

Faucet 121 

Filter-gallery  and  tubular  wells 121 

Brown's  Pond,  Peabody 282 

Buckmaster  Pond,  Dedham 275 

Bummet  Brook,  East  Branch  of,  Grafton 163 

Burncoat  Pond,  Leicester 195 

Butter,  inspection  of 738 

Cambridge,  consumption  of  water  In 409 

Health  of 828 

Vital  statistics  of xciv,  xcvi 

Water  supply  of,  examination  of 122 

Fresh  Pond 123 

Hobb's  Brook,  Waltham 127 

Stony  Brook  Storage  Reservoir,  Waltham 125 

Heights  of  water  in  pond  and  reservoir 127 

Cancer,  mortality  from Ixlil,  Ixxxvl 

Canned  goods,  inspection  of 740 

Canton,  consumption  of  water  In 409 

Health  of ,         .  881 

Water  supply  of,  examination  of 128 

Cape  Pond,  Rockport 804 

Cassia,  inspection  of 739 

Cayenne,  Inspection  of   . 739 

Cedar  Meadow  Pond,  Leicester 195 

Cerebro-splnal  meningitis,  mortality  from xc 

Chadwlck's  Pond,  Bradford Ill 

Chambray  Brook,  Belchertown 83 

Charles  River,  examination  of  water  of 880 

AtMllford 241 

At  South  Natick 880 
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Cbarlea  River —  Concluded. 

AtWaltham 881 

At  West  Boxbory 122 

Charles  River,  Improvement  of civ 

Report  of  the  Joint  Board  upon cxxxill 

Chebacco  Lake,  Essex  and  Hamilton 188 

Cheese,  inspection  of 788 

Chelsea,  consumption  of  water  In  (see  Boston,  Mystic  Works)  •               •  409 

Vital  statistics  of xciv,  xcvl 

Water  supply  of  (see  Boston,  Mystic  Works) 128 

Chemical  precipitation  of  sewage  by  sulphate  of  alumina    ....  464 

Chester,  water  supply  of,  examination   of 129 

Austin  Brook  Reservoir 129 

Chicopee,  milk  of 766 

Vital  statistics  of xcv,  xcvll 

Water  supply  of,  examination  of 129 

Cooley  Brook  and  Cooley  Brook  Reservoir 129 

Morton  Brook  Reservoir 180 

Receiving  Basin  at  pumping  station 180 

Chocolate,  Inspection  of 742 

Cholera  infantum,  mortality  from Ixll,  Ixiv,  Ixxlv 

By  ages Ixxv 

By  months Ixxv 

By  sex Ixxv 

Cities,  mortality  of xcli 

Cities  and  towns,  advised  with  regard  to  water  supply  and  sewera/re          .  5 

Consumption  of  water  in .  409 

Date  of  construction  of  water  works 408 

Number  of,  having  public  water  supplies 407 

Ownership  of  water  works 408 

Claflln  Pond,  Milford,  analysis  of  water 240 

Clark,  H.  W.,  Physical  and  chemical  properties  of  sand,     ....  708 

Clinton,  vital  statistics  of xrv,  xcvll 

Cloves,  inspection  of 789 

Cochituate  Lake  (Boston  Water  Works) 101 

Coffee,  inspection  of 742 

Cohasset,  consumption  of  water  In 409 

Water  supply  of,  examination  of 180 

Tubular  wells 181 

Tubular  test  well 182 

Cold  Spring,  Plymouth 287 

Cold  Spring  Brook,  Ashland 91 

Color,  removal  of,  from  Merrimack  River  water  by  experimental  filters  at 

Lawrence 488 

Composition  of  water  of  deep  wells  in  Boston  and  vicinity ;  by  Thomas  M. 

Drown,  M.D.,  Chemist  of  the  Board 421 

Conant  Brook,  Monson 248 

Concord,  health  of 882 

Sewage  disposal,  advice  of  the  Board 64 

Water  supply  of,  examination  of 182 

Sandy  Pond,  Lincoln 182 

Tubular  wells  at  the  Massachusetts  Reformatory 183 
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Concord  and  Sudbury  Meadows,  improvement  of cTiii 

Confectionery,  tnspectton  of .        .  742 

Consumption,  mortaHty  from,  1851-1893               .  -      .        .  •      .        .        .  Ixzvii! 

Weekly  summary  of  deatiis                             783 

Mortality  by  sexes  and  ages Ixxix 

Mortality  by  months  -      .        .        .  - Izxx 

Effect  of  density  of  population Izxxi 

Effect  of  geographical  distribution Izxxi 

Special  death  rates  of  cities  and  towns    .        .        .  •      .        .        .        .  Ixxxii 
Consumption  of  water  in  yarious  cities  and  towns,  statistics  relating 

to 409 

Cooley  Brook,  Longmeadow  .        .  • 201 

Cooiey  Brook  and  Cooley  Brook  Reservc^r,  Chlcopee 139 

Coolidge  Brook  Reservoir,  Orange         278 

Cottage  City,  consumption  of  water  in  . 409 

Health  of .* 832 

Water  supply  of,  examination  of 134 

Coy's  Pond.  Wenham 140 

Cream,  inspection  of 738 

Cream  of  tartar,  inspection  of 742 

Creek  Brook,  Haverhill 167 

Cropping,  effect  of  growing  crops  In  sewage  filters       .        .        .  *      .        .  493 

Crystal  Lake,  Gardner •      .        .  151 

Crystal  Lake,  Haverhill  .        .        .  • 165 

Crystal  Lake,  Wakefield 326 

Dalton,  Fire  District,  water  supply  of  .                        135 

Danvers,  water  supply  of,  examination  of 135 

Middleton  Pond 135 

Swan's  Pond,  North  Reading  .' 135 

Danvers  and  Middleton,  consulnptiOn  of  water  in 409 

Dark  Brook,  Auburn 81 

Death  rate  from  infections  diseases  in  Massachusetts,  1874-1898         .  Ixiii,  Ixiv 

Deaths  and  death  rates 1 

Deaths,  total,  reported  mortality,  1894 782 

Under  five  years,  reported,  1894 782 

By  sexes H 

By  seasons Ill 

By  counties hil 

By  ages liii 

Of  infants  (table) Ivli 

At  old  age Ivii 

At  early  ages  from  certain  causes  by  single  years Ixxxlx 

Comparative  mortality  of  Massachusetts,  1885,  1890  (table)  .        .  ci 
Comparative  mortality  of  14  countries  as  compared  with  that  of 

Massachusetts  (table) cli 

In  cities  and  towns  having  over  10,000  Inhabitants        .        .  xciv-xcvi 

Causes  of,  by  classes lix 

Statistics  of  certain  causes  of  death,  1874-1898  (table)         .  Ixii,  Ixili 

Statistics  of  certain  causes  of  death,  1893 hcl 

From  ten  prominent  causes,  1884-1893  (table; Ix 
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Deatli§ — Concluded* 

From  ten  specified  causes  by  sexes,  months  snd  ages,  thirty-three 

years,  1861-1898  (toble) Ixiv,  Ixv 

Monthly  mortality  from  ten  causes  reduced  to  a  standard  of  100  •  IxyI 

Beath  rates  by  sexes  and  ages  from  ten  causes,  1861-1898  (table)        •  Ixyll 

Deaths  from  same  canses  for  1898 Ixviil,  Ixlx 

From  different  causes  in  Massachusetts,  England  and  (Germany,  1892, 

1898 Izxxix 

Summary  of  weekly  mortality  reports  from  cities  and  towns       .  779 
Returns  of,  from  cities  and  towns  having  a  population  of  more  than 

5,000 800-813 

Dedham,  consumption  Qf  water  lA 409 

Health  of 838 

Water  supply  of,  examination  of 186 

Deerfleld,  pollution  of  Qreen  River,  advice  of  Board 63 

Deerfleld  River,  examination  of 880 

Above  Shelbume  Falls 881 

At  Deerfleld 881 

Dlarrhcaal  diseases,  weekly  summary  of  deaths 787 

Dike's  Brook  Storage  Reservoir,  Gloucester 158 

Diphtheria,  antltoxine  ip        .       , evil 

Diphtheria  and  croup,  mortality  from Ixil,  Ixiv,  Ixxii 

By  ages Ixxiii 

By  months Ixxlii 

By  sexes Ixxii 

Reported  cases  of 788,  789 

Weekly  summary  of  deaths 785 

Dissolved  oxygen  in  sewage  from  Lawrence  Street  sewer   ....  458 

Distributing  Reservoir,  Lawrence 198 

Doane  Pond,  North  Brookfleld 269 

Dog,  experiment  with  carcass  of,  in  filter 570 

Drown,  Thomas  M.,  M.D.,  composition  of  water  of  deep  wells  in  Boston 

and  vicinity 421 

Drugs,  inspection  of 751 

Dudley,  water  supply  of 127 

Advice  of  Board 14 

Dug  Pond,  Natick 248 

Dysentery,  mortality  from Ixiv,  Ixxxv 

By  ages Izxxvi 

By  months Ixxxv 

By  sex Ixxxv 

East  Bridgewater,  consumption  of  water  in  (see  Bridgewater)                    .  409 

Health  of 833 

Easthampton,  health  of 834 

Water  supply  of,  examination  of 137 

East  Meadow  River,  Haverhill 167 

Easton,  North  Easton  Village  District,  water  supply  of,  examination  of     .  137 

Easton,  consumption  of  water  in 409 

Echo  Lake,  Milford 240 

Elder's  Pond,  LakeviUe 821 
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BmersoQ  Brook,  Uxbridge 84 

England,  death  rates  from  certain  caases,  1898 Izixix 

Erysipelas,  mortality  from    ...       % Isxzrii 

Weekly  summary  of  deaths     • T87 

Essex,  Beck's  Pond,  Hamilton 140 

Chebacco  Lake,  Essex  and  Hamilton              138 

Coy's  Pond,  Wenham 140 

Grayelly  Pond,  Hamilton 140 

Bonnd  Pond,  Hamilton 1S9 

Tabular  well  at  Cadet's  Camp  Qronnd 141 

Everett,  consumption  of  water  in  (see  Boston,  Mystic  Works)    ...  409 

Health  of 884 

Vital  sUtistics  of xc¥,  xcril 

Water  supply  of,  examination  of  (see  Boston,  Mystic  Work  a)  141 

Tubular  test  well  In  Bradley  Meadow 141 

Examination  of  rivers •        .        .        .  365 

Examination  of  water  supplies 71 

Explanatory  note 71 

Expenditures cxH 

Experiments  upon  the  puriflcation  of  sewage  by  filtration  at  the  Lawrence 

Experiment  Station 445-574 

Experiments  upon  the  puriflcation  of  water  by  filtration  at  the  Lawrence 

Experiment  Station 675-700 

Fairhaven,  consumption  of  water  in 409 

Water  supply  of,  examination  of 14S 

Tubular  wells 14S 

Fall  River,  consumption  of  water  In 409 

Health  of 885 

Vital  statistics  of xclv,  xcvl 

Water  supply  of,  examination  of 148 

North  Watuppa  Lake 148 

Falmouth  Heights,  water  supply  of,  examination  of 143 

Fats  in  Lawrence  sewage,  storage  and  removal  of,  from  filters  ...  490 

Fernwood  Lake,  Gloucester 159 

Filters,  experimental,  for  sewage  puriflcation  at  Lawrence,  construction  of  542 

Experimental,  for  water  puriflcation  at  Lawrence,  construction  of       .  677 

Flsk  or  Hinsdale  Brook,  Shelburne 164 

Fltchburg,  health  of 835 

Vital  statistics  of xclv,  xcvi 

Water  supply  of,  examination  of 144 

Meeting-house  Pond,  Westminster 146 

Scott  Keservolr 144 

Wyman's  Reservoir 147 

Floating  Bridge  Pond,  Lynn 818 

Flow  of  streams 417 

Food  and  drug  inspection cvi,  711 

Number  of  samples  examined 71S 

Summary  of  work  done  during  the  year 718 

Summary  of  work  of  previous  years       ...*...  716,716 

Adulterated  milk 790 
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Food  EDd  drag  iDspectlon —  Oonclvded^ 

Food  other  than  mtlk 718,719 

Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated  milk  728 
Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated 

food  other  than  milk 722 

Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated 

drugs 722 

Expenditures 729 

Fines 728 

Prosecutions 724 

Report  of  Dr.  C.  P.  Worcester,  on  analyses  of  food  and  drugs  781 

Report  of  Prof.  C.  A.  Qoessmann,  on  the  milk  of  western  Massachusetts  755 

Foxborongh,  consumption  of  water  In 409 

Foxborough  Water  Supply  District,  water  supply  of,  examination  of  .  147 

Tubular  wells 147 

Fox  Brook,  Blackstone 84 

FramlDgham,  condition  of  Sudbury  River  at,  advice  of  the  Board  64 

Consumption  of  water  in 409 

Health  of 887 

Reservoir  No.  2,  Boston  Water  Works 95 

Reservoir  No.  8,  Boston  Water  Works 99 

State  Camp  Ground,  water  supply  of 149 

Water  supply  of,  examination  of 148 

Faucet 149 

Filter  gallery 148 

Under-dralns  beneath  sewers 150 

Franklin,  consumption  of  water  in 409 

Health  of 887 

Water  supply  of,  examination  of 151 

Fresh  Pond,  Cambridge 128 

Fulling  Mill  Pond,  Hingham 170 

Gardner,  consumption  of  water  In 409 

Health  of 837 

Water  supply  of,  examination  of 151 

Crystal  Lake 151 

Gates  Pond,  Berlin 179 

General  Report vli 

Germany,  deaths  from  certain  causes,  1892 Ixxxlx 

Ginger,  inspection  of 789 

Glanders,  mortality  from Ixxxviii 

Glen  Brook  Reservoir,  Greenfield 168 

Glen  Lewis  Pond,  Lynn 213 

Gloucester,  consumption  of  water  in 409 

Health  of 887 

Vital  statistics  of xciv,  xcvi 

Water  supply  of 152 

Advice  of  Board 14 

Dike's  Brook  Storage  Reservoir 158 

Faucet  at  City  Hall 155 

Wallace  Pond 154 
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Gloacester  —  Conclttded, 

Brook  crossing  Magnolia  Avenue 158 

Brook  flowing  from  Magnolia  and  Cedar  swamps 158 

Fernwood  Lake 159 

Haskell's  Brook 161 

Lily  Pond  Brook 156 

Norman's  Woe  Brook 159 

Ooessmann,  Prof.  C.  A.,  report  on  milk  of  western  Massachasetts      .        •  755 

Qraflon,  water  sapply  of,  examination  of     ......        .  162 

Filter-gallery .,.!..  162 

Gravelly  Pond,  Hamilton 140 

Great  Pond,  Randolph  and  Bralntree 296 

Great  Popd,  Weymouth 346 

Great  Quittacas  Pond,  Lakeville 254 

Greenfield,  health  of       ..........        .  838 

Water  supply  of,  examination  of 168 

Advice  of  Board 16 

Fisk  or  Hinsdale  Brook,  Shelburne                      164 

Glen  Brook  Reservoir 163 

Workman  Brook,  Colraln 164 

Green  Harbor  River xxix 

Green  River  (Deerfleld),  pollation  of,  advice  of  Board         ....  63 

Examination  of,  in  Greenfield  and  Deerfleld 382 

Groveland,  Johnson's  Fond 164 

Haggett's  Pond,  Andover 75 

Haskell's  Brook,  Gloucester 161 

Haverhill,  health  of 838 

Sewage  disposal,  advice  of  the  Board 55 

Vital  statistics  of ,        .        .        .         xciv,  zcri 

Water  supply,  examination  of                                 165 

Creek  Brook 167 

Crystal  Lake 165 

East  Meadow  River       ....,,,,..  167 

KenozaLake 165 

Lake  Pentucket 166 

Lake  Saltonstall 166 

Little  River 167 

Hawkes  Brook,  Methuen 237 

Haynes  Reservoir,  Leominster        ..........  196 

Head,  effect  of  lo8S  of,  upon  bacterial  purification  of  water        ...  687 

Loss  of,  daily  records 69^700 

Health  of  towns clx,  815-860 

Heart  diseases,  mortality  from Ixiii,  lxxx\'ii 

Heights  of  water  in  ponds  and  reservoirs : 

Berlin,  Gates  Pond ,        .        .        .  179 

Boston  Water  Works,  lakes  and  storage  reservoirs       ,        .        .        .  109 

Brockton,  Salisbury  Brook  Storage  Reservoir       .....  119 

Cambridge,  pond  and  reservoir      .        , 127 

Hudson,  Gates  Pond,  Berlin 181 

Lynn  and  Saugus,  ponds  and  storage  reservoirs    ......  220 
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Heights  of  water  In  poods  and  resenroin  —  Concluded. 

Maiden,  Medford  and  Melrose,  Spot  Pond      ......  22S 

Natick,  Dug  Pond 849 

New  Bedford,  Acushnet  Resenrolr  and  Uttle  Qulttacas  Pond       •  263 

Norwood,  Buckmaster  Pond  (Dedham) 275 

Quincy,  Storage  Reservoir 294 

Salem  and  Beverly,  Wenham  Lake 308 

Springfield,  Ludlow  Reservoir        .       ' 314 

Hingham  and  Hull,  water  supply  of,  examination  of 163 

Advice  of  Board 17 

Accord  Pond,  Hingham 163,  171 

Fulling  Mill  Pond,  Hingham 170 

Examination  of  water  from  various  sources  for  an  additional  water 

supply 171 

Hinsdale  Fire  District,  Hinsdale,  water  supply  of,  examination  of      .  172 

Storage  Reservoir 172 

Hobb's  Brook,  Waltham 127 

Holbrook,  consumption  of  water  In  (see  Randolph) 409 

Water  supply  of  (see  also  Randolph) 173 

Holden,  examination  of  water  in  (see  Nashua  River) 173 

Holliston,  water  supply  of,  examination  of 174 

Holyoke,  milk  of 756 

Vital  Htatlstics  of xciv,  xcvi 

Water  supply  of,  examination  of 176 

Advice  of  the  Board 20 

Ashley  Pond 177 

Whiting  Street  Storage  Reservoir 175 

Wright  Pond 177 

Honey,  inspection  of 742 

Hoosac  River,  examination  of 882 

At  Wllllamstown 383 

Hopedale,  water  supply  of,  examination  of  (see  Milford)     ....  240 

Horn  Pond,  Woburn 356 

Housatonlc  River,  examination  of,  at  New  Lenox 384 

Hogs,  report  upon  experiments  in  feeding,  at  a  State  institution  where 
trichinosis  among  the  swine  had  been  unusually  prevalent;  by 

Prof.  E.  L.  Mark 757 

Hudson,  health  of 839 

Sewage  disposal  of,  advice  of  Board 57 

Water  supply  of,  examination  of 179 

Gates  Pond,  Berlin ,        .  179 

Heights  of  water  in  Gates  Pond,  Berlin 181 

Hall,  health  of 839 

Water  supply  of  (see  Hingham) 181 

Hyde  Park,  consumption  of  water  In 409 

Health  of 839 

Vital  statistics  of xcv,  xcvil 

Water  supply  of,  advice  of  the  Board 21 

Hyde  Park  and  Milton,  water  supply  of,  examination  of  water  of  181 

Faucets 183,  184 

Neponset  River 186 
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Hyde  Park  and  Milton  —  Concluded. 

New  six-inch  tabular  wells 186 

Wells 182 

Hyde  Park  Water  Company,  advice  of  Board 23 

Hydrophobia,  mortality  from IxxxyIU 

» 

Ice,  impare,  ttom  Ware's  Pond,  Marblehead xxx 

IlleglUmate  births.     (See  Births.) 

Improvement  of  Charles  River civ 

Improvement  of  Concord  and  Sadbnry  meadows cviii 

Indian  Brook,  Hopklnton 87 

Infant  mortality Ivii 

Infectious  diseases vlil 

Notification  of xxxii 

Cases  of,  reported  to  the  Board,  1894 7BS 

Ingalls'  Brook,  Monson 243 

Inspection  of  food  and  drags.     (See  Food  and  Drug  Inspection.) 

International  vital  statistics xl 

Ipswich,  health  of 840 

Water  supply  of 188 

Advice  of  Board 24 

Ipswich  River  at  Reading  pumping  station 300 

Jablsh  Brook,  Belchertown 814 

Jamaica  Pond,  examination  of  water  of 107 

Johnson's  Pond,  Qroveland 1^ 

Jonathan's  Pond,  Wareham 334 

Kenoza  Lake,  Haverhill 165 

Kettle  Brook,  Leicester 362 

Kidney  diseases,  mortality  from Ixiii.  IxxxtI 

Knight  and  Gold  Reservoir,  Belchertown  ponds 314 

LakeviUe,  examination  of  ponds  In                        189 

Lancaster,  health  of 840 

Water  supply  of 189 

Lard,  Inspection  of 738 

LawrenceExperiment  Station,  detailed  account  of  work  at,  in  1894    .        .    415-700 

Lawrence,  consumption  of  water  In 409 

Health  of 840 

Vital  statistics  of xrlv,  xcrl 

Water  supply  of,  examination  of 189 

Distributing  Reservoir  of  the  Lawrence  Water  Works       ...  193 

Force  main  at  Pumping  Station  of  the  Lawrence  Water  WoriLS  192 
Merrimack   River   opposite  the   Intake  of   the   Lawrence  Water 

Works 190 

Merrimack  River  at,  analyses  of  water  of,  before  and  after  filtra- 
tion          190,  666,  657,  659,  69S-700 

Flow  of  Merrimack  River 194 

Lee,  health  of 842 
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Leicester  Water  Supply  District,  Leicester,  water  supply  of,  examioation  of  196 

BamcoatPond 195 

Cedar  Meadow  Pond 195 

Leominster,  health  of 842 

Water  snpply  of,  examioation  of 196 

Haynes  Reservoir 196 

Morse  Reservoir 198 

LezingtOD,  water  sapply  of,  examination  of 200 

Lily  Pond  Broolc,  Gloucester 156 

Lincoln,  water  supply  of,  examination  of  (see  Concord)      ....  soi 

Liquor,  Inspection  of 744 

Little  Pond,  Braintree 114 

Little  Quittacas  Pond,  Lakevilie 252 

Little  River,  Haverhill i67 

Little  South  Pond,  Plymouth 286 

Longmeadow,  water  supply  of,  examination  of 201 

Advice  of  Board 25 

Cooley  Brook 201 

Long  Pond,  Lakevilie 255 

Lowell,  consumption  of  water  in 409 

Health  of 842 

Vital  statistics  of xciv,  xcvl 

Water  supply  of,  examination  of 202 

Merrimack  River  opposite  intake  of  the  Lowell  Water  Works  .  202 

Tubular  wells  in  valley  of  River  Meadow  Brook         ....  204 

Lower  Ironstone  Reservoir,  Uxbridge 84 

Lower  Mystic  Lake,  examination  of  water  of  (Boston  Water  Works)        .  107 

Lubber  Brook,  Wilmington, 399 

Ludlow,  water  supply  of,  examination  of  (see  Springfield)                         .  205 

Ludlow  Reservoir,  Springfield 312 

Lung  diseases,  acute,  weekly  summary  of  deaths 784 

Lynde  Brook  Storage  Reservoir,  Worcester 858 

Lynn,  health  of       •        .        •        •   • 344 

Vital  statistics  of xclv,  xcvl 

Lynn  and  Saugus«  consumption  of  water  in 409 

Water  supply  of,  examination  of 205 

Birch  Pond,  Lynn 209 

Breed's  Pond,  Lynn 207 

Faucet  in  Lynn 218 

Glen  Lewis  Pond,  Lynn 218 

Saugus  River 215.  216 

Walden  Pond,  Lynn 211 

Heights  of  water  In  ponds  and  storage  reservoirs 220 

Mace,  inspection  of* 739 

Malarial  fever,  mortality  from Ixxxvii 

Weekly  summary  of  deaths 737 

Maiden,  consumption  of  water  in 409 

Health  of 345 

Vital  statistics  of xciv,  xcvl 

Water  supply  of,  examination  of 228 
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Maiden  —  Concluded* 

Water  supply  —  Concluded. 

Tubalar  wells  at  Maplewood 2^ 

Tabular  test  wells  In  the  vicinity  of  Maplewood         ....  224 

Tabular  test  wells  southwest  of  Martin's  Pond,  North  Beading    .  224 

Maiden,  Medford  and  Melrose,  water  supply  of,  examination  of  .        .        .  220 

Spot  Pond,  Stoneham 221 

Heights  of  water  in  Spot  Pond 223 

Management  of  sewage  filters  to  secure  continuous  efficiency  491-496 

Manchester,  consumption  of  water  in A09 

Water  supply  of,  examination  of 22^ 

Mansfield,  consumption  of  water  in 409 

Maple  sugar,  inspection  of 743 

Maple  syrup,  inspection  of 74S 

Marblebead,  consumption  of  water  in 4C^ 

Health  of 84<? 

Water  supply  of,  examination  of 22o 

Large  collecting  well 225 

Small  collecting  well 226 

Tubular  wells  in  the  valley  of  Forest  River 227 

Ware's  Pond 227 

Mark,  Prof.  E.  L.,  report  upon  experiments  in  feeding  hogs  at  a  State  in- 
stitution where  trichinosis  among  the  swine  had  been  unusually 

prevalent 757 

Marlborough,  consumption  of  water  in 409 

Health  of 846 

Vital  statistics  of xcv,  xc?ii 

Examination  of  water  of  Walker's  Brook  (Boston  Water  Works)        .  97 

Water  supply  of,  examination  of 227 

Faucets 229 

Lake  Williams 22S 

MiUham  Brook 229 

Report  on  an  epidemic  of  typhoid  fever  in ;  by  William  T.  Sedgwick, 

Ph.D.,  Biologist  of  the  Board 763 

Marriages  and  marriage  rates,  1884-1898 xUt 

By  ages ilv 

By  counties,  1891-1898 x\f 

By  months,  1898 xlri 

In  cities  and  towns  having  over  10,000  inhabitants  .  xciv,  xcr! 

Marshfleld,  Brant  Rock,  water  supply  of,  examination  of    .        .        .        .  230 
Massachusetts  Reformatory,  Concord,  examination  of  water  from  tubular 

wells  at 133 

Maynard,  health  of 847 

Water  supply  of,  examination  of 230 

Massachusetts,  vital  statistics  of,  1898 xszrii 

Measles,  mortality  from         .        .        ^        .        ^        .        .  Ixil,  Ixiv,  Ixxl 

By  ages lixi 

By  months Izxi 

By  sexes Ixxi 

Weekly  summary  of  deaths 786 

Reported  cases  of 788,  789 
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Medfleld,  water  supply  of,  examination  of 281 

Med  ford,  consnmption  of  water  in 409 

Health  of 847 

Vital  statistics  of xcv,  xcvii 

Water  supply  of,  examination  of  (see  also  Maiden,  Medford  and  Mel- 
rose)        ' 282 

Wright's  Pond  source 282 

Meeting-house  Pond,  Westminster 146 

Medical  examiners,  returns  of xcviii 

Melroite,  consumption  of  water  in 409 

Health  of 847 

Water  supply  of,  examination  of  (see  also  Maiden,  Medford  and  Mel- 
rose)         288 

Tubular  wells 288 

Mendon  Pond 284 

Merrimack  River,  examination  of  (nee  also  Lawrence  and  Lowell)  884 

Between  Lowell  and  Lawrence 886 

At  Lawrence 190,  196 

At  Lowell 202 

Analyses  of  water  of 190,  202,  666,  657,  669,  692-700 

Results  of  doable  filtration  of  Merrimack  River  water  .        .        .        .  679,588 

Plow  of,  at  Lawrence 194,  418 

Merrymeetlng  River,  N.  H 887 

Metbuen,  water  supply  of,  examination  of 286 

Covered  reservoir 287 

Tubular  wells 286 

Metropolitan  water  supply clli 

Report  of  State  Board  of  Health  upon cxvii 

Mlddleborough  Fire  District,  Middleborougb,  water  supply  of,  examina- 
tion of 288 

Consumption  of  water  in 409 

Middle  Reservoir,  Winchester 368 

MlddletoD,  consumption  of  water  in  (see  Danvers) 409 

Water  supply  of  (see  Dan  vers) 289 

Middleton  Pond,  Mlddleton    .        .        .        .  ' 186 

MUford,  health  of 847 

Water  supply  of,  advice  of  the  Board 26 

MUford  and  Hopedale,  water  supply  of,  examination  of       ...        .  240 

CUflln  Pond  and  Echo  Lake,  MUford 240 

Charles  River  at  MUford 241 

Milk: 

Adulterated 720 

Inspection  of 788 

From  cities,  784;  from  towns,  735;  from  suspected  producers,  736. 

Tables,  showing  quality  of,  by  months 786 

Milk  condensed.  Inspection  of 741 

MUlbury,  health  of 848 

Miller's  River,  examination  of,  at  Athol  and  Orange 389 

MlUham  Brook,  Marlborough 228 

Minis,  water  supply  of,  examination  of 241 

Aqua  Rex  Spring 241 
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MillviUe,  examination  of  Blackatone  Rlrer  at 879 

Milton,  consumption  of  water  in 409 

Sewage  disposal,  advice  of  the  Board 59 

Water  supply  of,  examination  of 242 

Advice  of  Board 27 

Tabular  test  wells 242 

Molasses,  inspection  of  .        • 742 

Monson,  proposed  water  supply  of 243 

Advice  of  Board 28 

Conant  and  Ingall's  brooks 243 

Test  well 243 

Montague,  consumption  of  water  in 409 

Montague,  Turner's  Falls  Fire  District,  water  supply  of,  examination  of    .  244 

Lake  Pleasant 244 

Morse  Reservoir,  Leominster 198 

Mortality  reports : 

Statistics  of  disease  and  mortality 777 

Summary  of  weekly  reports  of  cities  and  towns 779 

Total  deaths 782 

Deaths  of  children  under  five  years 782 

Acute  lung  diseases 784 

Consumption 783 

Diarrhoeal  diseases ^       .        .        .        .  787 

Diphtheria  and  croup 785 

Measles 786 

Scarlet  fever 786 

Typhoid  fever 784 

Whooping-cough,    malarial    fever,  erysipelas,    puerperal   f«ver  and 

small-pox 787 

Of  cities xcii 

Morton  Brook  Ueservolr,  Chlcopee ISO 

Mustard,  Inspection  of 740 

Mystic  Lake  (Boston  Water  Works) 105 

Nahant,  consumption  of  water  in  (see  Bwampncott) 409 

Health  of $48 

Water  supply  of  (see  Swampscott) 245 

Nantucket,  consumption  of  water  In 409 

Health  of  .        : 848 

Sewage  disposal,  advice  of  the  Board 61 

Water  supply  of,  examination  of 245 

Wannacomet  Pond 246 

Nashua  River,  examination  of SS$ 

North  Branch  below  Fltchburg S90 

North  Branch  above  Lancaster 891 

Tributaries  of  the  Stillwater  River 892 

Stillwater  River  at  Sterling 393 

Tributaries  of  Quinepoxet  River 394, 895 

Qulnepoxet  River  in  Holden 897 

South  Branch  above  Clinton 897 

South  Branch  at  Lancaster 898 
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Natick,  coDsumptloD  of  water  in 409 

Health  of 848 

Water  sapply  of,  examination  of 248 

Dug  Pond 248 

Heights  of  water  in  Dug  Pond 249 

Needham,  consumption  of  water  in 409 

Health  of 848 

Water  supply  of »  examination  of 260 

Neponset  River  at  Hyde  Park 187 

New  Bedford,  consumption  of  water  in 409 

Health  of 849 

Vital  statistics  of xciv,  xcvi 

Water  supply  of,  examination  of 260 

Advice  of  the  Board 80 

Storage  reservoir 261 

Little  Qnlttacas  Fond,  Lakeville 262 

Great  Quittacas  Pond,  Lakeville 264 

Long  Pond,  Lakeville 266 

Heights  of  water  in  Acushnet  Reservoir  and  Little  Qulttacas  Pond      .  268 

Newburyport,  consumption  of  water  in 409 

Health  of 849 

Vital  statistics  of xcr,  xcvli 

Water  supply  of,  examination  of 266 

Advice  of  Board 84 

Faucet 267 

Wells  in  valley  of  Artichoke  River 269 

Newburyport  Water  Company,  advice  of  Board 84 

Newton,  consumption  of  water  in 409 

Health  of 849 

Vital  statistics  of xciv,  xcvi 

Water  supply  of,  examination  of 269 

Covered  distributing  reservoir 261 

Paucet 260 

Test  wells  in  Needham 264 

Nitrification 480,474-484,607,684 

Nitrogen,  storage  of,  in  experimental  sewage  filters  at  Lawrence        .        .  486 
Nitrogen,  storage  of,  in  experimental  water  filters  at  Lawrence  .        .        .    699,  601 

Norman's  Woe  Brook,  Gloucester 169 

North  Adams,  milk  of 766 

Vital  statistics  of xcv,  xcvli 

Northampton,  health  of 861 

Milk  of 766 

Vital  statistics  of xcv,  xcvii 

Water  supply  of,  examination  of 264 

Lower  Storage  Reservoir 266 

Upper  Storage  Reservoir 266 

North  Andover,  health  of 861 

Sewage  disposal,  advice  of  the  Board 61 

North  Attleborough,  consumption  of  water  in 409 

Health  of 862 

Water  supply  of,  advice  of  the  Board 86 
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North  AttleboroQgh  —  Concluded. 
Water  supply  —  Concluded. 

Examination  of 266,267 

Test  wells 267 

Ten-mile  River  In  Wrentham 268 

NorthboroQgh,  water  sopply  of,  examination  ol 268 

Lower  Reservoir 269 

Upper  Reservoir 268 

North  Brookfleld,  consumption  of  water  in 409 

Water  supply  of,  examination  of 269 

Doane  Pond 269 

Flltered-water  well 271 

North  Easton  Village  District,  Easton,  water  supply  of,  examination  of   .  137 

North  Pond,  Orange 276 

North  Reservoir,  Winchester 849 

North  Watuppa  Laice,  Fall  River 143 

Norton,  proposed  water  supply  of 278 

Advice  of  Board 86 

Rumford  and  Wading  rivers 273 

Test  wells 273 

Norwood,  consumption  of  water  in 409 

Water  supply  of,  examination  of 274 

Heights  of  water  in  Buclcmaster  Pond,  Dedham 275 

Notification  of  infectious  diseases xxxli 

Nutmegs,  inspection  of 740 

■ 

Offensive  trades xxviii 

Old  age,  deaths  at  extreme Ivil 

Olive  oil,  inspection  of 738 

Onset  Bay  Fire  District,  Wareham,  water  supply  of,  examination  of  .        .  333 

Jonathan's  Pond 834 

Orange,  consumption  of  water  in 409 

Health  of 852 

Water  supply  of,  examination  of 276 

Coolldge  Brook  Reservoir 278 

Distributing  Reservoir 279 

Faucet 281 

North  Pond 276 

Oxygen,  dissolved,  in  sewage  from  Lawrence  Street  sewer         ...  458 
In   Merrimack  River  water  and  effluents  from  experimental  water 

filters  at  Lawrence 650 

Palmer,  health  of 85S 

Sewage  disposal  of,  advice  of  the  Board 62 

Palmer  Fire  District,  Palmer,  water  supply  of,  examination  of    .        .        .  282 

Peabody,  consumption  of  water  in 409 

Water  supply  of,  examination  of 282 

Brown's  Pond 282 

Spring  Pond 288 

Vital  statistics  of xcv,  xcrli 
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Pentncket  Lake,  Uaverblll 166 

Pepper,  inspection  of 740 

Fepperell,  proposed  water  supply  of,  examination  of   .        .                .     *  •  288 

Test  well  and  spring 285 

Permanency  of  sewage  filters ^       .        .        .  486 

Directly  dependent  upon  the  treatment  which  they  receire    .  491 

Of  efficiency  of  water  filters  in  removing  bacteria 578 

Physical  and  chemical  properties  of  sand  with  special  reference  to  the  filtra- 
tion of  water;  by  H.  W.  Clark,  chemist  of  the  Lawrence  Experi- 
ment Station 701 

Pittsfleld,  health  of 858 

Milk  of 766 

Vital  statistics  of xcv,  xcvii 

Water  supply  of,  examination  of 285 

Pleasant  Lake,  Montague 244 

Ploughing  sewas^e  filters,  effeot  of •       .•       .        .  492 

Plymouth,  water  supply  of,  examination  of 286 

Cold  Spring 287 

Faucets 287 

Little  South  Pond 286 

Pneumonia,  mortality  from Ixili,  Ixiv,  Ixxxiy 

By  ages Ixxxr 

By  months Ixxxr 

By  sexes Ixxxiv 

Pollution  of  rivers  a^d  sources  of  water  supply 68 

Population  of  towns  having  and  not  having  public  water  supplies      .  407 
Population  of  Massachusetts,  by  United  States  Census  of  1870,  1880,  1890, 

and  State  Census  of  1865,  1875,  1885 xliil 

By  ages xl 

By  counties xl 

By  sexes xl 

Census  of  children  under  five  years  of  age liv 

Vital  statistics  of  urban  population xcil 

Density  of,  in  Massachusetts,  1891-1898         ......  xcii 

Percentage  of,  at  difl*erent  age-periods  (table) c 

Of  cities  and  towns  having  over  10,000  inhabitants        ....  xciv 

Powow  Hill  Water  Company,  Amesbury 74 

Precipitation,  chemical,  of  sewage  at  Lawrence 454 

Prodigiosus,  Bacillus,  similarity  to  B.  typhi  abdomiualis  in  its  mode  of 

life  in  river  water  at  Lawrence 658 

Method  of  application  to  water  filters  at  Lawrence       ....  658 

Table  showing  numbers  in  applied  water 659 

Prosecutions 724 

Provincetown,  health  of ' 858 

Water  supply  of,  examination  of 288 

Faucets 289 

Tubular  wells 288 

Puerperal  fever,  weekly  summary  of  deaths 787 

Purification  of  sewage  and  water.  (See  Sewage,  Filtration  of,  and  Water, 
Filtration  of.) 
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Qaantitatlve  efficiency  of  experimental  filters  at  Lawrence,  seven  years' 

results 497 

Of  experimental  water  filters  at  Lawrence 577 

Qaantlty  of  sand  removed  from  water  filters  at  Lawrence  to  relieve  clog- 
ging          654 

Of  water  yielded  by  filters  between  scrapings  at  Lawrence    ...  654 

Qalncy,  consumption  or  water  in 409 

Health  of 853 

Vital  statistics  of xcv,  zcvii 

Water  supply  of,  examination  of    . 290 

Advice  of  Board ' 88 

Storage  Reservoir 293 

Town  Brook 290 

Heights  of  water  in  Storage  Reservoir 294 

Blue  Hill  River  at  Braintree 296 

Brooks 294, 295 

Qulnepoxet  River,  examination  of.  In  Holden 897 

Qulnslgamond  Lake,  Worcester 863 

Rainfall,  normal,  in  Massachusetts 410 

At  nine  places  In  Massachusetts,  geographically  selected  .        .    411-416 

Raking,  efl'ect  of,  upon  sewage  filters 491 

Randolph  and  Holbrook,  consumption  of  water  In 409 

Water  supply  of,  examination  of 296 

Great  Fond,  Randolph  and  Braintree 296 

Rate  of  filtration  of  experimental  sewage  filters  at  Lawrence       .  .    450,  485 

Of  experimental  water  filters  at  Lawrence 577 

Efl'ect  of,  upon  efficiency  of  water  filters 605 

Of  Lawrence  city  filter 693 

Reading,  consumption  of  water  in 409 

Health  of 854 

Water  supply  of,  examination  of 296 

Filter-gallery 297 

Ipswich  River  at  pumping  station 300 

Test  well  near  Lake  Quannapowltt 299 

Tubular  test  well  In  Bancroft  Meadow 298 

Tubular  test  wells  in  valley  of  Ipswich  River 299 

Recommendations  to  the  Legislature czii 

Registration  of  vital  statistics.     (See  Vital  Statistics.) 

Resting,  efl'ect  of,  upon  sewage  filters 49S 

Revere,  health  of 854 

Revere  and  Wlnthrop,  consumption  of  water  in 409 

Water  supply  of,  examination  of 300 

Distributing  Reservoir 303 

Fountain  in  Wlnthrop 308 

Tubular  wells  at  Cliftondale 302 

Wells  at  Revere 801 

Rivers,  examination  of 865 

Flow  of  (see  also  Sudbury  River  and  Merrimack  River)        .        .194,  417-420 

Rockland,  water  supply  of  (see  Ablngton) 73 
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Rockport,  pollution  of  water  supply  of,  advice  of  Board     ....  66 

Water  supply  of,  examination  of 804 

Cape  Pond 804 

Round  Pond,  Hamilton 189 

Routine  work  of  Board cix 

Rnmf ord  River  in  Norton 278 

Salem,  consumption  of  water  in 409 

Health  of 864 

Vital  statUticB  of .        xciv,  xcvi 

Examination  of  an  ice-pond 808 

Salem  and  Beverly,  water  supply  of,  examination  of 806 

Wenham  Lake  in  Beverly  and  Wenham 806 

Heights  of  water  in  Wenham  Lake \  808 

Salisbury  Brook,  Brockton 116 

Salisbury  Brook  Storage  Reservoir,  Brockton 116 

Saltonstall  Lake,  Haverhill 166 

Sand,  physical  and  chemical  properties  of,  with  special  reference  to  the  fil- 
tration of  water ;  by  H.  W.  Clark,  chemist  of  Lawrence  Experi- 
ment Station 701-710 

Sandy  Pond,  Lincoln 132 

Saugus,  consumption  of  water  in  (see  Lynn) 409 

Health  of 864 

Saugus  River  at  Howlett's  Dam,  Saugus 216 

At  the  line  between  Saugus  and  Wakefield 216 

Scarlet  fever,  mortality  flrom Ixli,  Ixiv,  Ixxi 

By  ages Ixxll 

By  months Ixxli 

By  sexes Ixxil 

Weekly  summary  of  deaths 786 

Reported  cases  of 788,  789 

Scott  Reservoir,  Fltchburg, 144 

Scraping,  effect  of,  upon  bacterial  purification  of  water  by  filtration  .        .  623 

Effect  of,  upon  sewage  filters 491 

Sand  removed  by,  analyses  of 699-604 

Water  filters,  summary  of  results 664 

Sedgwick,  William  T.,  Ph.D.,  on  an  epidemic  of  typhoid  fever  in  Marl- 
borough, apparently  due  to  infected  skimmed  milk      .                .  763 
Sedgwick,  W.  T.,  Ph.D.,  and  S.  C.  Prescott,  S.B. ;  bacterial  contents  of 

certain  ground  waters,  including  deep  wells         ....  421 

Sedimentation,  removal  of  organic  matter  from  sewage  by,  at  Lawrence  .  466 

Seven-mile  River  (Brookfield),  pollution  of,  advice  of  the  Board        .        .  68 

Sewage : 

Experiments  upon  filtration  of,  at  the  Lawrence  Experiment  Station      .  447-674 

Character  of  the  sewage  used  at  the  Experiment  Station      .        .        .  448-463 

Description  and  tables  of  analyses                  .        .        .  448 

Comparison  of  sewage  as  pumped  at  station  with  original  sewage  In 

the  sewer 466 

Dissolved  oxygen  in  sewage  from  Lawrence  Street  sewer    .        .  468 
Analyses  of  sewage  applied  to  experimental  filters  and  to  certain  large 

filters  in  the  State  .        .        .        •        • 460 
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Sewage  —  Continued. 
Experiments  upon  filtration  —  Contintied. 
Influence  of  temperature  and  composition  of  sewage  upon  nitrifica- 
tion           474 

Infiuence  upon  nitrification  during  midwinter  of  comparatively  high 

and  very  low  temperatures 481 

Infiuence  upon  nitrification  of  seeding  filters  with  different   mate< 

rials 483 

Nitrification  not  seriously  Interrupted  by  washing  filtering  mate- 
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To  the  Honorable  the  Senate  and  the  House  of  RepresentcUives, 

The  Board  of  Metropolitan  Sewerage  Commissioners, 
created  by  chapter  439,  Acts  of  1889,  presents  its  annual 
report,  which  is  the  sixth  since  its  organization,  and  covers 
the  year  ending  Sept.  30,  1894. 

Continued  and  steady  progress  has  been  made  upon  the 
work  entrusted  to  this  Board,  the  past  year.  The  main  line 
of  the  north  metropolitan  system  from  its  extreme  northern 
point  in  Stoneham  has  been  completed  to  the  outlet  at  Deer 
Island,  excepting  small  gaps  at  Maiden  River,  Belle  Isle  In- 
let, the  extreme  end  of  the  outlet  itself,  and  the  pumping 
stations,  all  of  which  are  now  in  process  of  construction. 
Work  on  branches  is  progressing  on  Eastern  Avenue,  Chel- 
sea, in  East  Boston,  Charlestown  and  Somerville,  along  the 
line  of  the  Mystic  River.  The  branch  extending  through 
Everett,  Maiden  and  Melrose  to  Stoneham,  and  also  that  in 
Winchester  and  Woburn,  designed  to  relieve  Cummingsville, 
are  practically  complete.  The  two  branches  extending  into 
Somerville  and  Cambridge,  the  one  following  the  general 
line  of  Ale  wife  Brook  and  the  other  extending  through  the 
eastern  portion  of  said  cities,  lack  the  completion  of  the 
siphons  under  Mystic  River  and  the  construction  of  the 
pumping  stations  to  render  them  available,  upon  the  com- 
pletion of  the  main  line. 

In  accordance  with  the  suggestions  of  the  committee  of  the 
Legislature  of  1894,  a  very  large  proportion  of  the  work  this 
year  has  been  done  by  day  labor ;  and,  while  it  has  possibly 
been  of  a  more  thorough  and  substantial  character  than  con- 
tract work,  this,  together  with  the  prosecution  by  the  State 
of  several  important  contracts,  where  the  contractors  had 
met  extraordinary  difficulties  and  had  failed  to  overcome 
them,  has  entailed  a  largely  increased  cost  for  construction. 
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The  Charles  River  system  has  been  ia  operation  during 
the  year,  and  numerous  connections  have  been  made  there- 
with by  the  towns  and  cities  thereon.  A  list  of  these,  and 
also  a  table  showing  the  cost  of  operating  this  system,  are 
submitted  herewith.  Your  attention  is  respectfully  invited 
to  the  report  of  our  chief  engineer  and  the  tables  that  follow 
in  connection  with  this  report. 


NORTH  METROPOLITAN  SYSTEM. 

The;  following  tables  show  the  condition  of  the  work  upon 
this  system  at  this  date  (Oct.  1,  1894),  and  your  attention 
is  called  to  the  map  accompanying  our  engineer's  report  for 
comparison  therewith :  — 

North  Metbopolitan  System  (Completed  Sections), 

Sept.  80, 1894. 

Main  Line, 


Skctiok. 


Location. 


Length  of 

Sections 

(Feot). 


Oompteted. 


Wharf, 

2, 
8, 

4, 

5, 
6, 
8, 
9. 


10. 

12, 

14, 

16, 

16, 

17, 

17i, 

20, 

21, 

22, 

44, 

44i, 

45, 

46, 


Deer  Island, 

Deer  Island, 

Deer  Island, 

Shirley  Gut, 

Winthrop, 

Winthrop, 

Winthrop, 

East  Boston, 

East  Boston, 

East  Boston  pumping  station  and 

connections,         .        .        .        . 

Between  East  Boston  and  Chelsea, 

Chelsea, 

Chelsea, 

Chelsea, 

Everett, 

Everett, 

Everett, 

Med  ford, 

Med  ford, 

Med  ford, 

Winchester, 

Winchester, 

Winchester, 

Winchester  and  Woburn, 


400 
2,430 
2,641 

480 
6,710 
4,600 
4,113 
4,126 
8,882 

210 
709 
3,034 
8,446 
1,754 
4,431 
3,627 
1,627 
9,185 
8,270 
6,033 
6,608 
6,684 
6,508 
5,766 


Feb. 

Dec. 

Aug 

Sept. 

June 

Dec 

Sept. 

June 

Jane 


3,  1891. 
19,  1891. 

8,  1891. 
30,  1894. 
27,  1891. 

2,  1891. 
30,  1891. 
23, 1892. 
24, 1892. 


May  23, 
March  4, 
Aug.  19, 
July  20, 
May  20, 
Feb.  6, 
Aug  10, 
Aug.  6, 
Sept.  10, 
Dec.  23, 
Jan.  20, 
Jan.  20, 
Oct.  21, 
Dec.  2, 


1894. 
1893. 
1893. 
1892. 
1893. 
1893. 
1892. 
1893. 
1892. 
1893. 
1894. 
1894. 
1893. 
1893. 


1895.] 


PUBLIC  DOCUMENT  — No.  45. 


North  Metropolitan  System  (Completed  Sections) —  Concluded. 

East  Boston  Branch. 


23, 

24, 

26, 

25i. 

26, 

27. 

28, 

29, 

80, 


Sbotxoh. 

Location. 

Length  of 

Bectloni 

(Feet). 

Completed. 

36, 
87f      . 

East  Boston, 

East  Boston, 

237 
276 

Sept  25, 1894. 
Aus:.    3,  1894. 

Cambridge  Branch. 

Everett, 

Everett  and  Cbarlestown, 
Mystic  Kiver, 

Cbarlestown,  .  .  .  . 
Cbarlestown  and  Somerville, 
Somerville  and  Cambridge,  . 
Cambridge,  .  .  .  . 
Cambridge,  .  .  .  . 
Cambridge,     .        .        .        . 


2,268 
2,332 

2,126 

9,026 

6,603 
6,167 
7,083 


April  29, 
June  2, 
April  9, 
April  9, 
May  27, 
Dec.  23, 
Feb.  17, 
March  17, 
Dec.    12> 


1893. 
1892. 
1894. 
1894. 
1893. 
1893. 
1894. 
1894. 
1893. 


Maiden  and  Melrose  Branch, 


40, 
41, 
42, 


Everett  and  Maiden, 
Maiden  and  Melrose, 
Melrose  and  Stonebam, . 


April  16, 1893. 
Dec.  9,  1893. 
June    3, 1893. 


AleuHfe  Brook  Branch. 


43, 
48J. 


Cambridge  and  Somerville,   . 
Medford  and  Somerville  (contract), 


Total, 
Less  400  feet  of  wharf,  . 


14,460 
2,827 


166,466 
400 

166,066 


Dec.  30,1893. 
Sept.  80, 1893. 
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North  Metropolitan  System  (Uncompleted  Sections), 

Sept.  80,  1894. 

Main  Line. 


Skctiov. 

Location. 

Approximate 

Length  of 

Sections 

(Feet). 

Completed 

Sept.  30, 

1894 

(Feet). 

To  be  Con- 

atrncted 

(Feet). 

1,     . 

7,        . 
19, 
47, 

Deer  Island, 

Winthrop  and  East  Boston, 
Maiden  River,  .... 
Winchester  and  Woburn, 

1,925 
848 
496 

4,510 

1,506 

776 

304 

4,277 

419 
72 

192 
233 

East  Boston  Branch, 


37, 

38, 
39, 


East  Boston, 
East  Boston, 
East  Boston, 


4,882 
8,229 
6,963 


4,795 
1,870 
2,535 


87 

6,359 

•  4,428 


Chelsea  Branch. 


Charlestotun  Branch. 


31, 
32, 
35, 


Charlestown,    .        .        .  . 

Charlestown,    .        .        .  . 

Charlestown,  Somerville  and 

Medford,       .        .        .  . 


2,850 
2,809 

5,190 


Alewife  Brook  Branch. 


43i, 


Medford  and  Somerrille  (in- 
cluding pumping  station  and 
siphon),         .        .        .        . 


270 
50,300 


26,361 


270 
23,939 


•  Begun  Sept.  17, 1894. 
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The  total  length  of  the  sewer  upon  the  north  metropolitan 
system  and  its  branches  (including  pamping  stations  and 
siphons)  is  215,756  feet  (about  41  miles).  Of  this  the  com- 
pleted portion  amounts  to  191,817  feet  (30^  miles),  while 
the  portion  remaining  to  be  constructed  amounts  to  23,939 
feet  (about  4|  miles).  This  is  entirely  independent  of  and 
separate  from  the  Charles  River  valley  system,  covering  a 
distance  of  about  8\  miles,  which  has  been  completed  and  in 
operation  since  the  spring  of  1892. 

The  following  settlements  for  land  taken  upon  this  system 
have  been  made  during  the  year :  — 

James  He  wins  and  others,  as  assignees  of  the  estate  of 
Moody  Merrill  of  Boston,  quit-claimed  to  the  Commonwealth 
a  tract  of  land  in  Chelsea,  which  had  been  taken  by  this 
Board  by  deed  dated  Oct.  8,  1892,  and  recorded  in  Suffolk 
Registry  qf  Deeds,  book  2088,  page  541.  Their  release  is 
recorded  in  Suffolk  Registry  of  Deeds,  book  2165,  page  504, 
and  the  land  so  conveyed  forms  a  part  of  the  site  of  the  sand- 
catcher  and  siphon  at  Chelsea  Creek. 

On  Oct.  18,  1893,  Catherine  £.  W.  Clark,  executrix  and 
trustee  of  David  Oakes  Clark,  together  with  other  heirs, 
quit-claimed  to  the  Commonwealth  by  deed  (recorded  Mid- 
dlesex South  District  Registry,  book  2234,  page  386)  land 
in  Everett  taken  by  this  Board  by  its  deed  dated  Oct.  28, 
1891,  and  recorded  in  Middlesex  South  District  Deeds,  book 
2076,  page  262. 

Lynde  Sullivan  also  releases  to  the  Commonwealth,  by 
deed  dated  Oct.  12,  1893  (recorded  Middlesex  South  Dis- 
trict Deeds,  book  2229,  page  222),  ^<  rights,  privileges  and 
easements  *'  in  land  in  Everett,  comprised  within  the  taking 
made  by  this  Board,  Aug.  17,  1891  (recorded  Middlesex 
South  District  Deeds,  book  2064,  page  142)  ;  and  Charles 
W.  Rowland,  by  deed  dated  Nov.  1,  1893  (recorded  Mid- 
dlesex South  District  Deeds,  book  2234,  page  385),  releases 
the  Commonwealth  ^*  from  all  suits,  claims  and  demands  for 
damages,  costs,  expenses  or  compensation  by  reason  of  the 
aforesaid  taking,  .  .  .  and  especially  for  all  claims  for  in- 
jury to  wells  and  loss  of  water  supply  and  for  interruption  in 
business."  By  deed  dated  Nov.  8,  1893  (recorded  Middle- 
sex South  District  Deeds,  book  2235,  page  598),  William 
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Thompson,  Mary  W.  Thompson  and  George  P.  Thompson, 
the  latter  individually  and  as  executor  under  the  will  of 
Emily  P.  Eayrs,  deceased,  quit-claimed  to  the  Common- 
wealth the  '*  rights,  privileges  and  easements"  in  a  parcel  of 
land  in  Everett  included  in  the  aforesaid  taking. 

A  deed  from  Annie  Urquhart,  dated  Nov.  14,  1893  (re- 
corded Middlesex  South  District  Deeds,  book  2235,  page 
599),  quit-claims  to  the  Commonwealth  <^  rights,  privileges 
and  easements  **  in  land  in  Everett  included  in  a  taking  dated 
April  23,  1892  (recorded  Middlesex  South  District  Deeds, 
book  2111,  page  203);  and  Stephen  C.  Currier,  by  deed 
dated  Nov.  24,  1893  (recorded  Middlesex  South  District 
Deeds,  book  2242,  page  8),  gives  a  similar  release  to  land 
in  Everett  included  within  the  same  taking. 

A  deed  from  James  W.  Tufts,  dated  Nov.  28,  1893 
(recorded  Middlesex  South  District  Deeds,  book  2242,  page 
11),  releases  the  Commonwealth  for  damages  to  land  in- 
cluded within  a  taking  made  Nov.  25,  1891,  and  recorded 
with  Middlesex  South  District  Deeds,  book  2083,  page  368. 

A  deed  dated  Dec.  5,  1893,  from  Moses  P.  Richardson, 
in  his  own  right  and  as  the  executor  of  Samuel  Richardson, 
deceased,  with  Roswell  C.  Richardson  and  others,  quit-claims 
to  the  Commonwealth  the  ''  rights,  privileges  and  easements  " 
to  a  certain  tract  of  land  in  Winchester,  taken  by  this  Board 
Aug.  19,  1893,  and  recorded  with  Middlesex  South  District 
Deeds,  book  2218,  page  117.  The  deed  from  Richardson  is 
recorded  in  Middlesex  South  District  Deeds,  book  2251, 
page  301 ;  and  in  part  compensation  therefor,  by  authority 
of  chapter  251,  Acts  of  1892,  this  Board,  on  Feb.  3,  1894, 
conveyed  to  said  parties  a  strip  of  land  taken  by  said  Board 
April  22,  1893  (recorded  Middlesex  South  District  Deeds, 
book  2189,  page  249),  no  longer  needed  for  the  construction 
of  the  sewer. 

James  O.  Goodwin  of  Medford,  by  deed  dated  Dec.  28, 
1893  (recorded  Middlesex  South  District  Deeds,  book  2253, 
page  17),  quit-claims  ^^  rights,  privileges  and  easements'*  in 
certain  land  in  West  Medford  included  in  a  taking  by  this 
Board  dated  Dec.  23,  1891,  and  recorded  in  Middlesex 
South  District  Deeds,  book  2089,  page  361. 

On  Jan.  22,  1894,  Edward  Brooks  and  other  trustees. 


1895.]  PUBLIC  DOCUMENT— No.  45.  9 

under  the  will  of  Francis  Brooks,  late  of  Medford,  and 
others,  release  and  discharge  the  Commonwealth  from  all 
*^  suits,  actions,  claims  and  demands  by  us  for  damages, 
costs,  expenses  or  compensation,"  by  reason  of  a  taking 
made  Dec.  23,  1891,  and  recorded  with  Middlesex  South 
District  Deeds,  book  2089,  page  361,  '*or  connected  with 
or  growing  out  of  the  construction  of  the  sewer  in  said 
premises." 

On  Jan.  23,  1894,  Leonard  B.  Usher  of  Lynn  quit-claimed 
to  the  Commonwealth  ^^ rights,  privileges  and  easements" 
in  and  to  a  certain  parcel  of  land  in  Medford,  included  in  the 
taking  of  this  Board  dated  Dec.  23,  1891,  and  recorded  with 
Middlesex  South  District  Deeds,  book  2089,  page  361. 
This  deed  is  recorded  in  Middlesex  South  District  Deeds, 
book  2250,  page  558 ;  and  in  part  consideration  this  Board, 
by  authority  of  the  aforementioned  act  of  1892,  quit-claimed 
to  said  Usher  all  the  land  incladed  within  the  said  taking 
outside  of  a  strip  four  feet  wide  on  each  side  of  the  centre 
line  of  said  taking. 

On  Jan.  24,  1894,  Sylvanus  C.  Small  of  Winchester, 
trustee  for  the  Suburban  Land  Improvement  Company,  quit- 
claimed to  the  Commonwealth  ^*  rights,  privileges  and  ease- 
ments" to  two  parcels  of  land  in  Winchester,  included  within 
a  taking  made  by  this  Board  April  22,*  1893,  and  recorded 
in  Middlesex  South  District  Deeds,  book  2189,  page  249. 
This  deed  is  recorded  with  Middlesex  South  District  Deeds, 
book  2253,  page  15,  and  is  accompanied  by  a  release  from 
the  Third  National  Bank  of  Boston,  the  holder  of  a  certain 
mortgage  given  by  said  Small  to  Freeman  A.  Loring,  dated 
Sept.  10,  1^91.  The  said  release  is  recorded  in  Middlesex 
South  Di:strict  Deeds,  book  2253,  page  16.  The  aforesaid 
deeds  are  further  secured  by  a  statement  bearing  date  of  Jan. 
24,  1894,  from  James  W.  Brooks  and  Frank  F.  Stanley, 
trustees  of  the  McKay  Metidlic  Fastening  Association,  the 
mortgagees  named  in  a  certain  mortgage  deed  given  by 
Sylvanus  C.  Small,  dated  April  27,  1893,  acknowledging  that 
said  mortgage  was  not  delivered  until  April  29,  1^93,  and 
waiving  all  claim  to  receive  damages  by  reason  of  the  taking 
made  by  the  Metropolitan  Sewerage  Commissioners  of  cer- 
tain easements  in  a  portion  of  the  premises  described  in  said 
mortgage. 
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By  deed  dated  Feb.  9, 1894,  Maria  E.  Mills  of  Winchester 
quit-claims  to  the  Commonwealth  *'  rights,  privileges  and 
easements  "  in  two  parcels  of  land  in  Winchester,  included  in 
takings  made  by  this  Board,  the  one  dated  April  22,  1893 
(recorded  Middlesex  South  District  Deeds,  book  2189,  page 
249),  the  other  dated  Aug.  19,  1893,  and  recorded  in  the 
aforesaid  Registry,  book  2218,  page  117.  The  deed  from 
Mills  is  recorded  in  Middlesex  South  District  Deeds,  book 
2263,  page  569,  and  is  accompanied  by  a  quit-claim  of  even 
date  from  Martha  J.  Richardson  of  Winchester,  mortgagee, 
of  the  rights,  privileges  and  easements  described  in  the  afore- 
said deed.  This  release  is  recorded  in  Middlesex  South 
District  Deeds,  book  2263,  page  570. 

A  deed  dated  March  2,  1894  (recorded  Middlesex  South 
District  Deeds,  book  2263,  page  568),  from  Bard  well  A. 
Goodell  and  James  H.  Winn,  quit-claims  to  the  Common- 
wealth the  '^  rights,  privileges  and  easements  "  in  and  to  cer- 
tain land  in  Winchester,  included  within  a  taking  made  by 
this  Board  April  22,  1893,  and  recorded  with  Middlesex 
South  District  Deeds,  book  2189,  page  249. 

Benjamin  Hadley  of  Somerville,  on  April  4,  1894,  by 
deed  (recorded  in  Middlesex  South  District  Deeds,  book 
2268,  page  266)  quit-claims  to  the  Commonwealth  land  in 
Everett,  included  Within  the  taking  made  by  this  Board, 
Aug.  17,  1891,  and  recorded  with  Middlesex  South  Dis- 
trict Deeds,  book  2064,  page  142 ;  and  by  deed  of  even 
date,  Benjamin  Hadley  and  Wilbur  P.  Rice  quit-claim  to 
the  Commonwealth  five  several  parcels  of  land  in  Everett, 
included  in  the  aforesaid  takincr.  This  deed  is  recorded 
with  Middlesex  South  District  Deeds,  book  2268,  page  261, 
and  is  accompanied  by  a  deed  dated  Jan.  11,  I8i<4,  from 
George  W.  Bartlett  and  others  to  the  said  Rice  and  Hadley, 
of  all  their  right  and  claim  against  the  Commonwealth  for 
damages  and  compensation  for  the  taking  of  this  Board, 
dated  Aug.  17,  1891.  This  deed  of  Bartlett  and  others  to 
Rice  and  Hadley  is  recorded  in  Middlesex  South  District 
Deeds,  book  2268,  page  264. 

A  deed  dated  April  12,  1894,  and  recorded  with  Middle- 
sex South  District  Deeds,  book  2273,  page  475,  from  Ben- 
jamin F.  Webb,  William  M.  Scott  and  others,  constituting 
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the  firm  of  Baeder,  Adamson  &  Co.,  quit-claims  to  the  Com- 
monwealth *' rights,  privileges  and  easements"  in  a  certain 
parcel  of  land  in  Wobarn,  taken  by  this  Board  April  15, 1893, 
by  a  taking  recorded  with  Middlesex  South  District  Deeds, 
book  2186,  page  585.  Accompanying  this  deed  is  a  deed 
from  the  Philadelphia  Trust,  Safe  Deposit  and  Insurance 
Company,  executor  and  trustee  of  the  will  of  Charles  Baeder, 
deceased,  the  mortgagee  named  in  a  certain  mortgage,  dated 
Dec.  14, 1889,  releasing  unto  the  Commonwealth  the  <<  rights, 
privileges  and  easements  "  described  in  the  foregoing  deed 
from  Webb  and  others.  This  release  is  recorded  with  Mid- 
dlesex South  District  Deeds,  book  2273,  page  477. 

By  a  deed  bearing  date  of  April  12,  1894,  and  recorded 
with  Middlesex  South  District  Deeds,  book  2269,  page  451, 
John  M.  Brown  and  others,  heirs  of  Ellen  R.  Brown,  quit- 
claimed to  the  Commonwealth  <*  rights,  privileges  and  ease- 
ments "  in  land  in  Cambridge,  included  within  a  taking  made 
by  this  commission  July  19,  1893  (recorded  in  Middlesex 
South  District  Deeds,  book  2210,  page  481)  ;  and  by  deed 
of  even  date  John  M.  Brown  releases  and  quit-claims  to  the 
Commonwealth  **  rights,  privileges  and  easements  "  in  land  in 
Cambridge  included  within  the  aforesaid  taking.  The  latter 
deed  is  recorded  in  Middlesex  South  District  Deeds,  book 
2269,  page  449. 

By  deed  dated  May  4,  1894  (recorded  in  Middlesex  South 
District  Deeds,  book  2274,  page  208),  Bridget  M.  Nelson  re- 
leases to  the  Commonwealth  land  in  Winchester  included  in 
a  taking  made  by  this  Board,  dated  April  22, 1893,  recorded 
with  Middlesex  South  District  Deeds,  book  2189,  page  249 ; 
and  by  deed  of  even  date  (recorded  in  Middlesex  South  Dis- 
trict Deeds,  book  2274,  page  207),  Michael  S.  Nelson  quit- 
claims to  the  Commonwealth  certain  land  in  Winchester,  in- 
cluded within  said  taking.  This  last  deed  is  accompanied 
by  releases  from  Samuel  S.  Porter  of  Winchester,  the  mort- 
gagee named  in  a  mortgage  given  by  Michael  S.  Nelson, 
dated  July  1,  1887,  and  also  by  one  from  Margaret  Nelson 
of  Winchester,  the  mortgagee  named  in  a  mortgage  given  by 
said  Nelson,  dated  Feb.  3,  1890,  releasing  in  both  instances 
the  ^^  rights,  privileges  and  easements"  described  in  the  deed 
from  Nelson  to  the  Commonwealth.    The  release  of  Porter 
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to  the  Commonwealth  is  recorded  with  Middlesex  South 
District  Deeds,  book  2274,  page  211;  that  from  Margaret 
Nelson  to  the  Commonwealth  with  the  aforesaid  District 
Deeds,  book  2274,  page  210. 

A  deed  bearing  date  of  May  15,  1894  (recorded  with  Mid- 
dlesex South  District  Deeds,  book  2278,  page  207),  from 
Edward  Kendall,  and  Willard  A.  Bullard,  trustee  under  the 
will  of  Caleb  Wood,  late  of  Cambridge,  releases  and  dis- 
charges the  Commonwealth,  its  officers,  agents  and  servants 
from  all  suits,  actions,  claims  and  demands  for  damages, 
costs,  expenses  or  compensation,  by  reason  of  the  taking 
made  by  this  Board  March  25,  1893,  in  said  Cambridge  (re- 
corded with  Middlesex  South  District  Deeds,  book  2183, 
page  245)  ;  and  Robert  O.  Fuller,  by  deed  dated  May  21, 
1894  (recorded  with  Middlesex  South  District  Deeds,  book 
2293,  page  214),  quit-claims  to  the  Commonwealth  ^*  rights, 
privileges  and  easements''  in  land  in  Cambridge  included 
within  the  aforesaid  taking  of  March  25,  1893. 

A  deed  dated  May  31,  1894,  and  recorded  with  Middlesex 
South  District  Deeds,  book  2283,  page  279,  from  Joseph  D. 
Decelle,  trustee  under  the  will  of  Caroline  Brodeur,  late  of 
Winchester,  Herbert  J.  Decelle,  the  beneficiary  named  in 
said  will,  and  Helen  A.  Pressey,  the  assignee  of  a  certain 
mortgage  given  by  said  Brodeur  et  aL  to  Josiah  F.  Stone, 
trustee,  dated  March  14,  1878,  releases  and  discharges  the 
Commonwealth,  its  officers,  agents  and  servants  from  dam- 
ages, costs,  expenses  or  compensation,  by  reason  of  the  tak- 
ing made  by  this  Board  July  14,  1893,  and  recorded  with 
Middlesex  South  District  Deeds,  book  2210,  page  162. 

By  a  deed  dated  June  16,  1894  (recorded  with  Middlesex 
South  District  Deeds,  book  2293,  page  211),  the  Boston 
Rubber  Shoe  Company,  by  its  treasurer,  Elisha  S.  Converse, 
duly  authorized  thereto,  quit-claims  and  releases  to  the  Com- 
monwealth the  <<  rights,  privileges  and  easements"  in  and 
to  certain  parcels  of  land  in  Melrose  included  in  the  taking 
made  by  this  Board  July  23,  1892,  and  recorded  with  Mid- 
dlesex South  District  Deeds,  book  2133,  page  550. 

Francis  McBreirty,  by  his  deed  dated  July  11,  1894,  re- 
leases and  discharges  the  Commonwealth,  its  officers,  agents 
and  servants  from  all  suits,  actions,  claims  and  demands  for 
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damages,  costs,  expenses  or  compensation,  by  reason  of  the 
taking  made  by  this  Board,  dated  Oct.  3,  1891  (recorded 
with  Middlesex  South  District  Deeds,  book  2071,  page  162), 
and  the  construction  of  the  sewer  in  the  said  premises. 

Bridget  McDonald  of  Wobum,  by  a  deed  dated  July  17, 
1894  (recorded  with  Middlesex  South  District  Deeds,  book 
2300,  page  455),  quit-claims  to  the  Commonwealth  **  rights, 
privileges  and  easements"  in  land  in  said  Wobum,  included 
in  a  taking  by  this  Board  dated  April  15, 1893,  and  recorded 
in  Middlesex  South  District' Deeds,  book  2186,  page  585. 

The  North  Packing  and  Provision  Company,  by  Gustavus 
F.  Swift,  its  president,  duly  authorized  thereto,  in  a  deed 
dated  July  17,  1894  (recorded  with  Middlesex  South  Dis- 
trict Deeds,  book  2293,  page  213),  quit-claims  to  the  Com- 
monwealth *^  rights,  privileges  and  easements"  in  its  land  in 
Somerville,  taken  by  this  Board  June  11,  1892,  in  a  taking 
recorded  with  Middlesex  South  District  Deeds,  book  2124, 
page  126. 

Alexis  Cutting  of  Winchester,  by  two  deeds  dated  Sept. 
11,  1894,  releases  and  discharges  the  Commonwealth,  its  offi- 
cers, agents  and  servants,  from  all  suits,  actions,  claims  and 
demands  for  damages  by  reason  of  two  takings  made  by  this 
Board  in  behalf  of  the  Commonwealth.  The  one  dated  May 
20,  1893  (recorded  with  Middlesex  South  District  Deeds, 
book  2197,  page  139),  includes  a  tract  of  land  in  Medford  on 
the  north  side  of  the  Mystic  River  at  the  end  of  Canal  Street. 
This  release  is  recorded  in  Middlesex  South  District  Deeds, 
book  2311,  page  550,  and  Edward  Eayrs  joins  the  aforesaid 
grantor  in  the  release.  The  other  release  includes  land  in 
Winchester  comprised  within  the  taking  dated  July  14, 
1893,  and  recorded  in  Middlesex  South  District  Deeds,  book 
2210,  page  162.  This  release  is  recorded  with  Middlesex 
South  District  Deeds,  book  2311,  pages  549  and  550,  and 
George  G.  Crocker  and  Henry  H.  Sprague  join  the  grantor 
in  said  release. 

George  A.  Wellington  of  Medford,  by  a  deed  dated  Sept. 
13,  1894  (recorded  with  Middlesex  South  District  Deeds, 
book  2312,  page  109),  quit-claims  to  the  Commonwealth 
*' rights,  privileges  and  easements"  in  land  in  that  part  of 
Medford  called  Wellington,  included  within  a  taking  made  by 
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this  Board  Oct.  3,  1891,  and  recorded  with  Middlesex  South 
District  Deeds,  book  2071,  page  1<)2.  This  is  accompanied 
by  an  assigomeat  from  Fred  C.  Patch  of  Wakefield,  dated 
Jaly  17,  1894,  ^<to  the  aforesaid  Wellingtoa  of  all  right, 
title  and  interest  in  and  to  any  damages  due  me  by  reason 
of  the  aforesaid  taking." 

A  release  from  Alfred  A.  Baldwin,  dated  Sept.  18,  1894, 
discharges  the  Commonwealth,  its  officers,  agents  and  ser- 
vants, from  all  suits,  actions,  claims  and  demands  for 
damages  by^  reason  of  the  taking  made  by  this  Board  Oct. 
28,  1891,  and  recorded  with  Middlesex  South  District  Deeds, 
book  2076,  page  262.  This  release  covers  a  narrow  strip 
of  land  in  Everett  in  the  neighborhood  of  the  Maiden  River. 

A  release  of  Patrick  Fedigan  of  Stoneham,  dated  Sept. 
20,  1894  (recorded  with  Middlesex  South  District  Deeds, 
book  2311,  page  551),  discharges  the  Commonwealth,  its 
officers,  agents  and  servants,  of  all  suits,  actions,  claims  and 
demands  for  damages,  by  reason  of  the  taking  signed  by  this 
Board  April  15,  1893,  and  recorded  with  Middlesex  South 
District  Deeds,  book  2186,  page  585.  This  covers  a  tract 
of  land  in  Woburn  on  the  main  line  of  the  sewer. 

A  similar  release  from  Michael  Casey  of  Maiden,  dated 
Sept.  21,  1894  (recorded  with  Middlesex  South  District 
Deeds,  book  2311,  page  548),  covers  a  tract  of  land  on  the 
line  of  the  Maiden  and  Melrose  branch,  included  within  the 
taking  of  this  Board  dated  Oct.  3,  1891,  and  recorded  with 
Middlesex  South  District  Deeds,  book  2071,  page  162. 

On  Sept.  22,  1894,  Francis  T.  Baker  of  New  York,  Fred- 
erick Eayrs  of  Taunton  and  other  heirs  of  Joseph  H.  Eayrs, 
late  of  Boston,  by  deed  recorded  with  Middlesex  South  Dis- 
trict Deeds,  book  2311,  page  543,  release  and  quit-claim  to 
the  Commonwealth  << rights,  privileges  and  easements"  in  a 
certain  parcel  of  land  in  P>erett  included  within  the  taking 
made  by  this  Board  Aug.  17,  1891,  and  recorded  with 
Middlesex  South  District  Deeds,  book  2064,  page  142. 
<<Kights,  privileges  and  easements"  in  a  tract  of  land  in 
Everett  included  within  the  aforesaid  taking,  dated  Aug.  17, 
1891,  were  quit-claimed  to  the  Commonwealth  by  Lewis  P. 
True  of  Everett,  by  deed  dated  Sept.  22,  1894  (recorded 
with  Middlesex  South  District  Deeds,  book  2311,  page  552)  ; 
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and  Adeline  True,  wife  of  said  Lewis,  by  deed  of  even  date 
quit-claims  to  the  Commonwealth  similar  rights  in  certain 
land  in  Everett  included  in  the  taking  of  this  Board,  dated 
Oct.  28,  18111,  and  recorded  with  Middlesex  South  District 
Deeds,  book  2076,  page  262.  The  latter  deed  is  recorded 
in  Middlesex  South  District  Deeds,  book  2311,  page  551. 

Damages  to  the  several  pieces  of  land  in  Medford  belong- 
ing to  George  S.  Hatch  and  others,  included  within  the 
taking  made  Nov.  25,  1891,  and  recorded  with  Middlesex 
South  District  Deeds,  book  2083,  page  368,  were  paid  by 
the  Commonwealth  upon  an  execution  issued  from  the 
superior  court ;  and  similar  damages  sustained  by  James  M. 
Usher,  administrator,  to  land  in  Medford  included  in  the 
taking  made  by  this  Board  Dec.  23,  1891,  and  recorded  in 
Middlesex  South  District  Deeds,  book  2089,  page  361,  were 
likewise  settled  by  the  Commonwealth. 

Land   Takings. 

On  the  map  accompanying  our  engineer's  report  of  last 
year  the  portions  shown  in  yellow  lines  indicated  the  sections 
then  remaining  to  be  constructed,  and  for  which  no  right 
of  way  had  been  taken.  These  comprise  Section  11,  on 
Eastern  Avenue,  Chelsea ;  sections  38  and  39,  in  East 
Boston  ;  sections  31  and  32,  Charlestown  ;  Section  35,  partly 
in  Charlestown  and  partly  in  Somerville  and  Medford ;  and 
Section  47,  in  Winchester  and  Woburn.  The  right  of  way 
on  Section  11  was  taken  by  this  Board  by  deed  executed 
May  26,  1894  (recorded  with  Suffolk  Deeds,  book  2203, 
page  425),  and  includes  that  portion  of  Eastern  Avenue, 
Chelsea,  between  Marginal  and  Willoughby  streets.  Sec- 
tions 38  and  39,  East  Boston,  were  taken  by  this  Board  by 
deed  executed  Juno  2,  1894  (recorded  with  Suffolk  Deeds, 
book  2203,  page  602),*  and  comprise  portions  of  the  public 
streets  of  that  section.  A  deed  executed  by  this  Board 
June  2,  1894  (recorded  in  Suffolk  Deeds,  book  2203,  page 
426),  takes  that  portion  of  Section  35  lying  in  Charlestown, 
and  also  that  portion  of  Section  31  lying  in  Main,  Cambridge 
and  Chapman  streets,  and  Rutherford  Avenue.  Another 
taking,  executed  by  this  Board  June  9,  1894  (recorded  in 
Suffolk  Deeds,  book  2205,  page  340),  starts  on  Chapman 
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Street,  at  a  point  about  thirty-five  feet  west  of  Rutherford 
Avenue,  and  extends  to  Front  Street  in  the  neighborhood  of 
the  Boston  &  Maine  freight  station  on  said  street,  and  from 
thence  follows  Front  and  Water  streets  to  the  gate  of  the 
Navy  Yard,  opposite  the  latter  street.  Another  taking  on 
this  same  section  was  made  by  this  Board  Sept.  29,  1894 
(recorded  in  Suffolk  Registry,  book  2227,  page  42) ,  and  com- 
prised that  portion  of  Chelsea  Street  opposite  the  Navy  Yard 
in  Charlestown,  included  between  the  south-westerly  line  of 
Vine  Street  and  the  north-easterly  line  of  Medford  Street. 
A  deed  dated  June  9,  1894  (recorded  with  Middlesex  South 
District  Deeds,  book  2282,  page  195),  includes  that  portion 
of  Section  35  lying  in  Somerville  and  Medford ;  and  on  June 
2,  1894,  this  Board,  by  deed  (recorded  in  Middlesex  South 
District  Deeds,  book  2282,  page  888),  took  **  rights, 
privileges  and  easements  "  in  land  lying  in  Winchester  and 
Woburn  on  the  line  of  Section  4t. 

Location  of    Sewer  Line. 

A  glance  at  the  map  will  show  that  the  takings  made  this 
year  are  entirely  upon  branches  in  Chelsea,  East  Boston, 
Charlestown,  Somerville,  Medford,  Winchester  and  Woburn. 
On  Section  11  the  line  of  the  sewer  starts  at  a  point  near  the 
junction  of  Marginal  Street  with  Eastern  Avenue  in  Chelsea, 
and  folloTvs  the  line  of  this  avenue,  a  public  street,  to  its 
junction  with  Willoughby  Street.  Sections  38  and  39  lie 
wholly  in  the  public  streets  of  East  Boston.  Beginning  at 
the  junction  of  Bremen  and  Marion  streets,  the  terminus  of 
Section  37,  Section  38  continues  through  Bremen  Street  and 
an  extension  of  Decatur  Street  to  Orleans  Street,  which 
street  it  follows  to  Marginal  Street ;  thence  it  follows  the  line 
of  Marginal  Street  to  a  point  about  1,000  feet  from  said 
Orleans  Street.  A  branch  extends  from  Orleans  Street 
through  Maverick  Street  to  Jeffries  Street,  and  through  the 
latter  street  to  the  southerly  line  of  Sumner  Street.  Section 
39  starts  on  Porter  Street  at  its  junction  with  Bremen  Street, 
and  passes  through  Porter  Street  to  Central  Square.  It 
continues  through  said  square,  passing  around  the  park  to 
Border  Street,  and  then  follows  Border  Street  northerly  as 
far  as  Condor  Street  and  southerly  to  Maverick  Street.     At 
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Maverick  Street  it  passes  through  said  street  and  New  Street 
to  the  southerly  line  of  Sumner  Street,  the  termious  at  this 
end  of  the  line.  On  the  north  the  line  passes  from  Border 
to  Condor  Street  to  its  junction  with  Meridian  Street,  where 
it  terminates.  Section  31  begins  in  Charlestown  in  Sullivan 
Square,  where  it  joins  Section  26,  the  branch  which  passes 
through  Charlestown,  Somerville  and  Cambridge.  From 
this  point  one  branch  follows  Main  Street  to  its  junction 
with  Beach  Street;  another  follows  Rutherford  Avenue  to 
Chapman  Street,  and  continues  on  Chapman  Street  about 
thirty-five  feet,  where  the  section  terminates.  Section  32 
begins  at  the  point  last  named  on  Chapman  Street,  and 
passes  by  tunnel  under  sundry  private  estates  and  public 
streets  to  the  location  of  the  Boston  &  Maine  freight  shed  on 
Front  Street.  Here  it  passes  through  said  street  to  Water 
Street,  and  follows  the  line  of  the  latter  to  the  gate  of  the 
Navy  Yard,  and  after  passing  through  said  yard  it  comes  out 
on  Chelsea  Street,  opposite  Vine  Street,  and  continues  on 
Chelsea  Street  to  Medford  Street.  Section  35  begins  at  a  point 
in  the  tract  of  land  on  Alford  Street,  Charlestown,  acquired 
by  the  city  of  Boston  for  a  public  park,  opposite  Arlington 
Avenue,  and  included  within  the  taking  made  by  this  Board 
June  24,  1893,  and  continues  across  said  land  and  Alford 
Street  to  Arlington  Avenue,  which  avenue  it  follows  to  land 
of  the  Boston  &  Maine  Railroad  Company.  Crossing  this 
land,  it  meets  Mystic  Avenue  in  Somerville  near  its  junction 
with  Austin  Street,  and  follows  this  avenue  through  Somer- 
ville and  Medford  to  about  fifty  feet  beyond  the  boundary 
line  between  said  cities.  Section  47  is  the  branch  designed 
for  the  relief  of  Cummingsville  and  its  vicinity.  It  leaves 
the  main  line  of  the  sewer  at  the  junction  of  Lake  and  Main 
streets,  in  Winchester,  and  follows  the  former  street  and 
Linden  Street  to  private  land  of  Isaac  H.  Kendall.  From 
here  to  the  boundary  line  between  Woburn  and  Winchester, 
and  some  thirty  feet  beyond  said  line  in  Woburn,  it  passes 
through  private  estates,  following  in  general  the  line  of  Horn 
Pond  Brook. 

The  right  of  way  through  the  Charlestown  Navy  Yard  has 
not  yet  been  formally  taken  by  this  Board.  The  following 
correspondence,  however,  passed  between  this  Board  and  the 
department  at  Washington  in  relation  to  the  same  :  — 
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Board  op  Mbtbofolitan  Sbwbhaob  Commissionbrb  of  MABSAOHUsBTTSy 

Boston,  Sept.  23, 1893. 
To  the  Hon.  Hilaht  A.  Herbert, 

Secretary  of  the  Navy  of  the  United  States  of  America. 

Respectfully  represents  the  Board  of  Metropolitan  Sewerage 
Commissioners  of  Massachasetts,  created  under  and  in  parsaance 
of  an  act  of  the  General  Court  of  said  Commonwealth,  entitled 
^^  An  act  to  provide  for  the  building,  maintenance  and  operation 
of  a  system  of  sewage  disposal  for  the  Mystic  and  Charles  River 
valleys,"  approved  June  7,  A.D.  1889,  and  being  chapter  439  of 
tUe  Acts  of  said  year ;  that  the  route  selected  for  the  metropolitan 
sewer  lies  through  the  United  States  Navy  Yard,  Charlestown, 
Mass.  The  route  selected  has  been  approved  by  the  civil  engineer 
at  that  place.  This  proposed  metropolitan  sewer  would  intercept 
the  sewage  of  city  sewers  which  now  discharge  into  the  Navy  Yard 
dock.  Mr.  Howard  A.  Carson,  our  chief  engineer,  is  at  your  ser- 
vice to  furnish  any  further  information  you  may  desire. 

Wherefore  this  Board  respectfully  requests  that  this  work  in  the 

position  indicated  on  the  enclosed  tracing  No.  1765  (^^  Proposed 

location  of  the  metropolitan  sewer  in  the  United  States  Navy  Yard, 

Charlestown,  Mass.,"  signed  by  Hosea  Kingman,  chairman,  and 

Howard  A.  Carson,  chief  engineer)  may  be  authorized,  approved 

and  permitted. 

(Signed)  Hosra  Kingman, 

Chairman  Metropolitan  Sewerage  Commissioners, 
The  following  communication  was  received  in  reply :  — 

Navt  Department, 
Washinotox,  Oct.  24, 1893. 

Sir  :  —  The  department  has  considered  the  matters  presented  in 
your  communication  of  the  23d  ultimo,  in  which,  as  chairman  of 
the  Metropolitan  Sewerage  Commission,  created  in  pursuance  of 
an  act  of  the  General  Court  of  the  Commonwealth  of  Massachu- 
setts, entitled  ^^  An  act  to  provide  for  the  building,  maintenance 
and  operation  of  a  system  of  sewage  disposal  for  the  Mystic  and 
Charles  River  valleys,"  you  state  that  the  route  selected  for  the 
metropolitan  sewer  lies  through  the  Navy  Yard,  Charlestown, 
Mass.,  and  request  that  this  work,  in  the  position  indicated  on 
the  tracing  (tracing  No.  1765)  which  accompanies  your  letter,  may 
be  authorized. 

It  appears  from  an  examination  of  the  tracing  referred  to  that 
the  proposed  sewer  will  intercept  the  sewage  of  the  city  sewers 
which  now  discharge  into  the  Navy  Yard  dock. 
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The  chief  of  the  Bareau  of  the  Yards  and  Docks,  in  response  to 
an  inquiry  made  by  the  department  upon  the  receipt  of  your  com- 
munication above  mentioned,  makes  the  following  report :  — 

The  original  line,  as  laid  down  in  red  ink  in  the  accompanying  plan 
for  the  sewer  in  question,  is  approved  and  recommended  by  the  Bureau, 
provided  that  the  ropewalk  and  wall  shall  not  be  in  any  wise  disturbed, 
but  shall  be  tunnelled;  that  appropriate  branches  shall  be  built  to  con- 
nect with  the  yard  sewers ;  that  all  dirt  left  over,  after  filling  up  ezca- 
rations,  shall  be  removed  from  the  yard  by  and  at  the  expense  of  the 
State  Commissioners ;  that  the  surface  shall  be  left  as  at  present  and 
clear  of  all  debris ;  that  the  State  Commissioner  shall  repair  or  pay  for 
any  damage  to  the  government  property ;  and  that  the  work  shall  be 
completed  in  a  reasonable  time,  —  that  is  to  say,  that  from  its  com- 
mencement to  completion  in  the  yard  the  work  shall  not  be  abandoned 
or  retarded  temporarily,  except  on  account  of  bad  weather. 

It  is  the  desire  of  this  department  to  grant  all  proper  facilities, 
within  the  limits  of  its  autho^ty,  in  aid  of  the  construction  of  a 
work  of  this  character.  It  is  to  be  borne  in  mind,  however,  that 
the  department  has  no  power,  without  the  sanction  of  Congress,  to 
grant  any  irrevocable  privilege  or  right,  or  to  authorize  the  con- 
struction of  a  permanent  work  of  any  kind,  in  or  upon  the  Navy 
Yard  lands,  the  disposal  of  which  rests  exclusively  with  Congress ; 
nor  can  the  department  properly  undertake  to  bear  any  of  the  ex- 
penses incident  to  or  consequent  upon  the  construction  or  main- 
tenance in  repair  of  such  work,  in  the  absence  of  an  appropriation 
available  for  these  purposes. 

It  is  apparent,  from  the  above  statement,  that  any  permission, 
authorization  or  license  which  the  department  might  grant  in  this 
case  must  be  subject  to  revocation  at  any  time  when  such  action 
is  required  by  the  public  interests,  or  is  rendered  necessary  in 
order  to  carry  out  the  provisions  of  any  act  of  Congress. 

If,  notwithstanding  the  limitations  upon  the  department's  power 
in  a  matter  of  this  character,  the  Board  still  desires  the  approval 
of  the  location  selected  for  the  intercepting  sewer  in  question,  such 
location  will  be  approved,  and  the  necessary  orders  issued  to  per- 
mit the  construction  of  the  work  under  the  restrictions  above 
mentioned.  Very  respectfully, 

(Signed)  H.  A.  Herbert, 

Secretary  of  Che  Navy, 

Mr.  HosBA  KiNOMAN,  Chairman  Metropolitan  Sewerage  Commission, 
110  Boylston  Street,  Boston,  Mass, 
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The  following  letter  was  then  sent :  — 

BoABD  OF  Metropolitan  Sbwbeaob  Com  mtsioNBiiA  of  ^Massac  hcsbtts, 

Boston,  Oct.  28, 1893. 
Hon.  H.  A.  Herbert, 

Secretary  of  the  Navy,  Washington,  D,  C, 

Dear  Sir:  —  Your  commuDieatioQ  of  Oct.  24,  1893,  received 
and  duly  considered  by  this  Board.  We  do  still  desire  the  ap- 
proval of  the  location  selected  for  the  metropolitan  sewer,  and  re- 
quest that  the  necessary  orders  be  issued  to  permit  the  construction 
of  the  work  under  the  restrictions  named  in  your  said  communica- 
tion. 

For  the  Board, 

Yours  very  respectfully, 

(Signed)  Hosejl  Kingman,  Chairman. 

In  reply  to  which  the  following  letters  were  received  :  — 

Nayt  Dbpartmbnt, 

Officb  of  thb  Judge  Advocate  General, 

Wabhxmoton,  Oct  81, 1893. 

Gentlemen  :  —  Referring  to  the  department's  communication  of 
the  24th  instant,  and  to  your  reply  to  the  same,  dated  the  28th 
idem,  I  transmit  herewith  for  your  information  a  copy  of  the  de- 
partment's action  in  the  matter  of  the  construction  of  an  inter- 
cepting sewer  through  the  Navy  Yard,  Charlestown,  Mass.,  under 
the  restrictions  stated  in  the  department's  communication  above 
referred  to. 

By  direction  of  the  Secretary  of  the  Navy, 

Very  respectfully, 
(Signed)  James  C.  Lewis, 

Judge  Advocate  QeriertU, 
M^ropohtan  Sewerage  Commissioners, 

110  Bo^lston  Street,  Boston,  Mass. 

Mayt  Departmbiit, 
Washikoton,  Oct.  81,  1883. 

Subject:  Metropolitan  Sewerage  Commission,  Boston,  Mass., 
requests  permission  to  construct  intersecting  sewer  throngb  the 
Navy  Yard,  Boston,  Mass. 

Returned  to  the  Bureau  of  Yards  and  Docks. 

In  a  communication  dated  Oct.  24,  1893,  the  department  ad- 
vised the  Metropolitan  Sewerage  Commission  of  the  contents  of 
the  Bureau's  indorsement  of  the  19th  instant,  and  informed  the 
commission  that,  while  it  was  its  desire  to  grant  all  proper  facili* 
ties  within  the  limits  of  its  authority  in  aid  of  the  construction  of 
a  work  of  this  character,  the  department  has  no  power,  without 
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the  sanction  of  Congress,  to  grant  any  irrevocable  privilege  or 
right,  or  to  authorize  the  construction  of  a  permanent  work  of  any 
kind,  in  or  upon  Navy  Yard  lands,  the  disposal  of  which  rests  ex- 
clusively with  Congress.  The  commission  were  further  advised 
that  the  department  cannot  properly  undertake  in  the  present  case 
to  bear  any  of  the  expenses  incident  to,  or  consequent  upon,  the 
construction  or  maintenance  in  repair  of  such  a  work,  but  were  in- 
formed that  if,  notwithstanding  the  limitations  and  restrictions 
mentioned,  the  Board  still  desired  the  approval  of  the  location 
selected  for  the  intersecting  sewer  in  question,  such  location  would 
be  approved,  and  the  necessary  orders  issued  to  permit  the  con- 
struction of  the  work  under  the  restrictions  mentioned; 

The  Metropolitan  Sewerage  Commission,  having  signified,  in  a 
communication  dated  the  28th  instant,  that  after  due  consideration 
they  still  desire  the  approval  of  the  location  selected  for  the 
metropolitan  sewer,  and  having  requested  that  the  necessary  or- 
ders be  issued  to  permit  the  construction  of  the  work,  under  the 
restrictions  named  in  the  department's  communication  of  October 
24,  the  recommendation  contained  in  the  Bureau*s  indorsement  of 
the  19th  instant  herewith,  that  the  original  line,  as  laid  down  in 
red  ink  in  the  accompanying  plan  for  the  sewer  in  question,  be 
adopted,  is  approved,  and  the  Bureau  is  hereby  authorized  to  issue 
the  orders  and  instructions  necessary  to  permit  the  Metropolitan 
Sewerage  Commission  to  construct  the  intercepting  sewer  in  ques- 
tion, under  the  restrictions  named  in  the  Bureau's  indorsement,  it 
being  further  expressly  understood  that  the  permission  or  license 
hereby  granted  is  subject  to  revocation  at  any  time  when  such 
action  may  be  required  by  the  public  interests  or  rendered  neces- 
sary in  order  to  carry  out  the  provisions  of  any  act  of  Congress. 

A  copy  of  the  department's  letter  of  the  24th  instant,  and  the 
communication  of  the  Metropolitan  Sewerage  Commission  assent- 
ing to  the  conditions  therein  set  forth,  are  enclosed  for  the 
Bureau*s  information. 

(Signed)  H.  A.  Herbert, 

Secretary  of  the  Navy, 

The  following  letter  was  also  received  from  the  Commo- 
dore Commandant  of  the  Navy  Yard,  accompanied  by  a  copy 
of  the  foregoing  letter  from  the  Secretary  of  the  Navy,  dated 
Oct.  31,  1893:— 

TT.  S.  Navy  Yard, 
Boston,  Nov.  14,  1893. 

Sir  :  — In  compliance  with  instmctions  from  the  Bureau  of  Yards 
and  Docks,  I  enclose  herewith  for  your  information  a  copy  of  the 
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department's  indorsement  npon  a  commanication  to  that  Bureau, 
and  would  respectfully  inform  you  that  I  have  issued  the  necessary 
instructions  to  permit  the  Metropolitan  Sewerage  Commission  to 
construct  the  intercepting  sewer  in  question,  under  the  restrictions 
named. 

1  would  thank  you  to  inform  me  about  the  time  it  is  proposed  to 
commence  the  work. 

Very  respectfully, 

(Signed)  Joseph  Fyffe, 

Commodore  Commandant, 

Mr.  HoSRA  KiNOMAK,  Chairman  Metropolitan  Seweroffe  Commisnotif 
110  BoyUton  Street y  BostoHf  Mcua. 

To  this  the  following  reply  was  sent : — 

6o\KD  OP  Metbopolitan  Sbwbhaob  Commissioners  op  MASsACHrsBrre, 

Boston,  Nov.  18, 1893. 
Commodore  Joseph  Fyfke, 

Commandant  U.  S.  Navy  Yard^  Boston^  Mass. 

Sir  :  —  Your  letter  of  the  14th  inst.,  with  a  copy  of  the  indorse- 
ment from  the  Department  of  Yards  and  Docks,  came  duly  to 
hand  and  was  laid  hefore  the  Board  this  day.  The  work  con- 
templated will  probably  not  be  entered  upon  until  some  time  late 
in  the  winter  or  early  in  the  spring,  but  timely  notice  will  be  given 
you  thereof. 

For  the  Board, 

Yours  very  respectfully, 

(Signed)  Edward  P.  Fise, 

CUrh. 

The  following  correspondence  passed  between  this  Board 
and  the  War  Department  at  Washington  in  regard  to  cross- 
ing sections  of  the  tidal  waters  in  Boston  harbor  by  the 
sewer :  — 

Board  of  Metropolitan  Sewbbaob  Commissioners  of  Marsachusbtts, 

Boston,  Jan.  20,  1894. 
To  the  Hon.  Daniel  S.  Lamomt, 

Secretary  of  War  of  the  United  States  of  America, 

Respectfully  represents  the  Board  of  Metropolitan  Sewerage 
Commissioners,  ordered  by  chapter  439  of  the  Acts  of  1889  of  the 
General  Court  of  said  Commonwealth  to  construct  the  metro- 
politan sewerage  system ;  that  your  department  approved,  April 
9,  1891,  various  constructions  in  Boston  harbor  pertaining  to  this 
system,  and  among  others  a  siphon  under  Maiden  River,  which 
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siphon  was  shown  on  Tracing  No.  833  (submitted  March  21 , 
1891).  The  said  tracing  showed  the  siphon  to  consist  of  two 
lines  of  thirty-siz-inch  pipe.  The  Board  now  desires  to  change 
the  cross-section  according  to  the  method  of  construction  used,  to 
slightly  change  the  location  of  the  southerly  pipe  (the  upper  sur- 
faces of  the  pipes  to  remain  as  before),  and  to  somewhat  alter  the 
pipe  chambers;  all  as  shown  on  drawing  and  tracing  numbered 
1856  submitted  herewith. 

Mr.  Howard  A.  Carson,  our  chief  engineer,  is  at  your  service  to 
furnish  any  further  information  you  may  desire. 

Wherefore  this  Board  respectfully  requests  that  the  said  changed 

construction,  as  above  described,  may  be  authorized,  approved 

and  permitted. 

(Signed)  Hosea  Kingman, 

Chairman  Melropolilan  Sewerage  Commissioners. 

The  reply  of  the  War  Department  follows,  together  with 
a  copy  of  an  instrument  attached  to  and  expressing  the 
approval  of  the  said  department  of  the  aforementioned  plan 
numbered  1856. 

War  Dkpabtm bnt, 
Washiicoton,  D.  C,  Feb.  16,  1894. 

Sir  :  —  Referring  to  your  letter  of  Jan.  20, 1894,  herewith  please 
find  for  retention  an  instrument  expressing  the  approval  of  this 
department,  under  section  8  of  the  river  and  harbor  act,  approved 
July  13,  1892,  of  the  amended  plans  of  a  siphon  under  Maiden 
River,  in  Boston  harbor,  Mass.,  to  be  constructed  by  the  Board  of 
Metropolitan  Sewerage  Commissioners  of  Boston,  Mass. 

Very  respectfully, 

(Signed)  Joseph  P.  Doe, 

Acting  Secretary  of  War. 

Hosea  Kingman,  Esq., 

Chairman  Metropolitan  Sewerage  Commissioners^  Boston^  Mass. 

Whereas,  By  section  3  of  an  act  of  Congress,  approved  July 
18,  1892,  entitled  ^^  An  act  making  appropriations  for  the  con- 
struction, repair  and  preservation  of  certain  public  works  on 
rivers  and  harbors,  and  for  other  purposes,"  it  is  provided  that, 
without  the  permission  of  the  Secretary  of  War,  it  shall  not  be 
lawful  to  build  any  wharf,  pier,  dolphin,  boom,  dam,  weir,  break- 
water, bulkhead,  jetty  or  structures  of  any  kind  outside  estab- 
lished harbor  lines,  or  where  no  harbor  lines  are  or  may  be 
established,  in  any  port,  roadstead,  haven,  harbor,  navigable  river 
or  other  waters  of  the  United  States,  in  such  manner  as  shall 
obstruct  or  impair  navigation,  commerce  or  anchorage  of  said 
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waters ;  or  to  excavate  or  fill,  or  in  any  manner  to  alter  or  modify 
the  coarse,  location,  condition  or  capacity  of  any  port,  roadstead, 
haven,  harbor,  harbor  of  refage  or  inclosure  within  the  limits  of 
any  breakwater,  or  of  the  channel  of  any  navigable  water  of  the 
United  States,  unless  approved  and  authorized  by  the  Secretary  of 
War; 

And  Whereas,  The  Board  of  Metropolitan  Sewerage  Commis- 
siouers,  ordered  by  chapter  439  of  the  Acts  of  1889  of  the  General 
Court  of  the  Commonwealth  of  Massachusetts  to  construct  the 
metropolitan  sewerage  system,  has  submitted  to  the  Secretary  of 
War  for  his  approval  amended  plans  of  a  siphon  under  Maiden 
River,  in  Boston  harbor,  Mass.,  and  has  applied  for  permission  to 
construct  said  siphon  in  accordance  with  said  plans ; 

Now,  Therefore,  This  is  to  certify  that  the  Acting  Secretary 
of  War  hereby  gives  permission  to  the  said  Board  of  Metropolitan 
Sewerage  Commissioners  to  construct  said  siphon  in  accordance 
with  said  plans,  which  are  hereto  attached,  and  hereby  approves 
and  authorizes  the  excavation  and  filling  which  may  be  necessary 
in  constructing  said  siphon,  subject,  however,  to  the  following 
condition :  — 

That  all  the  work  to  be  done  under  this  instrument  shall  be  sub- 
ject to  the  supervision  and  approval  of  the  engineer  ofiicer  of  the 
United  States  Army  in  charge  of  the  locality. 

Witness  my  hand  this  sixteenth  day  of  February,  1894. 

(Signed)  Joseph  B.  Doe, 

Acting  Secretary  of  War, 
[Seal  of  the  Was  Offiob.] 

On  Feb.  3,  1894,  this  plan  was  submitted  to  the  Board  of 
Harbor  and  Land  Commissioners,  and  received  their  ap- 
proval on  the  26th  of  the  same  month.  On  Sept.  20,  1894, 
this  Board  again  submitted  to  the  Harbor  and  Land  Com- 
missioners plans  for  a  siphon  under  Mystic  River  between 
Medford  and  Somerville,  near  Boston  Avenue  bridge,  and 
this  plan  received  their  approval  Sept.  28,  1894. 

Contracts. 

Contracts  for  eight  new  sections,  all  of  them  branches, 
have  been  made  on  this  line  during  the  past  year.  The 
methods  of  advertising,  receiving  bids  and  awarding  con- 
tracts, described  in  our  previous  reports,  were  followed  in 
these  particular  cases.  On  May  5  bids  were  received  for 
the  construction  of  sections  35,  38,  39  and  47,  particulars  of 
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which  are  contaiDed  in  Table  A  of  the  Appendix.  These  sec- 
tions were  awarded  in  each  case  to  the  lowest  bidders ;  James 
Heath  &  Son  of  Lynn  receiving  the  contracts  on  sections  35 
and  38,  the  Metropolitan  Construction  Company  of  Boston 
that  on  Section  39,  and  Lindsey  &  Cudmore  of  Somerville 
that  on  Section  47.  On  May  12  bids  were  received  for  three 
other  sections,  particulars  of  which  will  be  found  in  Table  A 
of  the  Appendix.  The  lowest  bidders  in  each  case  were 
awarded  the  contracts,  Charles  Linehan  receiving  that  on 
Section  11  and  the  Metropolitan  Construction  Company  those 
on  sections  31  and  32.  On  August  25  this  Board  awarded 
the  contract  on  Section  36,  a  short  branch  of  Section  37  in 
East  Boston,  extending  across  Eagle  Square,  to  the  National 
Construction  Company,  the  only  bidder  upon  this  section. 
On  Dec.  2,  1893,  the  chief  engineer  submitted  to  the  Board 
three  bids  for  the  construction  of  the  siphon  at  Abbajona 
River,  he  having  previously  been  authorized  by  the  Board 
to  communicate  with  contractors  regarding  the  same.  The 
lowest  of  the  three,  that  of  Thomas  J.  Young  &  Co.,  was 
accepted,  and  the  contract  therefor  duly  executed.  On  May 
19,  1894,  the  following  certificate  was  presented  to  the 
Board  by  the  chief  engineer :  — 

Boston,  May  19, 1894. 

HosEA  Kingman,  Tilly  Haynes,  Harvey  N.  Collison, 
Metropolitan  Sewerage  Commissioners, 

Gentlemen  :  —  I  hereby  certify  that  in  my  opinion  the  work  on 
the  sand-catcher,  siphon  and  sewer  across  Abbajona  River,  Win- 
chester, Thomas  J.  Young  &  Co. ,  contractors,  is  unnecessarily  and 
unreasonably  delayed. 

Yours  respectfully, 

(Signed)  H.  A.  Carson, 


Chief  Engineer, 


Thereupon  the  Board  — 


Votedy  That  Thomas  J.  Young  &  Co.,  contractors  for  work  on  a 
sand-catcher,  siphon  and  sewer  across  Abbajona  River,  Winches- 
ter, be  notified  to  discontinue  all  work  under  their  contract  dated 
Dec.  2,  1893,  for  work  on  said  section ;  that  work  on  said  section 
be  immediately  prosecuted  by  the  Board,  under  the  direction  of 
the  engineer,  in  accordance  with  the  provisions  of  Section  L  of  the 
specifications  for  Section  44^. 
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The  contractors  were  duly  notified,  the  work  was  taken 
from  them  and  prosecuted  by  the  Board  under  the  direction 
of  the  engineer,  and  duly  completed  at  an  advance  over  their 
bid  of  some  fifteen  hundred  dollars. 

On  Feb.  17,  1894,  the  chief  engineer  presented  a  report, 
showing  that  the  work  contracted  for  by  McGovern  &  Eitch 
upon  Section  27,  Cambridge  and  Somerville,  and  taken  from 
them  by  vote  of  the  Board  Oct.  15,  1892,  had  been  com- 
pleted at  an  expense  of  $17,489.20  in  excess  of  the  contract 
price.  The  following  communication  was  thereupon  sent  to 
the  contractors :  — 

Board  of  Mbtbopolitan  Sbwebagb  Commmsioitbrs  of  Massac husbtts, 

Boston,  March  1, 1894. 
Messrs.  McGovern  &  Kitch, 

15  E,  WcUnut  Street,  Lancaster,  Penn, 

Gentlemen  :  —  Under  the  provisions  of  Section  L  of  the  con- 
tract, executed  by  you  May  7,  1892,  with  the  Commonwealth,  by 
its  Board  of  Metropolitan  Sewerage  Commissioners,  for  the  con- 
Btuction  of  Section  27,  north  metropolitan  system,  this  Board  has 
completed  said  section  at  a  cost  of  $17,489.20  in  excess  of  con- 
tract price  (as  per  enclosed  statement) ,  after  crediting  the  balance 
which  you  would  have  been  entitled  to  had  you  performed  your 
contract ;  and  now  demand  of  you  payment  to  the  Commonwealth 
of  the  sum  of  $6,000,  the  amount  of  the  bond  given  by  you  for  the 
completion  of  the  work. 

For  the  Board, 

Yours  truly, 

(Signed)  Edwabd  P.  Fisk, 

Clerk. 

The  American  Surety  Company  of  New  York,  the  surety 
on  the  bond  given  the  Commonwealth  by  the  said  contract- 
ors, was  also  notified  ;  and  the  Board  received  the  following 
from  the  contractors  :  — 

Boston,  Mass.,  March  6, 1894. 

Gentlemen  :  —  We  have  received  the  letter  of  your  clerk  de- 
manding payment  of  bond  under  contract  of  May  7,  1892.  We 
have  placed  the  bond  in  the  hands  of  Mr.  Freedom  Hutchinson  of 
23  Court  Street,  Boston,  to  make  such  settlement  of  the  matter  as 
his  judgment  may  approve. 

Yours  respectfully, 

(Signed)  McGovern  <Sc  Eitch. 

To  the  Sewer  Commissioners  of  Metropolitan  System,  Mass, 
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On  March  17  the  attorney  of  the  Board,  William  D. 
Turner,  was  directed  to  bring  suit  on  the  bond  of  McGovern 
&  Kitch.  Suit  was  brought  and  is  now  pending  in  the  supe- 
rior court. 

On  July  14  the  chief  engineer  called  the  attention  of  the 
Board  to  the  delay  in  the  work  upon  Section  7,  Pelle  Isle 
Inlet,  by  the  contractors,  Trumbull  &  Ryan.  They  were 
notified  to  meet  the  Board  for  consultation  regarding  the 
completion  of  said  section  on  the  following  Saturday,  July 
21,  when,  after  bearing  these  contractors,  the  following  com- 
munication was  submitted  by  the  chief  engineer :  — 

HOSEA  KiNGMAX,  TiLLT  HaTNES,  HaRVET  N.  COLLTSON, 

Metropolitan  Sewerage  Commissioners, 

Gentlemen  :  —  I  hereby  certify  that  in  my  opinion  the  work  on 
Section  7,  Belle  Isle  Inlet,  is  unnecessarily  and  unreasonably  de- 
layed, and  I  earnestly  recommend  that  the  work  be  taken  at  once 
from  the  contractors  and  prosecuted  directly  by  the  Board. 

Yours  respectfully, 

(Signed)  H.  A.  Carson, 

Chief  Engineer, 

The  Board  thereupon  passed  the  following  vote  :  — 

Voted^  That  Trumbull  &  Ryan,  the  contractors  for  work  on 
Section  7,  be  notified  to  discontinue  all  work  under  their  contract 
for  work  on  said  section  ;  that  work  on  said  section  be  immediately 
prosecuted  by  the  Board,  under  the  direction  of  the  engineer,  in 
accordance  with  provisions  of  Section  L  of  their  contract. 

The  contractors  and  their  bondsmen  were  duly  notified 
thereof,  and  work  on  this  section  has  since  been  prosecuted 
by  this  Board,  under  the  direction  of  the  engineer.  On  Sep- 
tember 12  the  following  communication  was  submitted  to  the 
Board  by  the  chief  engineer :  — 

Boston,  Sept.  8, 1894. 

HosEA  Kingman*  Tilly  Haynes,  Harvey  N.  Collison, 

Metropolitan  Sewerage  Commissioners. 

Gentlemen:  —  As  I  have  heretofore  stated  to  you  in  person, 
the  work  on  Section  39,  and  especially  that  on  Porter  Street,  be- 
tween Bremen  Street  and  Central  Square,  East  Boston,  is  in  my 
opinion  unnecessarily  and  unreasonably  delayed. 

Yours  respectfully, 

(Signed)  H.  A.  Carson, 

Chief  Engineer, 
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The  Board  thereupon  passed  the  following  vote :  — 

Voted ^  That  the  Metropolitan  Construction  Company,  the  con- 
tractors for  work  on  Section  39,  East  Boston,  be  notified  to  dis- 
continue all  work  under  their  contract  on  that  portion  of  said 
section  lying  on  Porter  Street  between  Bremen  Street  and  Central 
Square  ;  that  work  on  said  portion  of  the  section  be  immediately 
prosecuted  by  the  Board,  under  the  direction  of  the  engineer,  in 
accordance  with  the  provisions  of  Section  L  of  their  contract. 

Id  accordance  with  the  foregoing  vote,  work  has  also  been 
prosecuted  here  by  the  Board,  under  the  direction  of  its 
chief  engineer. 

Contracts  fob  Pumping  Stations. 

Contracts  have  been  made  the  past  }^ear  for  the  erection 
of  pumping  stations  at  Mystic  River  (Charlestown),  Chelsea 
Creek  (East  Boston)  and  Deer  Island,  contracts  for  the  erec- 
tion of  the  pumping  plants  having  been  executed  in  1893. 
On  March  31,  1894,  seventeen  bids  were  received  for  the 
construction  of  the  pumping  station  on  Deer  Island,  from 
which  after  due  consideration  the  Board  accepted  that  of 
Gooch  &  Pray  of  Boston,  the  lowest  bidders.  (Table  B, 
Appendix,  contains  a  full  list  of  bids  on  this  and  the  other 
pumping  stations.)  The  bids  for  the  East  Boston  station, 
fourteen  in  number,  were  received  and  opened  April  14, 
1894,  Edward  E.  Strout  of  Lynn,  the  lowest  bidder,  receiv- 
ing the  award.  The  bids  for  the  station  at  Charlestown 
were  received  and  opened  Aug.  11,  1894.  From  sixteen 
bids  then  submitted,  that  of  Edward  Lynch  &  Co.,  the  low- 
est, was  accepted. 

Claims  op  Contractors, 

The  claims  of  several  of  the  contractors  upon  this  line  for 
additional  compensation  under  their  contracts  and  for  extra 
work  have  been  settled,  among  them  the  following :  — 

R.  A.  Malone  &  Son,  by  a  release  dated  Dec.  2,  1893, 
discbarge  the  Commonwealth  **of  all  claims  and  demands 
arising  out  of  our  contracts  relating  to  said  sections"  (sec- 
tions 23,  16  and  40).  On  June  7,  1894,  Andrew  W.  Bryne 
gives  a  similar  release  to  the  Commonwealth  for  his  claims 
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growing  out  of  the  construction  of  Section  22.  On  the  25th 
of  the  same  month  Orrin  P.  Roberts  releases  the  Common- 
wealth from  all  additional  claims  growing  out  of  the  con- 
struction of  Section  12 ;  and  the  Metropolitan  Construction 
Company,  by  a  release  dated  July  12,  1894,  releases  the 
Commonwealth  from  all  claims  whatsover  growing  out  of  the 
construction  of  Section  14,  excepting,  however,  the  reserve 
held  by  this  Board  under  the  provisions  of  its  contract  on 
said  section.  Besides  the  foregoing,  there  have  been  several 
minor  claims  of  small  amounts  settled. 

The  towns  and  cities  embraced  within  this  system  have 
been  authorized  to  connect  their  local  sewers  with  the 
metropolitan  sewer,  in  accordance  with  plans  approved  by 
this  Board,  as  shown  in  the  following  table.  Some  of  them 
have  already  made  connections  and  others  are  in  progress, 
while  others  still  are  yet  to  be  commenced. 
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Maintaining  and  Opekating  the  North  Metropolitan 

System. 

The  following  commaDication  was  sent  to  the  treasarer  of 
the  Commonwealth  by  this  Board  on  Jan.  26,  1894 :  — 

BOAILD  07  MBTROPOUTAM  SBWESAOB  CoMMIBBZOVBRS  op  MA88ACHU8BTT8, 

Boston,  Jan.  26,  1894. 

To  the  Treasurer  of  the  CommanwecUth  of  Massachuselts^ 
State  House,  Boston,  Mass. 

Sir:  —  On  Sept.  27,  1890,  we  transmitted  to  yon  a  certificate  of 
car  estimate  (then  made)  of  the  cost  of  the  maintenance  and 
operation  of  the  system  of  sewage  disposal  for  the  cities  of 
Boston,  Cambridge,  Somerville,  Maiden,  Chelsea  and  Wobnrn, 
and  the  towns  of  Stoneham,  Melrose,  Winchester,  Arlington, 
Belmont,  Medford,  Everett  and  Winthrop  (called  by  as  the  north 
metropolitan  system),  for  each  of  the  years  of  1890  to  1895 
inclusive. 

By  that  estimate  the  sum  of  $74,000  was  given  as  the  cost  for 
the  year  1894,  and  the  sum  of  $89,000  as  the  cost  for  the  year 
1895. 

We  now  estimate  and  certify  that  for  the  year  1894  the  sum  of 
$43,000  will  be  sufficient  to  pay  such  cost,  and  the  cost  for  the 
year  1895  will  be  $89,000. 

(Signed)  Hosea  Einoman, 

Tilly  Hatnes, 
Harvet  N.  Collison, 
Metropolitan  Sewerage  Commissioners, 

This  was  duly  referred  to  the  Legislature  then  in  session, 
and  the  amount  for  1894  ($43,000)  was  appropriated  by 
chapter  131,  Acts  of  1894.  As  this  system  is  not  yet  in 
operation,  the  amount  so  appropriated  remains  in  the 
treasury  untouched,  to  be  used  as  soon  as  operation  on  said 
system  begins. 

Expenditures. 

The  expenditures  upon  this  system,  including  all  payments 
on  account  of  contracts  during  the  twelve  months  ending 
Sept.  30,  1894,  amount  to  $1,115,190.19.  This,  with  the 
amount  previously  reported,  $2,834,526.12,  makes  the  total 
expenditures  to  date  $3,949,716.31.  Your  attention  is  called 
to  the  tables  submitted  herewith  for  matters  of  detail. 
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CHARLES  RIVER  VALLEY  SYSTEM. 

There  is  little  to  report  of  this  system  beyond  its  steady 
operation  and  the  settlement  of  land  damage  with  sandry 
parties  during  the  year.  Table  D  in  the  Appendix  contains 
a  full  statement  of  the  cost  of  operation  for  the  year  ending 
Sept.  30,  1894,  and  the  following  settlements  for  land 
damage  have  been  made  :  — 

John  Gleason  of  Watertown,  with  Thomas  and  Mary 
O'Keefe,  both  of  New  York,  by  a  deed  dated  Sept.  19,  1893 
(recorded  in  Middlesex  South  District  Deeds,  book  2242,  page 
10),  released  to  the  Commonwealth  *<  rights,  privileges  and 
easements"  in  Watertown,  included  within  a  taking  made  by 
this  Board  dated  March  7,  1891,  and  recorded  in  Middlesex 
South  District  Deeds,  book  2030,  page  121.  By  a  deed 
dated  Oct.  30,  1893,  Eben  D.  Jordan  quit-claims  to  the 
Commonwealth  **  rights,  privileges  and  easements"  in  and  to 
a  certain  parcel  of  land  in  Boston  (Brighton),  included  within 
the  taking  of  this  Board  dated  Sept.  10,  1890,  and  recorded 
in  Suffolk  Deeds,  book  1955,  page  516.  This  deed  is  re- 
corded in  Suffolk  Deeds,  book  2168,  page  222.  James  A. 
Hathaway,  by  a  deed  dated  Feb.  16,  1894,  releases  the 
Commonwealth,  its  oflScers,  agents  and  servants,  from  all 
claims  and  demands  by  reason  of  the  taking  of  this  Board 
dated  Sept.  10,  1890,  and  recorded  in  Suffolk  Deeds,  book 
11^55,  page  516.  This  deed,  which  is  recorded  in  Suffolk 
Deeds,  book  2186,  page  48,  covers  a  portion  of  the  sewer 
location  in  Brighton,  extending  through  Bertram  Street  and 
private  land  east  of  Kena  Street. 

The  following  cases,  reported  in  our  last  annual  report  as 
pending  in  the  superior  court  in  Suffolk  and  Middlesex 
counties,  have  been  settled  upon  executions  from  said 
court :  — 

Frederick  Ayer,  a  strip  of  land  adjoining  the  Back  Bay 
Fens,  formally  taken  by  this  Board  by  deed  dated  Oct.  11, 
18d0,  recorded  in  Suffolk  Registry,  book  1962,  page  36. 
Francis  W.  Lawrence,  Geo.  Wheatland,  Jr.,  and  the  Law- 
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rence  Land  Trust  (Francis  W.  Lawrence  and  William  Minot, 
Jr.,  trustees),  for  land  on  St.  Mary's  Street,  Brookline  and 
Boston,  taken  Aug.  2,  1890,  by  deed  of  this  Board,  recorded 
in  Suffolk  Registry,  book  1948,  page  497,  and  also  in  Nor- 
folk Kegistry,  book  641,  page  328.  On  March  24,  1894, 
George  F.  Livermore  of  Newton,  who  had  brought  action 
against  the  Commonwealth  for  damage  to  his  land  in  that 
city,  included  within  the  taking  of  this  Board  dated  March 
7,  1891,  and  recorded  in  Middlesex  South  District  Deeds, 
book  2030,  page  121,  agreed  with  this  Board  regarding  said 
damages,  accepted  compensation  and  acknowledged  judg- 
ment satisfied.  Negotiations  are  pending  regarding  the 
various  parcels  of  land  belonging  to  the  Boston  &  Albany 
Bailroad  Company  on  the  line  of  their  road  at  the  corner 
of  Essex  Street  and  Commonwealth  Avenue,  Boston,  Beacon 
Park,  North  Beacon  Street,  Brighton,  and  part  of  location 
in  Newton,  that  appear  likely  to  be  amicably  settled  without 
the  intervention  of  the  court.  This  leaves  the  following 
cases  still  pending  in  court :  — 

Suffolk  County :  Butchers'  Slaughtering  and  Melting 
Association,  Brighton ;  John  £.  Cassidy,  Brighton.  Mid- 
dlesex County :  John  E.  Cassidy,  Newton ;  Walter  U. 
Lawson,  Newton  ;  Albert  Brackett,  Newton. 

In  addition  to  the  connections  stated  in  our  last  annual 
report,  the  towns  and  cities  embraced  within  this  system 
have  made  connections  with  the  metropolitan  sewer  as  per 
accompanying  table :  — 


Connections  made  wUk  the  Metropolitan  Sewer  in  the  Charles  River 
Valley  from  Sept.  30, 1893,  to  Sept.  30,  2894. 


Dati. 

City  or  Town. 

Location  of  Connection. 

Size. 

Oct.    6^  18B3,  . 
May  80. 18M.  . 

Jaly  SI,  18M»  . 

Boston  (Brighton),    . 
Boston, 

Boston  (Brighton),    . 

ThaAhatioIr 

Huntington    ATonae,    n«ar    Parker 

Street. 

Pareona  Street,  opposite  Taylor's  mill, 

16  inch. 
12  Inch. 

24  Inch. 

These,  with  the  connections  previously  reported,  show 
thirty  connections  made  with  the  metropolitan  sewer  by  the 
towns  and  cities  embraced  within  this  system,  which  are  dis- 
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tributed  as  follows  :  Boston,  seven  ;  Brookline,  one ;  Boston 
(Brighton),  eleven ;  Watertown,  four;  Newton,  six;  Wal- 
tham,  one. 

The  expenditures  upon  this  system,  including  all  payments 
on  account  of  contracts  during  the  twelve  months  ending 
Sept.  30,  1894,  but  not  including  expenses  of  operation 
(which  are  particularly  stated  in  Table  D  of  the  Appendix), 
amount  to  $25,369.13.  This,  with  the  amount  previously 
reported,  $708,669.30,  makes  $734,038.43  as  the  total  ex- 
penditures to  date. 

Your  attention  is  called  to  tables  submitted  herewith  for 
matters  of  detail. 

During  the  year  $15,864.20  has  been  expended  that  is 
chargeable  to  both  systems  in  general,  which  amount,  added 
to  that  formerly  reported,  $28,780.82,  makes  $44,645.02  so 
spent  to  this  date.  The  expenditures  of  this  Board  to  date 
may  be  stated  concisely  thus :  — 

North  metropolitan  system, f3,949,716  31 

diaries  River  valley  system. 734,038  43 

Both  systems, 44,645  02 

14,728,399  76 
Engineering,  administrative  and  contingent  expenses,  .  160,473  55 

Total  expenditures  to  date, $4,888,873  31 


GENERAL  — BOTH  SYSTEMS. 

The  following  communication  to  the  Legislature  was  sent 
to  the  secretary  of  the  Commonwealth  Jan.  26,  1894,  and 
by  him  duly  transmitted  to  the  General  Court  then  in 
session :  — 

COMMONWEALTH  OF  MASSACHUSETTS. 

To  the  Honorable  the  Senate  and  the  Hottse  of  Bepresentalives. 

The  Board  of  Metropolitan  Sewerage  C/Ommissioners  respect- 
fully reports  that  the  sum  of  money  provided  by  chapter  439  of 
the  Acts  of  1889  for  the  construction  of  the  metropolitan  sewerage 
system  will  not  be  sufficient  to  complete  the  work  contemplated  by 
said  act.  A  careful  estimate  discloses  that  an  increase  of  ten  per 
cent,  on  the  original  apppropriation  will  be  required  for  this  pur- 
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pose.  This  increase  is  due  in  part  to  the  following  causes :  The 
original  estimate  provided  for  a  sewer  of  sufficient  capacity  to  dis- 
pose of  the  sewage  of  the  whole  district  included  in  the  metropoli- 
tan system  for  a  period  of  forty  years.  The  probable  increase  of 
population  in  this  district  for  the  period  mentioned  was  calculated 
from  the  census  of  1885  and  those  prior  to  that  time.  When  the 
census  of  1890  appeared,  it  was  learned  that  the  percentage  of  in- 
crease was  greater  than  had  been  estimated,  and  accordingly  the 
capacity  of  the  sewer  was  increased  ten  per  cent.  The  construc- 
tion of  a  sewer,  which  was  not  included  in  the  original  estimate, 
was  required  parallel  to  the  Mystic  Valley  sewer.  There  has 
been  a  material  advance  in  the  cost  of  labor,  skilled  and  unskilled, 
and  a  reduction  in  the  number  of  hours  constituting  a  day's  work. 
The  obstructions  and  difficulties,  such  as  must  be  expected  in 
doing  work  below  the  surface  of  the  earth,  have  been  many  and 
serious,  and  furnish  an  additional  reason  for  increased  cost  in  con- 
struction. 

The  Board  respectfully  asks  for  such  legislation  as  will  provide 
the  money  necessary  for  the  completion  of  the  work. 

(Signed)  Hosba  Kingman, 

TiLLT  Haynes, 
Harvet  N.  Collison, 
Metropolitan  Sewerage  Commissioners, 

110  BoyUton  Street^  Jan,  26,  1894, 

Id  response  to  the  foregoing,  the  Legislature  in  April  last 
passed  an  act,  chapter  307,  Acts  of  1894,  authorizing  the 
treasurer  and  receiver-general  to  issue  scrip  or  certificates  of 
debt  in  the  name  and  behalf  of  the  Commonwealth  and  under 
its  seal  to  an  amount  not  exceeding  five  hundred  thousand 
dollars.  This  act  was  approved  April  25, 1894,  and  increases 
the  amount  of  the  metropolitan  sewerage  loan  to  five  and 
one-half  million  dollars ;  the  additional  half  million  dollars 
maturing  at  the  same  time  as  the  original  five  million,  and 
the  requirements  of  the  sinking  fund  and  interest  being  met 
in  the  same  manner  as  the  other,  excepting  that  it  is  payable 
after  thirty-six  instead  of  forty  years. 

In  our  last  annual  report  attention  was  called  to  the  fire  of 
March  10,  1893,  which  destroyed  the  Ames  building  on 
Lincoln  Street,  Boston,  in  which  the  offices  of  this  commis- 
sion were  then  located.  The  property  of  the  Common- 
wealth, beyond  the  contents  of  the  safes  in  the  office,  was 
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destroyed ;  and  the  attention  of  the  Legislature  being  called 
thereto,  by  chapter  81  of  the  Resolves  of  1893,  a  sam  not 
exceeding  $4,500  was  allowed  to  this  Board  for  the  purchase 
of  furniture  and  furnishings  for  the  offices  of  the  Board.  Of 
this  amount  there  has  been  expended  to  date  (Oct.  1,  1894) 
$3,298.63,  leaving  a  balance  unexpended  of  $1,201.37. 
Against  this,  bills  amounting  to  $101.60  are  still  outstand- 
ing, which  will  be  settled  before  the  close  of  the  present 
year,  and  leave  a  balance  unexpended  amounting  to 
$1,099.77. 

The  lease  of  the  rooms  in  the  Walker  building,  110  Boyl-^ 
ston  Street,  Boston,  expired  on  the  fifteenth  day  of  March, 
1894,  and  were  renewed  by  this  Board  for  a  term  of  one 
year,  at  the  same  rate,  —  $3,050. 

The  annual  meeting  of  the  Board  was  held  as  provided 
by  the  act  on  the  first  Monday  of  February  (February  5), 
1894,  and  Rosea  Kingman  of  Bridgewater  was  chosen  chair- 
man and  Edward  P.  Fisk  of  Boston  clerk,  for  the  year. 

Tilly  Haynes  of  Boston  was  appointed  by  the  governor 
and  confirmed  by  the  council  as  his  own  successor  on  this 
Board  for  three  years  from  the  first  Monday  in  January 
(January  1),  1894. 

The  Appendix  contains  tables  showing  in  detail  the  re- 
ceipts and  expenditures  for  the  year,  also  the  assets  and 
liabilities  at  date. 

HOSEA  KINGMAN, 
TILLY  HAYNES, 
HARVEY  N.  COLLISON, 

MetropolUan  Sewerage  Commissioners, 
Boston,  Oct.  1,  1894. 
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REPORT  OF  THE  CHIEF  ENGINEER. 


EEPORT  OF  THE  CHIEF  ENGINEER. 


Boston,  Sept.  80, 1894. 

HosEA  Kingman,  Tilly  Hatnes,  Harvey  N.  Collison, 

Metropolitan  Sewerage  Commissioners . 

Gentlemen  :  —  In  accordance  with  your  wish,  I  give  a  very  brief 
sketch  of  the  work  done  on  the  metropolitan  system  in  preceding 
years,  followed  by  a  detailed  account  of  the  work  done  during 
the  last  year.  Your  first  annual  report,  dated  Sept.  30,  1889, 
merely  stated  that  the  Board  had  just  organized,  and  that  the 
matter  of  the  appointment  of  an  engineer  was  receiving  attention. 
A  chief  engineer  was  appointed  during  the  latter  part  of  October, 
1889,  and  assistants  during  the  following  month.  During  the 
winter  and  spring  of  1889-90  surveys  and  studies  were  made  on 
Deer  Island,  in  Winthrop,  in  East  Boston  and  in  the  lower  part  of 
the  Charles  River  valley. 

The  work  of  construction  was  begun  at  the  lower  ends  of  the 
north  metropolitan  and  of  the  Charles  River  valley  systems  in  May 
and  June,  1890,  four  and  one-third  years  ago.  By  September  30, 
work  was  in  progress  at  various  points  from  Huntington  Avenue, 
Boston,  to  Waverly  Street,  Brighton,  and  from  the  middle  of  Deer 
Island  to  Chelsea  River,  excepting  the  siphons  and  pumping 
stations. 

Year  Ending  Sept.  80,  1891. 

North  Metropolitan  System,  —  Of  that  portion  of  the  main  line 
extending  from  near  the  southerly  end  of  Deer  Island,  through 
Winthrop,  East  Boston,  Chelsea,  Everett  and  Medford,  to  near 
Medford  Square,  nearly  one-half  was  completed,  and  the  balance, 
except  the  siphons  and  pumping  stations  and  a  part  of  the  sewer 
in  Chelsea,  was  under  construction.  Work  was  also  begun  at  the 
lower  ends  of  the  Cambridge  and  Melrose  branches.  The  wharf 
at  Deer  Island  was  completed  during  the  winter. 

Charles  River  Valley  System,  —  All  of  this  line  from  Huntington 
Avenue,  Boston,  through  Brookline,  Brighton,  Newton,  Watertown 
and  into  Waltham,  was  under  construction,  and  three-fourths  of  it 
was  completed. 
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Year  Ending  Sept.  30,  1892. 

North  Metropolitan  Syatem.  —  Work  on  the  main  sewer  was 
pushed  nearly  to  the  lower  Mystic  Lake  in  West  Medford,  and, 
excepting  the  siphons,  pumping  stations  and  outfall,  a  compara- 
tively small  portion  of  the  main  line  remained  to  be  done.  Work 
on  the  siphon  at  Chelsea  River  was  begun  this  year.  The  remain- 
ing part  of  the  Melrose  branch,  and  the  Cambridge  branch  as  far 
as  Main  Street,  Cambridge,  was  put  under  construction,  except 
the  siphon  and  pumping  station  at  Mystic  River. 

Charles  River  Valley  System.  —  This  system  was  completed 
during  the  winter,  and  was  put  into  operation  early  in  the  spring 
of  1892. 

Year  Ending  Sept.  30,  1893. 

Construction  was  begun  at  various  points  on  the  main  line  from 
near  the  lower  Mystic  Lake  to  the  extreme  upper  end  in  Stoneharo ; 
the  entire  Alewife  Brook  line  (except  the  siphon  and  pumping  sta- 
tion) ;  the  balance  of  the  Cambridge  branch  and  the  lower  part  of 
the  East  Boston  branch. 

Owing  to  the  difficult  and  costly  work  which  the  outfall  and 
various  siphons  promised  to  be,  and  because  of  the  risks  and 
uncertainties  attendant  thereon  and  the  liability  of  change  of  plans 
to  meet  varying  conditions,  it  was  deemed  wise  to  have  the  con- 
struction carried  on  under  the  immediate  direction  of  the  engineer- 
ing department,  instead  of  by  contract.  The  siphon  at  Belle  Isle 
Inlet  had  been  let  by  contract  before  this  determination  was 
arrived  at.  Accordingly  work  on  the  outfall  at  Deer  Island  and 
the  siphons  at  Shirley  Gut  and  Mystic  River  were  entered  upon. 
The  siphon  at  Chelsea  River,  which  was  started  at  the  close  of  the 
previous  year,  was  pushed  to  completion,  as  was  also  the  deeper 
part  of  the  Shirley  Gut  siphon.  Day  work  of  less  magnitude  was 
also  entered  upon  at  three  other  localities. 

Year  Ending  Sept.  30,  1894. 

During  the  year  just  closed,  work  by  contract  has  been  began 
and  is  well  under  way  in  the  following  localities  :  From  Marginal 
Street  through  Eastern  Avenue,  Chelsea;  through  and  around  the 
borders  of  East  Boston ;  around  the  southerly  and  easterly  sides 
of  Charlestown ;  through  Mystic  Avenue,  Somerville ;  and  the 
Cummingsville  Branch,  in  Winchester. 

The  contractors  who  are  building  the  pumping  station-houses  at 
Deer  Island  and  East  Boston  have  nearly  completed  their  work. 
The  engine  and  boiler  house  for  the  Charlestown  station  have  just 
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been  began.  Day  work  on  the  foundations  and  connections  at 
Deer  Island  and  East  Boston  pumping  stations  was  begun  this 
year  and  is  now  nearly  finished,  and  that  on  the  Charlestown  sta* 
tion  is  well  under  way.  The  important  work  on  the  outfall  and 
siphons  started  last  year  has  been  continued.  The  siphons  at 
Maiden  River,  Abbajona  River  and  the  upper  Mystic  River  were 
begun  and  are  being  built  by  day  work  for  the  reasons  mentioned 
in  the  sketch  of  the  work  for  1893.  The  only  portions  of  the 
entire  system  not  yet  completed  or  under  actual  construction  are 
the  small  pumping  station  for  the  Alewife  Brook  line  and  three 
spurs  on  the  same  line,  covering  a  total  distance  of  about  1,700 
feet.  Studies  and  plans  have  been  made  for  doing  that  work. 
The  blue  lines  on  the  accompanying  map  show  the  portions  of 
the  system  remaining  to  be  done  September  80.  It  is  entirely 
probable  that  the  outfall  at  Deer  Island,  the  gaps  at  Belle  Isle 
Inlet,  Maiden  River  and  the  upper  Mystic  River  will  be  substan- 
tially completed  before  Christmas.  If  a  map  should  be  made  to 
represent  the  progress  to  Jan.  1,  1895,  the  blue  lines  would  very 
nearly  disappear. 

Detailed  statements  of  the  work  for  this  year  are  given  in  the 
following  pages. 

Section  1  (Dat  Work),  Outlet  Deeb  Island. 

Location.  —  From  ft  point  about  60  feet  inside  of  blgh-wftter  line,  on  the  soath- west- 
erly shore  of  the  Island,  following  the  westerly  side  of  Deer  Island 
Spit  to  ft  point  ftboat  opposite  the  Deer  Island  Spit  light. 

Length  of  section,  aboat 1,925  feet. 

Diameter  of  sewer,  6  feet  8)  inches. 

Note.  —  Owing  to  the  two  totally  difftrent  methods  employed  daring  this  year, 
the  report  concerning  Section  1  is  divided  Into  two  parts. 

Oct.  1, 1893,  to  April  30, 1894. 

Location,  —  The  work  is  a  continaation  of  that  described  in  the  fifth  annual  report 
for  this  section,  and  extends  along  the  westerly  side  of  Deer  Island  Spit 
600  feet  oat  into  the  ocean. 

AitiitanU, 

Assistant  Engineer :  Laurence  Bradford. 
Superintendent :  Charles  O.  Craib. 
Foreman :  Benjamin  L.  Sykes. 
Transltmen :  F^ncipal  ~  Prank  £.  Winsor. 

"  Assistants  —  Nathan  B.  Wilber,  George  A.  Winsor. 

Pile  drlTing  by  Josiah  Shaw. 

Method  Employed,  —  Coffer-dam,  pumping  plant  and  method  of 
excavating  were  each  similar  to  that  described  in  last  year's  report. 

Progress.  —  Coffer-dam  and  excavation  were  extended  from 
Station  5  +  26  to  Station  6  +  90.     Masonry  was  completed  from 
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Station  4 -|-  50  to  Station  6  4~  74.  Station  0  is.near  the  southerly 
shore  of  Deer  Island.  The  stations  increase  in  going  southerly, 
towards  the  outlet. 

Cost.  — From  June  21,  1893,  to  Sept.  30,  1893,  the  work  had 
cost  about  $33,000,  and  by  June  30,  1894,  the  cost  had  increased 
to  about  $59,000.  The  cost  per  foot  before  Oct.  1,  1893,  was 
about  $70.  The  cost  per  foot  of  entire  work  done  between  June 
1,  1893,  and  May  1,  1894,  was  about  $90. 

The  progress  during  October,  1893,  was  slow,  owing  to  the 
difficulty  in  sinking  the  pump-well  at  Station  6.  From  Oct.  14, 
1893,  to  Oct.  30,  1893,  no  brickwork  was  laid,  owing  to  the  leak- 
age from  the  sea.  During  the  busy  part  of  this  period  (Oct.  1, 
1893,  to  Jan.  12,  1894)  there  were  three  6  inch  centrifugal 
pumps  and  one  9  inch  centrifugal  pump  in  constant  operation. 
The  greatest  rate  of  pumping  was  6,000,000  gallons  in  twenty- 
four  hours.  The  pumps  were  moved  to  the  well  at  Station  6  on 
October  20. 

As  the  work  progressed  the  difficulties  increased.  The  porous 
nature  of  the  ground  allowed  the  sea  water  to  pass  beneath  the 
sheet  planking  at  the  sides  and  come  up  into  the  trench.  Work 
could  be  done  only  at  low  water.  Frequently,  after  hours  of  hard, 
continuous  pumping,  the  trench  could  not  be  sufficiently  freed  from 
water  to  permit  masonry  construction.  No  excavating  was  done 
after  November  27.  On  December  14  the  masonry  was  completed 
to  Station  6  +  74. 

Temporai-y  End,  —  An  annular  ring  of  hard  pine,  12  inches  wide 
and  9  inches  thick,  having  an  interior  diameter  of  about  7  feet, 
was  fastened  to  the  end  of  the  completed  masonry  by  means  of 
anchor  bolts  running  back  into  the  concrete.  This  ring  (which 
remains  a  part  of  the  completed  work)  had  34  hook-bolts  J  inch 
diameter,  with  hook  end  placed  in  readiness  to  be  attached  to  the 
work  completed  later.  A  bulkhead  of  6  inch  hard  pine  plank  was 
then  fitted  inside  this  annular  ring  by  means  of  a  Z  bar  ring,  and 
the  whole  was  securely  braced  and  bolted  to  temporary  timbers 
built  in  the  brickwork.  This  bulkhead  was  covered  on  the  outside 
by  a  2}  inch  thick  neat  Portland  cement  face.  A  temporary 
opening  (through  which  a  suction  pipe  for  a  6  inch  centrifugal 
pump  extended)  in  the  arch  of  the  sewer,  about  15  feet  back  from 
the  bulkhead,  was  temporarily  covered  by  hard  pine  plank  6  inches 
thick,  fitted  to  brickwork,  and  this  plank  covered  with  Portland 
cement  concrete.  This  suction  pipe  extended  up  through  the  con- 
crete back-filling,  and  was  left,  securely  plugged,  for  connecting  to 
a  pump  during  1894.  No  work  was  done  on  the  section  between 
Jan.  12  and  May  1,  1894. 


i 
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Accident.  —  ThomAs  Connelly  fell  into  the  trench  (filled  partly 
with  water)  on  April  14,  1894,  and  received  injaries  from  which 
he  died  the  foUowing  day* 

May  2, 1894,  to  Sept.  30 j  1894. 

The  work  done  by  coffer-dam,  described  above,  progressed 
slowly  and  with  considerable  difficulty,  for  caases  stated,  and  the 
expense  was  very  considerable.  It  was  concluded  that  in  its 
extension  this  year  it  would  be  advisable  to  make  use  of  a  method 
somewhat  similar  to  that  adopted  in  building  the  sewer  across 
Shirley  Gut,  described  in  last  year's  report.  During  the  latter 
part  of  the  winter  and  early  part  of  the  spring  studies  and  experi- 
ments to  that  end  were  made.  The  sewer  across  Shirley  Gut  was 
made  of  pipes  constructed  out  of  brickwork  incased  with  thin 
steel  shells.  It  was  thought  that  if  these  shells  could  be  made 
of  wood  tbey  would,  when  sunk  in  the  harbor  and  covered  with 
earth,  last  much  longer  than  if  made  of  steel,  would  cost  con- 
siderably less,  and  would  have  other  advantages.  It  may  be 
stated,  however,  that  neither  the  steel  nor  wooden  shells  are  neces- 
sary for  the  permanency  of  either  of  these  works.  Experiments 
were  made  by  Assistant  Eugiueer  William  W.  Lewis  io  test  the 
points  above  mentioned.  The  strength  to  resist  bursting  pres- 
sure of  oak  hoops  joined  with  copper  rivets  was  determined.  A 
pipe  about  16  feet  long,  with  an  external  diameter  of  5  feet  2 
inches,  made  of  2  inch  by  4  inch  spruce  lagging,  with  an  inner  shell 
of  Portland  concrete  masonry  8  inches  thick,  and  with  an  interior 
clear  diameter  of  3  feet  6  inches,  was  made  at  Chelsea  Creek  and 
bulkheaded.  It  was  found  that  a  vacuum  of  14.5  inches  was  very 
quickly  and  easily  obtained,  showing  it  to  be  water-tight.  The 
following  further  tests  were  made  of  this  pipe :  it  was  placed  on 
a  cradle  and  slid  down  to  the  beach  at  low  tide,  and  allowed  to 
remain  for  several  days.  After  each  high  tide  it  was  examined  for 
leakage,  and  found  tight.  In  taking  it  up  from  the  beach  it  was 
rolled  on  its  sides  over  timbers.  No  cracks  developed,  nor  did 
any  when  the  pipe  was  supported  by  its  ends.  This  pipe  was  of  * 
the  right  size  to  use  for  the  Maiden  River  siphon,  but  the  experi- 
ments and  studies  indicated  the  feasibility  of  the  use  of  a  much 
larger  one  at  the  Deer  Island  outlet.  Studies  to  this  end  were 
made  by  Mr.  Lewis,  and  more  detailed  ones  by  Mr.  Frederick  D. 
Smith,  under  the  direction  of  the  writer.  As  a  result  of  the 
studies  and  experiments,  the  design  of  pipe  and  method  of  con- 
structing and  laying  it,  described  above  and  in  the  following  text 
and  shown  by  accompanying  drawings,  was  decided  on. 

Another  marked  difference  in  the  method  of  construction  of  the 
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outlet  sewer  and  that  of  the  Shirley  Gat  siphon  will  be  noticed. 
In  the  Shirley  Gut  siphon  the  pipe  sections  were  made  on  the 
beach,  a  little  above  high  water,  and  were  launched  by  moving 
them  down  the  beach  on  rails,  rollers  and  blocking  at  low  water. 
They  were  partly  hoisted  and  partly  pulled  off  the  rollers,  blocking 
and  rails  on  the  second  following  high  tide,  and  were  then  towed 
to  the  proper  position  to  place  in  the  siphon. 

The  pipe  sections  for  the  outlet  were  made  in  ^^  cradles  "  at  the 
sides  of  the  new  wharf.  These  cradles,  as  will  be  seen  by  the 
drawings  and  the  description  later  on,  were  each  made  strong 
enough  to  hold  the  pipe  sections  52  feet  long  and  weighing  upwards 
of  210,000  pounds.  These  cradles  could  be  lowered  by  machinery 
at  will  and  thus  place  the  finished  pipe  in  the  water,  where  it  could 
be  towed  to  the  outlet,  distant  between  one-half  and  three-fourths 
of  a  mile. 

Loeatum,  ~-  From  Station  6  +  74  (this  being  the  end  of  the  work  finished  bj  ooflbr- 
dam  process),  and  extending  along  the  westerly  side  of  Deer  Island 
Spit.  At  present  (Sept.  30, 1894)  the  pipes  are  laid  to  Station  lA  +  06. 
and  pipe  is  bailt  and  trench  prepared  for  68  Ibet  additional. 

Assistant  Engineer :  Frederick  D.  Smith. 

Foreman  of  construction  of  pipes :  John  Craib. 

Foreman  of  dredging,  preparing  trench  and  laying  of  pipes :  Chris  Rasmnssen. 

DiTing  by  Hiram  M.  Phillips. 

Dredging  by  Eastern  Dredging  Company. 

Pile  driving  by  Josiah  Shaw. 

Draughtsman  and  Principal  Transitman :  John  H.  Qregoiy. 

Assistant  Transitman :  J.  T.  P.  Jones. 

Trench. 

The  pipes  were  laid  in  a  trench  dredged  to  the  following  dimensions :~ 

Average  depth  below  mean  low  water, 16  feet. 

Average  depth  below  mean  high  water,       .       .       .       • '      •  26   « 

Average  width  at  bottom, 12   '< 

Average  width  at  top, 60   *' 

Average  excavation  per  linear  foot  of  trench,        ....  20  cubic  yards. 

Length  completed,  ready  for  pipe, 900  feet. 

Work  on  trench  begnn  June  9, 1894. 

Character  of  Excavated  Material,  —  Sand  and  gravel,  with  stratum  of  black  mnd 
mixed  with  sand. 

Cost  of  dredging, $12,050  Ao 

of  dredging  per  linear  foot, 13  40 

Pile  Work  in  Trench, 
Cost  for  plies  and  labor,         .  $3,400  00 

for  caps  and  bolts, 200  00 

per  linear  foot  for  same, 4  00 

Sills. 
Cost  of  labor  and  materials, •       •  $840  00 

per  linear  foot  for  same, 94 
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Cradlei  for  building  Pipe  Seeiions. 

Goft  of  pltos  and  labor  on  same,      ......••  9600  00 

ofmaterials  and  equipments, 1»800  00 

of  labor, 1,300  00 

Pipe  SectionM, 

Character  of  Sifrucfttra.  —  Masonry  pipes  encased   In  wood   lagging  secnrely 
hooped.    These  laid  in  sections  and  bolted  together  by  divers. 

Description  of  a  single  pipe :~ 

Length,  62  feet. 

Greatest  diameter  (ontside), 10  feet  1}  inch. 

Thickness  of  brickwork, 8  inches. 

of  concrete,  6  inches. 

of  sprnce  lagging, 4  inches. 

Hoops  (white  oak), 4  inches  by  }  inch. 

Total  thickness  of  pipe, 18  inches. 

Internal  diameter 6  feet  3i  inches. 

Weight  of  pipe  In  air 210,000  pounds. 

Cost  of  building  Pipe  Sections, 

Brickwork  (indnding  labor) $5,880  00 

Concrete  (inclnding  labor), 8,940  00 

Other  labor, 9,000  00 

Sprnce  lagging 1,630  00 

Iron  angle  hoops  for  fastening  sections  together, 970  00 

Oak  hoops  for  holding  structure  together, 280  00 

Bulkhead  material, 600  00 

Apprdximate  cost  per  linear  foot  of  pipe, 24  70 

Approximate  cost  per  cubic  yard  of  brickwork, 11  70 

Approximate  cost  per  cubic  yard  of  concrete, 8  40 

Cost  of  towing  pipe  sections  from  wharf  to  outfall $200  00 

of  lowering  pipe  sections  into  trench  \  ^^^»         *       *       •    ^^  ^ 

( apparatus,  .       .      300  00 

990  00 

of  diving  (for  preparing  foundations,  bolting  pipes  together,  etc.),         1,200  00 

Miscellaneous  Expenses, 

Tools,  coal,  rentals,  lumber,  rubber  gaskets,  bolts,  car  fkres,  express- 
age,  etc, 93,940  00 

Baeh-JUHng,  —  Up  to  this  time,  material  dredged  flrom  trench  has  been  carried 
back  and  dumped  over  pipe  at  no  extra  cost. 

Condition  of  Work  on  Sept.  30^  1694. 

Pipe  Uid, 832  feet. 

Pipe  completed  at  wharf, 62    ** 

Equivalent  of  partly  made  pipe, 16    *' 

Pipe  completed, 900    <* 

Trench  prepared  for  pipe,  sills  set,  etc.,  for  distance  of  900  feet  (from 
Sution  6  +  74  to  Station  15  +  74) . 

Trench  dredged  to  grade  for  300  feet  beyond  (to  Station  18  +  74) . 

Trench  back-filled  to  Station  14  +  00. 

Trench  partly  back-fllled  to  Sution  14  +  55. 

Approximate  cost  to  date  (September  30)  per  linear  foot  of  excavation, 
masonry  and  wooden  shell,  including  labor,  material,  pile  founda- 
tions and  miscellaneous  expenses,  $54.16. 
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A  violent  storm  September  30  prevented  the  laying  of  52  feet 
of  pipe  completed  at  wharf  that  day. 

Because  of  the  strong  tidal  current  across  the  trench,  it  was 
necessary  to  construct  a  temporary  break-water.  This  was  parallel 
to,  and  located  at  first  75  feet  and  later  100  feet  from,  the  centre 
line  of  trench  on  the  east  side.  It  was  built  by  driving  piles  8  feet 
apart,  covering  these  longitudinally  with  4  inch  planking  up  to 
half  tide,  and  filling  dredged  material  on  both  sides.  After  the 
trench  for  the  sewer  was  dredged,  piles  (45  feet)  were  driven  in 
bents  of  two,  there  being  5  bents  for  each  52  feet  length  of  pipe. 
Three  bents  of  the  five,  were  spur-shored.  These  bents  were  capped 
at  elevation  114  with  4  inch  by  10  inch  spruce  girder  caps,  upon 
which  stringers  were  laid  to  carry  the  lowering  apparatus. 

Sills.  —  Sills  were  made  as  follows,  and  secured  to  the  bents  of 
the  piles  by  bolting :  they  consisted  of  8  inch  by  8  inch  spruce  which 
lay  on  top  of  a  box  of  concrete.  The  box  of  concrete  was  fastened 
to  the  sill  and  was  used  to  cause  the  sills  to  sink.  Such  a  sill, 
when  sunk,  could  be  easily  handled  by  the  diver.  The  two  end 
sills  for  each  pipe  had  a  circular  cradle  made  of  timber  and  con- 
crete (to  sink  it)  which  fitted  the  pipe.  Sills  were  blocked  up  and 
tamped  until  they  were  perfectly  solid  and  had  a  firm  bearing. 

Vertical  Guides,  —  To  insure  that  the  pipe  should  be  lowered 
exactly  into  these  cradles,  vertical  guides  of  tee-rails  were  placed 
with  one  end  fitting  into  mortises  in  the  sill. 

Construction  of  Pipes,  —  Work  began  June  8.  The  pipes  were 
built  in  cradles  located  at  the  new  wharf,  about  one-half  mile  from 
trench  where  they  were  laid.  The  essential  features  of  the  cradles 
were :  — 

1 .  Thirteen  strong  ribs,  each  having  a  built  up  semi-circle  of 
9  feet  3j^  inches  diameter,  each  rib  supported  at  each  end  by  a  1^ 
inch  steel  rod,  with  thread  which  fitted  a  12  inch  diameter  cast 
gear  nut. 

2.  A  system  of  gearing  was  used  by  which  an  engine  ran  the 
26  gear  nuts  simultaneously,  and  thus  raised  or  lowered  the  cradle 
equally  in  all  parts.  Four  inch  spruce  lagging,  6  inches  wide,  was 
laid  up  to  springing  line  and  bolted  to  a  steel  angle  hoop  at  each 
end  of  the  pipe.  These  angle  hoops  were  used  to  bolt  together 
continuous  sections  of  the  pipes  when  laid.  Treenails  were  pat 
into  the  lagging  and  left  projecting  2  inches  into  the  space  to  be 
occupied  by  concrete.  The  whole  inside  of  the  wooden  shell  was 
then  covered  with  a  coating  of  heated  wax  tailings,  so  as  to  pro- 
tect the  wood  from  the  possible  action  of  free  lime  in  the  Portland 
cement  concrete  which  was  then  put  in.  This  shell  of  concrete 
was  6  inches  thick,  and  mixed  with  volumes  as  follows :  cement,  1 ; 
sand,  1^ ;  beach  gravel,  8^. 
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The  best  resalts  appeared  to  come  from  concrete  put  in  quite 
wet.  Ordinary  Bemi-circular  forms  and  lagging  were  used  to 
mould  the  concrete  invert.  After  twelve  hours'  setting,  the  con- 
crete was  strong  enough  to  remove  forms  and  lagging,  and  put  in 
brickwork,  which  was  done  as  in  an  ordinary  sewer  trench.  No 
brickwork  was  laid  within  one  foot  of  either  end,  this  space  being 
left  for  fitting  in  bulkheads.  The  brick  shell  was  8  inches  thick, 
and  the  inner  ring  was  left  toothed  for  making  connection  with 
adjoining  pipes.  After  the  brick  arch  was  completed,  the  wooden 
shell  was  brought  up  at  the  sides  and  the  concrete  at  the  same 
time.  Three  widths  of  lagging  at  the  top  were  temporarily  left 
out  the  entire  length,  in  order  to  rivet  the  hoops  which  were  then 
put  on.  These  hoops  were  4  inch  by  f  inch  oak,  with  two  joints 
in  each  hoop.  These  joints  were  fastened  by  eight  }  inch  copper 
rivets  in  each  joint.  One  joint  was  riveted,  then  the  hoop  was 
passed  around  the  pipe  and  the  last  joint  made  at  the  top.  To 
protect  the  copper  rivets,  the  joints  were  first  painted  with  a  heavy 
coat  of  asphaltum  varnish  and  then  wound  with  cloth  saturated  with 
wax  tailings.  These  hoops  were  placed  two  feet  apart  on  cen- 
tres. After  the  hoops  were  completed,  the  three  widths  of  lag- 
ging at  the  top  were  put  in  and  the  space  below  filled  with  cement 
grout.  After  the  pipes  were  braced  internally  6  feet  apart  by 
both  vertical  and  horizontal  4  inch  by  6  inch  braces,  bearing  on 
4  inch  by  6  inch  stringers  running  longitudinally,  the  bulkheads 
were  put  in.  The  bulkheads  were  of  6  inch  spruce,  caulked  and 
secured  by  1  inch  iron  rods  to  vertical  6  inch  by  8  inch  posts 
built  into  the  brickwork  about  8  feet  from  each  end  of  the 
pipe.  The  bulkheads  were  inside  the  concrete  layer  of  the  pipe, 
and  were  drawn  against  the  brickwork  by  the  iron  rods.  After 
the  whole  bulkhead  had  been  caulked  enough  to  prevent  leakage 
of  grout,  another  bulkhead  (temporary)  was  put  outside  the 
former  at  a  distance  of  three  inches,  and  neat  Portland  cement 
grout  poured  in  between,  thus  forming  a  grout  casing  completely 
filling  all  crevices  in  the  bulkhead  and  rendering  it  substantially 
air-tight.  In  the  forward  end  of  each  section  of  sewer  pipes 
two  2  inch  wrought  iron  pipes,  to  be  used  later  to  let  in  water, 
were  placed  so  as  to  extend  quite  through  the  entire  bulkhead. 
These  pipes  were  plugged  from  the  inside,  when  first  made,  with 
pine.  After  a  masonry  pipe  section  was  sealed  up  it  was  exam- 
ined for  tightness  by  partially  exhausting  the  air.  The  least  per- 
fect vacuum  recorded  on  any  pipe  was  6  inches  of  mercury ;  the 
best  was  18^  inches.  This  exhaustion  was  by  means  of  a  steam 
ejector  connected  to  a  1  inch  pipe  which  extended  through  the 
entire  shell  of  the  pipe  section,  about  midway  of  length  and  near 
the  top.    This  pipe  was  also  used  to  allow  air  to  escape  when  let- 
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ting  in  water  to  sink  the  pipes.  The  pipe  as  thus  completed  was 
painted  with  asphalt  to  protect  the  wood  from  limnoria  and  toredo 
before  it  could  be  covered  in  the  trench  with  earth.     A  rubber  gasket 

1  inch  thick  and  2^  inches  wide,  having  an  exterior  diameter  of  8 
feet  5^  inches,  was  then  fastened  to  the  end  of  the  pipe  by  nailing 
it  to  the  wooden  shell.    The  pipe  was  then  ready  for  launching. 

Jjaunching.  —  The  pipes  were  launched  by  lowering  the  pipes 
and  cradles  into  the  water  at  high  tide.  This  was  done  by  means 
of  the  26  screws  previously  alluded  to.  A  gear  nut  on  each  was 
driven  by  a  train  of  gears  and  shafting  which  was  connected  to  a 
20  horse-power  engine.  In  this  way  the  lowering  was  uniform, 
and  no  strains  were  produced  in  the  pipe.  After  the  pipe  was 
about  two-thirds  submerged,  rafts  (made  of  oil  banrels)  having  a 
floating  power  of  5,000  pounds  each  were  attached  to  the  ends  of 
the  pipe  section.  The  attachments  were  made  near  the  top  of  the 
pipe,  in  order  to  keep  it  while  floating  in  the  same  position  as 
while  being  built.  When  the  pipe  and  rafts  had  been  submerged 
until  the  top  of  the  pipe  was  about  1  foot  above  the  surface  of  the 
water,  it  floated  from  the  cradle.  The  pipe  was  then  pulled  out  of 
the  cradle  and  was  ready  for  towing.  As  soon  as  the  pipe  was 
drawn  out  the  engine  was  reversed  and  the  cradle  was  lifted  to 
its  position,  ready  to  commence  a  new  pipe.  About  one  and 
one-half  hours  were  consumed  in  lowering  and  removing  a  pipe 
from  the  cradle,  and  about  twenty  minutes  were  necessary  to  raise 
the  cradle  into  position  ready  for  making  a  new  pipe.  A  tow-boat 
was  used  to  take  the  pipe  to  the  trench  prepared  for  it.  The  dates 
of  launching  and  laying  pipes  were :  July  7,  17,  28  ;  August  5,  9, 
15,  18,  22,  27,  30 ;  September  7,  8,  15,  18,  22,  26. 

Lowering  Pipes  into  Position  cU  tlie  OutfaJL  —  This  was  done  by 
a  system  of  travelling  shears  running  on  the  temporary  pilework. 
The  apparatus  is  clearly  illustrated  by  photograph  and  drawings. 
To  control  the  pipe  while  being  lowered,  and  to  insure  its  proper 
placing,  vertical  guides  (previously  described)  were  used  to  pre- 
vent lateral  movement,  and  check  ropes  to  prevent  endwise  move- 
ment were  ui^ed.  Each  pipe  was  lowered  about  6  inches  from 
the  end  of  the  section  previously  laid.  To  bring  the  pipe  back 
against  the  previous  section,  a  windlass  was  placed  about  50  feet 
back,  from  which  a  rope  led  to  the  pipe.  Tell-tales  were  rigged 
so  as  to  show  if  the  pipe  varied  from  a  horizontal  position  as  it 
went  down.    Everything  being  ready,  the  diver  opened  the  two 

2  inch  holes  in  the  end  of  the  pipe  by  driving  the  pine  plugs 
inward.  At  the  same  time  the  1  inch  test  pipe  at  the  top  of  the 
section  was  opened  to  allow  air  to  escape.  In  about  four  minutes 
the  pipe  had  received  water  enough  to  sink  it,  and  the  diver 
plugged  the  2  inch  holes,  this  time  fram  the  outside.     The  small 
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test  pipe  was  also  closed.  To  insure  that  the  pipe  was  kept  level 
daring  lowering  (which  was  necessary,  to  prevent  the  water  on 
'  the  inside  from  running  to  one  end),  the  drams  of  the  double 
hoisting  engine  were  wound  until  each  was  of  the  same  size  as  the 
other.  Then  the  engine  was  allowed  to  back  down  with  frictions 
set  up.  Since  the  drums  were  of  the  same  size,  and  they  were 
geared  together,  both  must  turn  alike.  Just  before  the  pipes 
rested  on  the  sills,  the  winch  behind  was  used  to  pull  the  pipe 
section  back  to  the  preceding  one;  after  which  the  pipe  was 
adjusted  exactly  to  line  and  grade.  The  pipe  section  was  then 
bolted  to  the  preceding  section  by  40  hook-bolts.  The  thread  end 
of  each  bolt  passed  through  a  hole  in  a  right-angled  steel  hoop 
near  the  outer  end  of  the  pipe  section  previously  laid.  The  hook 
end  passed  over  one  edge  of  an  oblique-angled  steel  hoop  near  the 
inner  end  of  the  newly  laid  pipe  section.  Common  bolts  and  two 
right-angled  steel  hoops  might  have  been  Used.  In  this  case,  the 
newly  laid  pipe  would  have  had  to  be  revolved  until  the  holes  in 
one  hoop  came  opposite  those  in  the  other.  The  Joint  between 
the  two  pipes  was  made  perfectly  tight  by  means  of  the  rubber 
gasket.  After  the  pipe  was  precisely  placed  and  bolted,  a  wire 
rope  was  placed  about  the  forward  end  and  attached  to  the  piles, 
to  prevent  any  movement  of  the  end  by  the  tidal  current  or  waves. 
Back-filling  of  earth  over  the  pipes  was  kept  to  withiu  about  1^ 
lengths  of  the  newly  laid  pipe.  At  Station  12  a  special  man-hole 
pipe  was  laid.  A  suction  for  a  6  inch  centrifugal  pump  and  a 
4  inch  pipe  for  admitting  air  have  been  provided  in  this  bulkhead, 
to  use,  if  necessary,  during  work  on  interior  of  the  pipes. 

Completion  of  Interior  of  Pipes.  —  As  fast  as  the  pipes  are  laid 
and  back-filled  the  end  bulkheads  are  removed,  the  water  used  in 
sinking  pumped  out  and  the  masonry  completed.  Several  pipes, 
however,  intervene  between  the  outermost  one  and  that  in  which 
bulkheads  are  being  removed.  But  one  Joint,  thus  far,  has  been 
found  to  leak,  and  that  no  more  than  would  come  through  a  1-16 
inch  hole  with  25  feet  head.     The  leak  was  easily  stopped. 

All  material  is  removed  from  and  brought  into  the  sewer  by 
means  of  a  man-hole  on  shore  at  about  Station  0. 

Light  is  furnished  for  work  inside  the  sections  by  a  Westinghouse 
dynamo. 

The  outlet  sewer  will  probably  be  completed  to  its  outer  end) 
1,860  feet  from  the  Deer  Island  shore,  before  Christmas. 

During  the  period  of  114  days  (from  beginning  of  work  on 
trench  June  9  to  September  80)  900  feet  of  trench  had  been  pre- 
pared and  pipe  laid  therein,  giving  average  daily  rate  of  8  feet 
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(nearly).  Daring  September  seven  pipes  (364  feet)  were  finished 
ready  to  lay,  but  a  storm  September  80  delayed  the  laying  of  the 
last  one  until  beyond  limit  of  this  period. 


Pumping  Station  and  Connections  (Day  Work)  ,  Deer  Island. 

Location,  —  On  the  south-wMterly  side  and  aboat  midiraj  of  Deer  Island. 

Length  of  section,  abont 340  feet. 

From  9  foot  circular  sewer  boilt  in  1891  to  site  of  pumping 
station •     90   " 

Pamplng  station  j '^^•^^ ^   " 

^   *  (length, 168   " 

Site  of  pnmping  station  to  6  foot  by  10  foot  sewer  built  in  1891,         45 


(4 


State  Assistants. 

» 

Assistant  Engineer  to  February  12 :  Laurence  Bradford. 

Assistant  Engineer  since  February  12 :  Frank  E.  Winsor. 

Foreman :  Charles  O.  Cralb. 

Sab-foreman :  John  Cralb. 

Transitmen:  Principal,  to  Jan.  21, 1894  — Nathan  B.  Wilber. 

"  Principal  —  George  A.  Winsor. 

«  Assistant  —  John  T.  P.  Jones. 

Screen  Man-hole, 

Just  below  end  of  9  foot  circular  sewer  built  in  1891. 
Length,  including  connection  with  sewer  above,  17  feet. 

All  masonry  laid  in  Portland  cement  mortar. 

« 

Incoming  Seioer. 

Size,  10  feet  8  inches  by  8  feet.    Length  of  closure  built  this  year,  123  feet. 
About  three-quarters  of  the  excavation  (tunnel)  was  in  stiff  blue  clay,  the  remain- 
der near  the  open  cut  was  hard-pan  with  clay  at  the  bottom. 
All  masonry  laid  in  American  cement  mortar. 
Excavation  begun  about  March  1, 1894. 

Increaser, 

Connects  incoming  sewer  with  suction  conduit    Size  increases  flrom  10  feet  8  inches 
by  8  feet  to  13  feet  by  8  feet.    Length,  10  feet. 

Suction  Conduit, 

Located  just  outside  of  and  parallel  with  the  pumping  station  building. 

Size,  13  feet  by  8  feet.    Length,  73  feet. 

Average  depth  of  excavation,  29  feet. 

Average  width  at  top  of  trench,  15  feet. 

Average  width  at  bottom  of  trench,  14  feet. 

The  material  excavated  was  coarse  gravel  and  sand  with  bard-pan  at  the  bottom, 

below  which,  on  the  upper  end  of  the  trench,  stiff  blue  clay  was  found. 
Portland  cement  mortar  used  in  the  concrete  arch;  American  in  the  rest  of  the 

structure. 

Three  Circular  Pump-wells^  with  Inlet  and  Outlet  Channels, 

Diameter  of  excavation, .       21  feet 

Depth  of  excavation, Sft 
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Character  of  Bxeavaied  Material,  —  In  wetlt  1  and  2,  bard-pan  In  the  upper  part 
and  stiff  bine  claj  in  the  bottom.  In  well  3,  coarse  gravel  with  some  sand  nntil 
near  the  bottom,  then  hard-pan. 

A  trench  machine  was  nsed. 

Work  begun  Nov.  2, 1893.    Completed  about  December  80. 

Matonry, 
For  wells  1  and2:  — 

Floor  consists  of  brickwork  8  inches  thick,  resting  upon  concrete  2  feet  4  inches 

thick. 
Sub-well,  from  elevation  85.5  to  92.0,  internal  diameter  8  feet.    Side  walls  consist 

of  brickwork  8  inches  thick  and  concrete  backing  7  feet  thick. 
Main  well,  from  elevation  92  to  elevation  117,  internal  diameter  16  feet.    Side 

walls  consist  of  brickwork  8  inches  thick  and  concrete  backing  3  feet  4  inches 

thick.    American  cement  used  up  to  elevation  110 ;  Portland  cement  above  this. 

Begun  the  latter  part  of  December,  1893.    Completed  March  12, 1894. 
For  well  3 :  — 
Floor  of  concrete,  2  feet  4  inches  thick. 
Side  walls  of  concrete,  2  feet  thick. 
Internal  diameter,  20  feet. 
Depth,  32  feet. 

Portland  cement  used  entirely,  except  about  2  feet  at  the  bottom. 
Begun  latter  part  of  December,  1893.    Completed  March  8, 1894. 

Discharge  Sewer, 

Size,  6  feet  by  10  feet.    Length  of  closure  built  this  year,  124  feet. 

Average  depth  of  excavatioo,  18.5  feet. 

Average  width  of  trench,  12  feet. 

The  material  excavated  was  mostly  coarse  gravel  and  hard-pan. 

A  single  boom  derrick  with  steam  holster  was  used  in  excavating,  and  the  material 

was  removed  by  carts. 
Work  begun  about  Feb.  1, 1894. 

An  8  foot  4  inch  circular  branch,  21  feet  long,  leads  from  discharge  sewer,  for  possible 
ftiture  reservoir  connection. 

TotaJ  QuanHHee  and  Cost, 


Cost  per 
Cubic  Yard. 


Excavation, 

Brickwork,  American  cement  mortar, 
Brickwork,  Portland  cement  mortar,  . 
Concrete,  American  cement  mortar,     . 
Concrete,  Portland  cement  mortar, 


$13  05 

15  70 

4  00 

e  00 


Total  coat  of  day  work,  including  pnmp-welli,  building  foundations,  connecting 

sewers,  etc., $44,100 

But  little  water  was  encountered  in  the  first  two  wells ;  that  in 
the  first  one  being  handled  by  a  1  inch  steam  ejector  and  in  the 
second  by  a  4  inch  palsometer. 

In  the  third  well  some  difficulty  was  experienced  from  the  sea- 
water  at  high  tide,  and  occasionally  operations  were  suspended  in 
consequence.    A  4  inch  pulsometer  sufficed  here.    The  sheeting 
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of  the  wells  consisted  of  1  inch  poling  boards,  3  feet  2  inches 
long,  held  in  place  by  spruce  ribs  made  by  bending  half  inch 
boards  and  nailing  them  one  upon  the  other  until  a  thickness  of  6 
inches  was  obtained.  For  the  last  43  feet  of  the  discharge  sewer 
pumping  was  necessary,  which  was  done  by  a  6  inch  centrifugal 
pump.  The  maximum  amount  of  water  pumped  in  twenty-four 
hours  was  about  290,000  gallons. 

Excavation  for  the  incoming  sewer  was  done  by  tunnel.  For 
the  suction  conduit  the  excavation  was  by  open  cut.  A  trench 
machine  was  used.  The  only  pumping  done  was  by  a  2  inch 
steam  ejector  in  the  lower^end  of  the  open  cut. 

Wlieel  Casing  Foundation.  —  In  the  perimeter  of  the  sub- wells 
were  set  two  circles  of  heavy  granite  cut  stone  14  inches  thick 
bedded  in  the  concrete.  The  bottom  of  one  circle  was  one  foot 
above  the  floor  of  the  well,  and  the  top  of  the  other  circle  was 
even  with  the  top  of  the  well.  These  stones  form  the  foundation 
for  the  wheel  casing,  which  is  held  in  place  by  eight  anchor  bolts 
passing  through  both  circles  of  stone. 

Main  Frame  Foundation. — Granite  blocks  were  set  in  the 
perimeter  of  the  main  wells,  7  feet  below  floor  level,  and  corre- 
sponding stones  at  the  floor  level,  to  which  the  main  frame  is 
bolted. 

Cylinder  and  Air  Pump  Foundation.  —  Seven  feet  below  the  floor 
level,  around  pump- wells  1  and  2,  granite  blocks  were  embedded 
in  concrete,  and  similar  blocks  were  laid  at  the  floor  level.  Sixteen 
anchor  bolts  pass  through  each  foundation.  The  top  stones  were 
set  and  the  engine  foundations  completed  March  12. 

Sub-foundations,  —  Sub-foundations  for  the  building  were  put 
in  up  to  grade  111.75,  as  follows:  90  linear  feet  of  concrete 
foundation  for  the  west  walls  of  engine  and  boiler  house  was  built 
up  from  the  haunch  of  the  suction  channel ;  work  completed  April 
25.  Under  the  remaining  west  wall  of  the  boiler  house  concrete 
from  8  inches  to  2  feet  6  inches  thick  was  placed ;  work  completed 
May  5.  Under  the  remaining  west  wall  and  entire  south  wall  of 
engine  house  a  concrete  foundation  from  2  feet  to  6  feet  in  thick- 
ness was  placed;  work  completed  May  26.  From  the  haunch  of 
the  discharge  sewer  84  linear  feet  of  concrete  foundation  was 
brought  up  for  a  part  of  the  east  wall  of  the  engine  house ;  work 
completed  April  5.  The  remaining  foundations  of  the  building 
rest  on  hard-pan  at  grade  111.75.  Chimney  foundations  rest  on 
hard-pan  at  grade  110.50. 

Temporary  Building.  —  To  facilitate  work  during  the  winter,  a 
temporary  building  114  feet  long  and  36  feet  wide  was  erected 
over  the  three  pump-wells. 
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Pumping  Station  (Contract  Work),  Deer  Island. 

structures,  —  A  building  of  brick,  granite  and  terra-ootta,  containing  an  engine 
room  100  feet  by  31^  feet,  inside  measnrements,  and  16  feet  bigli  to  bottom  of  roof 
trusses ;  a  boiler  room  63  feet  by  85  feet  and  17  feet  high  to  bottom  of  roof  trasses, 
and  additional  space  for  toilet  rooms,  economizer,  etc  Chimney  125  feet  high. 
The  station  will  contain  two  pumping  engines,  boilers,  etc.,  described  in  last  year's 
report.    Both  the  building  and  pumping  plant  are  being  done  by  contract. 

State  AssittanU, 

Architect :  Arthur  F.  .Gray. 
Assisunt  Engineer :  Frank  E.  Winsor. 
Inspector  of  masonry :  Caleb  Kimball. 
Transitmen:  Principal  —  George  A.  Winsor. 
<*  Assistant  —  John  T.  P.  Jones. 

Contractors. 

Contractors  for  pumping  station :  Gooch  &  Fray,  Boston,  Mass. 

Contractors'  superintendent  and  principal  foreman  to  June  7 :  James  S.  Grant. 

Same  since  June  7 :  Charles  F.  Marr. 

Contractors  for  pumping  plant:  Tbe  Edward  P.  Altis  Company,  Milwaukee,  Wis. 

Contractors'  superintendent  and  principal  foreman :  Forrest  E.  Bingham. 

Excavation  for  building  foundation  began  April  23.  The  first 
foundation  stone  was  set  May  1.  All  stone  masonry  was  com- 
pleted June  29.  The  footing  course  of  all  foundations,  except  that 
of  the  chimney,  is  about  4}  feet  below  the  surface  of  the  ground. 
The  bottom  of  the  chimney  foundation  is  6  feet  below  the  surface. 
The  boiler-house  walls  are,  in  part,  over  the  incoming  sewer,  which, 
as  stated  under  the  heading  of  *^  Day  Work,"  was  built  by  tunnel, 
and  in  order  to  prevent  any  possible  settlement,  pipes  were  driven 
down  every  6  feet  to  the  top  of  the  arch  and  cement  grout  was 
forced  through,  thus  filling  any  void  spaces  which  might  ^xist. 
Brick  masonry  on  the  boiler  house  and  chimney  was  begun  May 
21.  The  chimney  was  completed  July  20  and  the  cap  set  July  30. 
Masonry  on  the  walls  of  the  building,  up  to  the  bottom  of  the  roof 
trusses,  was  completed  July  13.  After  this  a  long  delay  occurred 
on  account  of  the  roof  trusses.  The  first  ones  shipped  were 
rejected,  on  account  of  being  scant  in  dimension  as  well  as  rough 
and  distorted.  August  14  work  was  again  begun,  and  even  then 
the  progress  was  slow.  September  17  the  engine-house  roof  was 
ready  for  the  carpenters,  and  the  iron  work  on  the  remainder  of 
the  building  is  now  complete,  except  a  few  minor  details.  The 
completion  of  the  roof,  floors,  doors  and  windows  and  the  paint- 
ing and  plumbing  still  (September  30)  remain  to  be  done  under 
the  present  contract. 

Pumping  Plant.  —  The  first  lot  of  machinery  for  tbe  pumping 
plant  arrived  at  Deer  Island  June  15,  and  most  of  the  remainder 
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September  5.  CoDsiderable  progress  has  been  made  in  setting  np 
the  plant.  The  gates  in  the  suction  channels  and  the  check  valves 
in  the  discharge  channels  have  been  set.  The  wheel  casing, 
wheels,  main  shafts  and  main  frames  are  all  in  position  but  not 
levelled  ap ;  the  cylinders  and  air  pumps  have  been  placed  on 
their  foundations  but  are  not  accurately  in  place. 


Section  3J  (Day  Work),  Siphon,  Shirley  Gut. 

Location,  — Trom  the  end  of  Section  3  (already  bailt),  on  the  northerly  end  of  Deer 
Island,  under  Shirley  Ont  to  the  beginning  of  Section  4  (already  baiit), 
on  the  southerly  end  of  Point  Shirley,  Winthrop. 
Length  of  section,  about 430  feet. 

NoTB.  —  In  the  report  for  the  year  ending  Sept.  30,  1893  (the  fifth  annual  report), 
a  description  was  given  of  damming  Shirley  Out,  dredging  a  trench  across  the  bed  of 
the  Gut  and  laying  therein  a  single  line  of  brick-lined  steel  siphon  pipe,  in  four  sec- 
tions. The  cost  of  all  this  work  to  Sept.  30, 1893,  was  about  933,000.  The  operations 
for  the  year  ending  Sept.  30, 1894,  are  described  below. 


Character  of  Masonry  iStructureM  built  during  Tear  ending  Sept.  30, 1894, 

Deer  Island  side :  — 

9  foot  brick  sewer,  with  6  foot  4  inch  branch  and  gate  chamber,  length,  74  feeL 

Reducer  to  6  foot  4  inch  brick  sewer,  length, 11    " 

Siphon :  — 
Two  man-hole  sections*  (straight  lengths  at  either  end  of  siphon,  with 

a  temporary  man-hole  going  above  high  water),  length,  each,     .        .  12    *■ 

Point  Shirley  side:  — 

6  foot  4  inch  brick  sewer,  length,       ........  28    " 

Gate  chamber  and  connection  with  sand- catcher,  length 10    ** 

Sand-catcher  (16  feet  by  16  feet,  with  6  foot  4  inch  branch),  length,        .  28    '* 

Reducer  to  sand-catcher,  length, 6 

9  foot  brick  sewer,  length, ^  .       .       .       .11 


(I 


State  Aetietante, 

Assistant  Engineer  (to  February  12) :  Laurence  Bradford. 

Assistant  Engineer  (since  February  12) :  Frank  £.  Winsor. 

Foreman :  Charles  G.  Craib. 

Engineering  Clerk :  Frederick  D.  Smith. 

Transitmen :  Assistants  —  George  A.  Winsor,  Nathan  B.  Wilber,  Daniel  J.  Sulli- 
van, John  T.  P.  Jones. 

Laurence  Bradford,  assisted  by  Daniel  J.  Sullivan,  also  had  charge  of  removal  of 
bulkhead  dam.    Frank  I.  Capen  had  charge  of  final  lining  of  pipe  siphon. 


Principal  Fumishere  of  Labor, 

Back-filling  siphon  trench  and  dredging  to  restore  bed  of  Shirley  Gut  to  its  natnml 

condition :  Perkins  &  White. 
Removing  pile  bulkhead :  William  Miller. 

*  Built  last  year,  but  placed  this  year. 
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Trench  and  Masonry, 


Deer  Island 
Conneetton. 


Winthrop 
Connection. 


Total  excavaUon,  cable  yardi, 
Tutai  brickwork,  cable  yards. 
Total  concrete,  cubic  yards,    . 
Cost  of  brickwork  per  cable  yard, 
Cost  of  concrete  per  cable  yard, 
Brickwork  began, 
Brickwork  dnlshed, ... 
Concrete  began,        .       • 
Concrete  finished, 
Character  of  earth  excavaUon« 


1,180 
111 
185 
$15  75 
$5  67 
Jan.     81,  1804. 
March  22, 1804. 
Jan.     26, 1804. 
March    1,  1804. 
Sand  and  graTcl. 


1,840 
186 
803- 
$14  81 
$6  40 
May  24,1804. 
Jane  10, 1804. 
May   11,  1804. 
July     5, 1804. 
Sand  and  gravel. 


Portland  cement  mortar  was  nsed  for  all  the  masonry. 

Approximate  total  cost  of  section  from  the  beginning  of  work  in  1893  to  date  (Sept. 
30,  18d4) :  — 
Deer  Island  connection,  Incloding  gate  chamber,  branch,  reducer, 

etc 99,492 

Masonry  siphon  with  steel  shell,  including  final  lining, .       .       .    26,890 
Winthrop  connection,   including  gate   chamber,  sand-catcher, 

branch,  etc., 9,660 

Dam-work,  dredging,  back-filling,  etc.  (in  Shirley  Out),      .       .     16,100 

ToUl $62,100 


Underdrain. 


SiDB. 

Size 
(Inchet). 

Length 
(Peel). 

Elevation  of  Bottom. 

Deer  Inland, 
Deer  Island, 
Point  Shirley,   . 
Point  Shirley,    . 

15 
12 
15 
10 

85 
20  t 
120 
22 

0.5  feet  below  low  water. 

8.3  feet  to  10  feet  below  low  water. 

Pipe  Work,  —  About  the  middle  of  October,  1893,  the  two 
maD-hole  sections  of  the  siplion  (steel  shells  lined  with  masonry) 
were  launched,  floated  into  place  and  connected  with  the  main 
portion  of  the  siphon  respectively  on  the  Deer  Island  and  the 
Winthrop  end.  As  soon  as  practicable  thereafter  the  temporary 
top  of  each  man-hole  going  above  high  water  was  bolted  on. 
Pumping  water  from  the  siphon  was  then  begun,  followed  by 
removing  the  wooden  bulicheads  in  the  pipe  and  making  the 
masonry  lining  continuous.  The  last  bulkhead  was  removed 
about  the  middle  of  November.  The  pipe  was  found  to  be 
practically  without  leakage.  In  the  meantime  back-filling  over 
the  pipes  had  been  continued,  and  the  flange   joints  had  been 
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covered  with  clay  broaght  Id  bcows.  The  siphon  was  lined  very 
smoothly  with  Portland  cement  mortar  rammed  into  place.  Elm 
hoop  furrings  soaked  in  hot  paraffine  and  fastened  with  heavy 
copper  rivets  were  used.  This  work  of  lining  the  siphon  occupied 
from  the  first  of  May  to  the  middle  of  June. 

Excavation^  Deer  Island  Side.  —  Work  here  began  October  29. 
The  first  step  was  to  drive  4  inch  sheeting  around  the  entire 
extent  of  the  proposed  trench,  and  securely  brace  it  down  to  low- 
water  line.  Filling  was  dumped  around  the  outside  of  the  sheeting. 
This  filling  was  in  part  carted  from  the  site  of  the  Deer  Island 
pumping  station,  as  the  material  at  hand  was  too  porous  to 
exclude  water.  A  double  incline  was  used  in  excavating.  The 
water  encountered  was  principally  leakage  from  the  sea,  although 
at  the  time  connection  was  made  with  Section  3  a  large  proportion 
of  the  water  came  from  the  underdrain  of  that  section.  The 
following  plant  was  used  in  removing  the  water :  beginning  with 
a  9  inch  Andrews  centrifugal  pump,  run  by  a  25  horse-power 
Hoadley  engine,  a  6  inch  pump  of  the  same  type  was  added  Feb- 
ruary 3,  and  still  another  February  20.  Excavation  was  finished 
Feb.  19,  1894. 

Excavation^  Winthrop  Side.  —  Work  here  began  March  13. 
Tlie  general  plan  of  the  sheeting  was  the  same  as  on  the  Deer 
Island  side.  The  same  incline  and  pumping  equipment  was  used 
here  as  on  the  Deer  Island  side.  Tbe  water  encountered  was 
leakage  fi-om  the  sea,  and  a  large  amount  from  the  underdrain  of 
Section  4.     Excavation  was  finished  June  7,  1894. 

Miscellaneous.  —  The  dredging  to  restore  the  bed  of  Shirley  Gut 
to  its  natural  condition  was  done  in  the  spring  of  1894.  The  pile 
bulkhead  across  Shirley  Gut  was  removed  in  May  and  June,  1894. 

Sfxtion  7,  Winthrop  and  East  Boston. 

Location.  —  From  a  point  abont  300  feet  westerly  from  Pleasant  Street  station,  on  the 
Boston,  Winthrop  &  Shore  Railroad,  across  Belle  Isle  Inlet  and  Manh 
Ibland  to  a  point  on  tbe  marsh  in  East  Boston  about  100  feet  easterly 
from  Riverside  Avenne. 

Contractors, — Trambull  &  Ryan  of  Boston,  Mass. 

Contractors*  Superintendent  and  Principal  Foreman  {Tear  ending  Sept.  30, 1894).^ 
Charles  E.  Trambull. 

State  Assistants  {Tear  ending  Sept.  30, 1S94). 

Asslf^tant  Enfdneer:  Henry  H.  Marden,  Jr. 

Superintendent  of  construction  (from  July  21) :  Charles  O.  Cralb. 

Inspector  to  July  21  and  then  Engineering  Clerk :  R.  H.  Sumner. 

The  main  aewer,  sand-catcber  and  overflow  were  built  witboat 
Bpecial  difficulty.  All  of  tbia  constrnction,  except  for  a  portion  of 
the  main  sewer,  was  prior  to  tbis  year  and  was  described  in  pre- 
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vious  reports.  In  buildiDg  the  descending  part  of  the  siphon  on 
the  East  Boston  side,  and  the  lowest  part  of  the  siphon  directly 
beyond,  great  difflcalties  were  experienced  from  floodings  of  the 
trench.  The  following  quotation  from  the  fifth  annual  report,  con« 
cerning  the  coffer-dam,  explains  how  these  difflcalties  arose :  — 

The  fineness  of  the  sand  forming  the  bed  of  the  inlet  was  such  that  it 
gave  great  resistance  to  penetration  by  sheet  piling.  After  the  plank 
had  been  driven  about  5  feet  into  the  sand,  the  blow  from  a  hammer 
2,200  pounds  weight,  falling  twenty  feet,  would  cause  a  penetration  of 
one-quarter  of  au  inch.  .  .  .  The  effect  of  the  hard  driving  was  seen  as 
trench  excavation  progressed.  Some  planks  projected  into  the  trench, 
and  some  out.  The  grooves  were  opened  in  a  majority  of  cases.  At 
high  tide  sand  and  water  came  in  through  these  cracks  freely. 

At  the  beginning  of  the  present  year  the  following  work  remained 
to  be  done  :  — 


Excavation, 
Linear  Feet. 


Ifaaonry, 
Linear  Feet. 


Main  sewer 

Lower  part  of  siphon, 

Rise  from  siphon  (Winlhrop  side). 

Pipe  chamber, 

Reducer  from  pipe  chamber  to  main  sewer, 


188.63 

04.00 

26.20 

7.00 

8.00 


The  first  work  during  the  year  just  ended  (September  30) 
was  to  finish  the  masonry  of  the  main  sewer  on  the  Winthrop 
side  of  Belle  Isle  Inlet.  In  proceeding  with  the  siphon  work 
similar  difiSculties  were  encountered  as  previously,  and  others  in 
addition.  There  remained  a  gap  of  about  79  feet  of  coffer-dam  on 
the  Winthrop  side  to  close  up.  The  contractors  started  to  close 
this,  and  at  the  same  time  to  remove  a  portion  of  the  coffer-dam 
around  the  completed  work  on  the  East  Boston  side.  The  closing 
of  the  gap  was  made  directly  at  right  angles  to  the  current,  and 
produced  at  that  point  a  very  rapid  flow.  This  scoured  the  bed  of 
the  inlet  at  the  point  of  closure  down  to  a  depth  about  21  feet 
below  mean  low  water,  or  about  18  feet  below  the  original  sur- 
face  of  the  bed  of  the  inlet.  The  scour  undermined  the  end  of 
the  main  sewer  on  the  Winthrop  side,  causing  the  sewer  to  crack 
at  a  point  40  feet  back  from  the  end  of  the  siphon.  This  short 
piece  of  sewer,  which  rested  on  piles,  then  moved  slowly  toward 
the  siphon  for  a  distance  of  1.8  feet.  The  moving  piece  of  sewer 
was  then  secured  to  the  solid  work  behind,  and  thereafter  no  fur- 
ther movement  occurred.     The  outer  end  settled  about  3  J  inches. 
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One  side  of  the  sheeting  for  the  oofifer-dam  at  the  closure  oscillated 
with  the  tide.  The  oscillation  was  stopped  by  driving  spur-shores, 
after  which  the  other  side  of  the  coffer-dam  was  completed,  and 
the  dam  made  tight  by  filling  outside  up  to  low  water.  The  siphon 
and  part  of  the  rise  from  the  siphon  were  then  built  inside  of  this 
coffer-dam.     Work  stopped  at  this  point  June  4. 

The  work  of  making  a  connection  between  the  portion  of  the 
masonry  siphon  constructed  in  the  old  coffer-dam  and  that  con- 
structed in  the  new  one  was  begun  June  5.  This  place  was  not  far 
from  the  middle  of  the  stream.  The  contractors,  however,  did 
not  succeed  in  pumping  out  the  coffef-dams  at  this  place,  and  so 
were  unable  to  make  any  progress  in  connecting.  The  contractors 
had  used  more  than  double  the  time  that  was  called  for  in  the  con- 
tract ;  but,  as  they  had  had  a  good  previous  reputation,  much 
experience  on  this  kind  of  work,  and  were  desirous  of  completing 
the  job,  they  had  been  allowed  to  continue. 

During  the  two  years  and  more  the  contractors  had  been  en- 
gaged on  this  section,  other  difficult  work,  such  as  siphons,  engine 
foundations,  the  outfall  sewer,  etc.,  had  been  nearly  completed, 
and  it  was  felt  that  prudence  required  that  Section  7  should  no 
longer  be  left  to  the  uncertainties  of  a  contractor's  operations,  but 
should  be  taken  by  the  State  and  prosecuted  directly.  It  was 
accordingly  taken  from  them  July  21. 

As  the  first  step  in  the  Board's  work,  July  80,  an  attempt  was 
made  to  pump  down  the  water  in  the  trench  near  the  middle  of 
the  siphon,  where  the  contractors  had  attempted  to  do  so  and 
failed.  By  the  use  of  two  6  inch  centrifugal  pumps  which  they 
had  previously  used,  and  an  additional  9  inch  pump,  the  water  in 
the  trench  was  pumped  down  to  within  about  8  feet  of  the  bottom 
of  the  siphon.  Several  heavy  leaks  were  found,  where  water 
boiled  up,  bringing  sand  with  it.  The  quantity  of  sand  which 
boiled  into  the  trench  was  so  great  as  to  show  that  some  other 
method  of  procedure  was  necessary.  At  this  place  it  was  now 
necessary  to  excavate  sand  in  the  bottom  of  the  trench  for  a  depth 
of  about  3  feet.  As  it  was  impracticable  to  pump  out  the  water 
without  building  a  new  dam,  and  as  it  was  not  thought  best  to 
build  the  latter,  an  attempt  was  made  to  excavate  the  sand  by 
pumping  it.  This  was  done  to  some  extent ;  but  with  the  appa- 
ratus in  hand  and  the  conditions  that  here  obtained,  the  work 
proceeded  very  slowly,  and  it  was  supplemented  by  the  operations 
of  divers.  The  trench  by  these  methods  was  excavated  to  a  depth 
of  1.88  feet  below  the  water  line  of  the  sewer.  Steel  rails  weigh- 
ing 60  pounds  to  the  yard  were  then  placed  across  the  trench  about 
8  inches  above  the   bottom  and  about  1  foot  apai-t.     Portland 
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cement  grout  was  next  deposited  in  the  trench  to  the  level  of  the 
water  line,  completely  surrounding  these  rails.  Forms  were  then 
set  on  the  sides,  and  a  wall  of  masonry  of  the  same  kind  of  grout 
was  formed  against  the  sheeting.  Each  of  these  walls  was  6  feet 
high  and  averaged  12  inches  in  thickness.  The  grout  was  poured 
through  wooden  tubes  which  extended  from  the  top  of  the  trench 
to  the  bottom  of  the  water.  This  work  was  finished  September 
25.  After  the  grout  has  had  eight  days  to  set,  the  trench  will 
again  be  pumped  out  and  the  closure  of  the  masonry  completed. 

Pumping  Station   (Day  Work),   East  Boston. 

Location,  —  On  northerly  side  of  Addison  Street,  abont  300  feet  from  comer  of 
Chelsea  and  Addison  streets,  on  south  side  of  Chelsea  Creek,  east  of 
and  adjacent  to  Grand  Junction  Railroad  location.  The  area  covered 
by  station  and  connections  is  2L0  feet  long  and  76  feet  wide. 

SttUe  AMtistmUs, 

Assistant  Engineer:  Henry  H.  Harden,  Jr.  , 

Transitmen :  Principals  —  Charles  L.  Weeks,  Charles  Kincald. 

'*  Assistants  —  F.  M.  Wilbar,  J.  J.  Comfrey. 

Principal  Foremen :  John  Collaran,  B.  L.  Sykes. 
Sab-foremen :  John  Cain,  Daniel  Hogan. 

The  day  work  comprises  connections  with  sections  9  and  10, 
screen  chamber,  suction  conduit,  pump- wells,  discharge  channels, 
boiler  foundations,  sea  wall  along  the  creek,  chimney  foundations, 
and  foundations  for  the  building  where  deeper  than  elevation  112. 

Work  began  Nov.  8,  1893,  and  was  finished  May  21,  1894,  with 
the  exception  of  the  screen  chamber.  The  screen  chamber  is  un- 
finished, the  top  and  guides  remaining  to  be  done. 

Screen  Man-hole  and  Chamber.  —  The  screen  chamber  is  a  com- 
plicated structure  designed  to  receive  the  sewage  from  Section  1.0 
and  tbe  East  Boston  branches  before  it  enters  the  suction  conduit. 
Its  foundation  is  52  feet  deep. 

Total  cost,  including  excavation,  masonry,  pumping,  etc $8,100 

The  auction  conduit  extends  along  the  southerly  side  of  tbe  engine 
house,  a  distance  of  about  1 1 0  feet.  The  inside  dimensions  are 
10  feet  by  13  feet  6  inches  for  most  of  its  length.  For  a  length 
of  about  60  feet,  this  was  built  by  tunnelling,  but  as  it  was 
directly  under  the  south  wall  of  the  building  and  there  was 
doubt  about  it  being  possible  to  back-fill  tfioroughly  enough  to 
prevent  some  settlement  of  the  surface,  the  last  50  feet  was  built 
by  open  cut.  The  depth  was  about  40  feet  below  street  surface  to 
under  side  of  masonry. 

Total  cost,  including  excavation,  masonry,  pumping,  etc.,        .       •       .       $10,150 
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Pamp'Wells^  including  Foundations  for  Pumps  and  Engines.  — 
The  three  pump-wells  are  each  24  feet  diameter  outside  of  masonry 
and  41  feet  deep  to  under  side  of  masonry.  In  excavating  them  a 
trench  machine  was  used,  so  arranged  that  the  tubs  could  be 
lowered  into  the  three  pits  at  one  time.  The  material  of  excava- 
tion was  composed  of  clay  and  stones,  hard  to  dig,  but  liable  to 
flake  off  on  exposure  to  the  air.  In  pits  2  and  3  a  stratum  of  soft 
material,  encountered  about  half-way  down,  caused  a  slip  in  the 
sides,  and  a  delay  of  about  a  week.  When  the  masonry  was  built 
into  the  pits  all  sheeting  and  bracing  were  taken  out  and  the 
masonry  built  against  the  earth. 

Total  Cost  of  Pump'toelh. 

Excavation, $3,600 

Concrete, 7,000 

Brickwork,    .        .        .     • 4,750 

Stone-worlc, 2,150 

Pampfng,      .        .        .  • 500 

MiBcellaDeoas, 3,000 

Total $21,000 

Discharge  Channels  and  Connection  wUh  Section  9.  — These 
comprise  three  channels,  each  4  feet  in  diameter  and  45  feet  long, 
a  piece  of  sewer  9  feet  in  diameter,  30  feet  long,  and  a  reducer  9 
feet  to  4  feet,  25  feet  long.  Each  discharge  in  a  distance  of  21 
feet  from  pit  rises  by  reversed  curves  14  feet  vertically. 

Total  cost  of  discharge  channels  and  connections  with  Section  9,  including 

excavation,  masonry,  etc., $7,400 

Sea  Wall.  —  This  extends  along  the  creek  and  under  ends  of 
boiler  house,  a  length  of  about  165  feet.  It  is  10  feet  wide  on 
base  and  4  feet  on  top,  having  a  face  batter  1  in  8.  The  top  is  16 
feet  above  low  water.  The  wall  was  composed  of  a  face  of  split 
granite,  backed  up  by  Portland  cement  concrete. 

Total  cost  of  the  sea  wall,  including  excaration,  masonry,  pumping,  etc.,       $4,050 

Foundation  Walls  of  Engine  and  Boiler  House,  —  Where  ground 
had  been  disturbed  by  other  operations,  or  natural  conditions 
required  a  foundation  to  be  put,  extending  lower  than  elevation 
112,  walls  of  concrete  42  inches  thick  were  built  to  a  good  foun- 
dation. 

Total  cost,  including  excavation  and  masonry $2,775 


1895.]  PUBLIC  DOCUMENT  — No.  45.  61 

Chimney  Foundation,  — This  was  bailt  of  split  granite,  laid  in 
courses.  The  foundation  was  20  feet  square  at  low  water,  16  feet 
square  at  bottom  of  brickwork,  and  is  16  feet  high.  Before  laying 
any  stone  the  surface  of  the  ground  was  compacted  by  dropping  on 
it  from  a  height  of  about  3  feet  a  pile  hammer  weighing  1,800 
pounds.  After  going  over  the  surface  thoroughly  this  way,  a  layer 
of  concrete  6  inches  thick,  mixed  with  very  little  water,  was 
rammed  in  same  manner.  On  this  foundation  the  stone-work 
was  started. 

Total  cost,  including  ezcftTatlon,  masonrj,  pnmping,  etc., ....       $2,900 

Foundations  for  six  boilers  are  placed.  They  consist  of  concrete 
blocks  on  which  brickwork  rests,  and  are  in  part  8  feet  thick. 

Total  cost,  incloding  azcaTatlon,  masonry,  etc., $2,150 


PuKPiKG  Station  (Contbact  Work),  East  Boston. 

SirttetureM. — A  boildlng  of  brick,  granite  and  terra-ootta,  containing  an  engine 
room  100  feet  by  31^  feet,  and  boiler  room  100  feet  by  31j|  feet  including  toilet  and  tool 
rooms,  economizer,  etc.    A  chimney  120  feet  high,  with  4  feet  6  inches  flue. 

The  station  will  contain  two  pomplng  engines,  boilers,  etc.,  described  in  last  year's 
report. 

State  AuitUtntM. 
Architect :  Arthur  F.  Gray. 
Assifitaot  Engineer :  Henry  H.  Harden,  Jr. 
Transitmen :  Principals— Charles  L.  Weeks,  Charles  Klncald. 

'*  Assistant— J.  J.  Comflrey. 

Inspector  of  bnilding :  James  B.  Coyne. 

Contractors, 

CatUractor  for  pumping  station  huildinff.'^'E,  E.  Strout,  Lynn,  Haas. 
Contractor's  Stgtenntendent.  —  Jacob  Moulton. 

Contractors  for  pumping  plant.  ^  The  Edward  P.  AUis  Company,  Milwankee,  Wis. 
Contractors*  Svperintendsnt,  —  Forrest  £.  Bingham. 

Machinery.  —  The  work  of  erecting  the  machinery  began  in 
May,  1894,  and  has  proceeded  slowly  since.  The  same  outfit 
which  was  erecting  machinery  here  was  also  used  in  erecting  the 
machinery  at  Deer  Island,  and  when  working  at  one  place  opera- 
tions at  the  other  were  suspended.  September  30  the  two  pumps 
were  in  place  and  considerable  work  done  on  the  engines. 

Building. — The  contractor  began  work  May  19,  1894.  Sep- 
tember 30,  chimney  was  completed  and  all  walls  of  the  building 
and  roof  completed.  There  yet  remains  to  be  done  some  work 
on  the  plumbing  and  toilet  rooms,  and  the  floors  are  to  be  put  in ; 
also  some  miscellaneous  small  items  of  finish. 
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Sectiok  10  (Dat  Work),  East  Boston  and  Chelsea. 

Location,  —  From  pumping  station  at  East  Boston,  near  the  Grand  Junction  Railroid 
bridge  over  Chelsea  Creek,  thenoe  onder  Chelsea  Creek  between  the 
Grand  Junction  Railroad  bridge  and  the  Chelsea  Street  road  bridge  to 
a  point  on  Marginal  Street,  near  Eastern  Avenue,  in  Chelsea,  where 
connection  is  made  with  Section  12. 

Length  of  section, 708.67  feet. 

of  siphon  (tunnel), 504.00    ** 

of  gate  chamber  and  overflow 38.00    ** 

of  sand-catcher 145.00    ** 

of  reducer  to  main  sewer 10  00    ** 

of  main  sewer  (9  feet  diameter),        •       .       .       .         11.67    " 

AssistanU, 

Assistant  Engineer :  Henry  H.  Harden,  Jr. 

Transitmen :  Principals  ~  Charles  L.  Weeks,  Charles  Kincaid. 

'<  Assistant — J.  J.  Comftey. 

Draughtsman :  F.  M.  Wilbar. 


Tunnel  (from  Beginning  of  Work  in  1892): 

Excavation, 
Length  excavated, 


Average  depth  from  surface  of  ground  to  bottom  of  excavation. 
Greatest  depth  from  surface  to  bottom  of  excavation, 

Avemge  width  of  excavation 

Volume  of  excavation  per  linear  foot, 


504.00  feet. 

53.00   •« 

58.30   " 

8.00   " 

2.00  cu.  yds. 


Masonry. 

Length  completed, 604.00  feet. 

Masonry  begun  Nov.  15, 1892;  finished  May  4,  1893. 

Total  cost  of  tunnel,  including  shafts,  bracing,  excavation,  masonry,  pile 
foundation,  repairs,  pumping  plant,  superintendence  and  miscella- 
neous items,  ^46,550. 


Sand'Catcher^  Overflow  and  Gate  Chamber  (from  Beginning  of 

Work  in  1892). 


Trench. 

Length  excavated  to  bottom  of  pile  caps, 
Average  depth  to  bottom  of  pile  caps, 
Greatest  depth  to  bottom  of  pile  caps. 
Average  width,  top  of  trench,    . 
Average  width,  bottom  of  trench,     . 
Volume  of  excavation  per  linear  foot. 


I* 


(I 


204.67  feet. 
23.00 
29.00 
32.00  •* 
29.00  " 
26.00  en.  yds. 


Masonry, 

Length  completed, 204.67  ibet 

Masonry  begun  Dec.  6, 1892 ;  finished  March  23, 1894. 

Total  cost  of  sand-catcher,  overflow,  gate  chamber,  reducer,  branch,  etc., 
including  excavation,  sheeting  and  bracing,  coffer-dam,  masonry, 
pile  foundation,  pumping,  grading  and  miscellaneous  items,  $64,000. 
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Ezeaeation  for  Tear  ending  Sept,  30, 1894, 


Band-eatcber. 


Character  of  openlagi 

Date  of  itartlDg, 

Point  of  bogiDDlns  or  continoing  from  loat  year's  work, 

Point  of  eo Jin g 

Data  of  flnlablDg, 

Gang  ordinarily  employed, 


Open  cot. 
Oct.  1, 180S. 

8Utlon6  +  U* 
Section  12. 
March  6, 18M. 
60  men. 


Pumps^  etc,  —  Ordinarily  a  No.  5  pulsometer  pump  handled  the 
-water,  though  at  times  two  6  inch  centrifugal  pumps  were  required. 
Estimated  greatest  rate  of  pumping  in  twenty-four  hours,  1,700,000 
gallons.  In  addition  to  the  above,  one  pump  (Blake,  8  inches  by 
12  inches  by  14  inches)  was  kept  running  to  keep  down  the  water 
in  from  12  to  24  wells,  each  56  feet  deep.  These  wells  were  of  the 
same  kind  and  for  the  same  purpose  as  those  described  in  the  fifth 
annual  report,  page  43. 

The  foundation  was  on  piles,  as  described  in  last  year's  report. 

Repairs,  —  Soon  after  driving  piles  for  the  foundation  of  the 
dry  wall  which  extends  from  the  corner  of  the  gate  chamber  to  the 
bridge  abutment,  a  crack  was  noticed  in  the  roof  of  the  rise  from 
the  siphon.  Apparently  driving  the  piles  had  cracked  the  structure, 
and  the  sand  entering  had  undermined  it,  causing  it  to  settle.  It 
was  decided  to  remove  the  rise  and  rebuild  it.  For  this  purpose 
a  shaft  was  sunk  around  the  rise,  using  6  inch  sheeting  driven 
by  a  water  jet  to  a  depth  2  feet  below  the  masonry.  Inside  the 
shaft  12  wells  were  driven,  and  a  pump  connected  with  them  low 
enough  to  thoroughly  drain  the  sand  underlying  the  sewer.  The 
old  work  was  removed  and  piles  driven  at  random  about  2  feet  6 
inches  apart  in  the  bottom.  Concrete  was  placed  around  the  piles, 
and  on  this  foundation  the  rise  was  built. 

Later  investigations  showed  that  the  adjoining  siphon  had  become 
distorted  by  the  operations,  and  to  repair  this  an  air-lock  was  placed 
in  the  shaft,  a  bulkhead  built  in  the  siphon  back  about  200  feet, 
and  compressed  air  used.  For  a  distance  of  25  feet  from  bot- 
tom of  the  rise  the  old  work  was  taken  out  entirely.  From  25  to 
88  feet  back  from  the  bottom  of  the  rise  various  parts  of  the  arch 
and  invert  were  taken  out  and  replaced.  The  sewer  in  this  locality 
has  been  examined  at  frequent  intervals  for  a  period  of  several 
months.  No  further  indications  of  injury  of  any  sort  have  been 
found. 
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Section  11,  Chelsea.. 

Location,— "From  Marginal  Street,  Chelsea,  throogh  Eastern  Arenne  to  near  Wi|. 
longbby  Street,  crossing  under  the  Boston  &  Albany  Railroad  (Oraod 
JoDctlon)  and  Bass  Creek. 

Length  of  section, 3.030  feet. 

Diameters  of  sewer,  2  ffeet  1  inch  by  2  feet  10  Inches. 
Contractor,  —  Charles  Linehan  of  Cambridge,  Mass.    Mr.  Llnehan  has  acted  as  bis 
own  saperintendent. 

State  AuUtant», 

Assistant  Engineer  and  Inspector :  Francis  L.  Sellew. 
Transitman :  W.  Gordon  Crispin. 

Trench. 

Length  completed, 2,003.00  feet. 

Average  depth  of  excavation  to  bottom  of  pile  cap,        .  .         17.00   " 

Greatest  depth  of  excavation  to  bottom  of  bricic  work,    .        .  18.35   ** 

Average  width,  top  of  trench 6.10   *' 

Average  width,  bottom  of  trench, 4.20   " 

Yolame  of  excavation  per  linear  foot,      ...:..  3.25  cq.  yds. 

Approximate  cost  of  trench  per  linear  foot,  including  sheeting  left 
in,  excavation  and  back-filling,  etc.,  $3.45. 

Character  of  Excavation, —  At  lower  end  of  section :  1  foot  of  gravel  and  ashes,  1 
foot  of  filling  (abhes,  etc.),  2^  feet  gravel  and  clay,  7^  feet  of  flbroas  peat,  with  silty 
sand  below.  This  formation  extends  for  1,018  feet,  to  near  Cottage  Street.  For  200 
feet  northerly  from  Cottage  Street:  1  foot  of  gravel  and  ashes,  2  feet  of  filling  (ashes, 
etc.),  underlaid  by  hard  yellow  clay  to  bottom  of  trench.  Next  400  feet:  l^  feet  of 
gravel  and  ashes,  10  feet  of  yellow  hard-pan,  bine  hard-pan  below.  Bass  Creek  to 
present  end  of  trench,  a  distance  of  about  400  feet :  1^1  feet  of  gravel  and  ashes,  1^  feet 
filling  (ashes,  etc.),  7  feet  of  peat,  silty  sand  below.  The  silty  sand  mentioned  in 
this  paragraph  was  so  fine  that  81  per  cent,  passed  through  a  sieve  having  14,400 
meshes  to  the  square  inch,  and  20  per  cent,  through  one  haying  32,400  meshes  to 
the  square  Inch. 

Mcaonry, 
Contract  price :  — 

Brickwork,  American  cement  mortar,  per  cubic  yard,        .       .       .       .  $13  00 

Brickwork,  Portland  cement  mortar;  per  cubic  yard, 16  00 

Concrete,  American  cement  mortar,  per  cubic  yard, 4  50 

Concrete,  Portland  cement  mortar,  per  cubic  yard, 6  00 

Length  completed, 1,700  ftet. 

Diameters  of  underdrafn  laid  and  length  of  each  sixe :  — 

6  inch, 295  *« 

8  inch, 279  " 

Masonry  was  begun  June  20, 1894,  and  is  now  (September  30)  in  prog- 
ress. 

Approximate  cost  of  masonry  per  linear  foot  of  trench,  including  plies, 
nndcrdrain,  etc.,  $5.20. 

Approximate  cost  of  section  per  linear  foot  of  excavation  and  masonry, 
including  labor,  material,  inspection,  etc.,  to  date  (September  30), 
$8.90. 
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Excavation, 


Opening  No.  1. 

Opening  No.  2. 

Opening  No.  3. 

Character  of   open. 
Ing. 

Open  cut,  . 

Open  eot,  . 

Open  cut. 

Date  of  §tarting,      . 

May  22, 1894,     . 

May  30, 1894,     . 

Aug.  20, 1894. 

Point  of  beginning, 

Central  Ayenne, 

About  80  feet  north  of 
Boston    &  Albany 
Railroad. 

Central  Avenue. 

Point  of  ending, 

Abont  80  feet  north  of 
Boston   &  Albany 
Kailroad  at  opening 
No.  2. 

Tn  progress  abont  439 
feet  north  of  Bass 
Creek. 

In  progress  about  70 
feet  north  of  Mar> 
ginal  Street. 

Finished  or  In  prog- 
reel  Beptember  30. 

Finished  Sept.  6, 1894, 

In  progress, 

In  progress. 

Length,     ... 

318  feet,      . 

1,493,  exclusive  of  87 
feet,    left   at    Bass 
Creek  to   be  done 
later. 

192  feet. 

Ordinary     progresi 
per  week. 

vM  IvOwy             •             •             • 

80  feet, 

40  feet. 

Appliance!  need,     . 

Derrick,     . 

Trench  machine. 

Derrick. 

Gang  ordinarily  em- 
ployed In  excava- 
tion. 

15  men,       ■       . 

20  men, 

16  men. 

A  4  inch  centrifugal  pump  was  used  at  Central  Avenue,  and 
another  about  80  feet  north  of  the  Boston  &  Albany  Railroad. 
These,  together  with  hand  pumps  at  various  places,  took  care  of 
all  the  water. 

Foundation.  —  The  bottom  of  the  trench  was  yellow  hard-pan 
for  a  distance  of  about  527  feet  from  about  87  feet  north  of  Cot* 
tage  Street  to  near  Bass  Creek,  and  was  excavated  to  fit  the 
bottom  of  the  sewer.  From  about  70  feet  north  of  Marginal 
Street  to  Cottage  Street,  a  distance  of  about  948  feet,  and  from 
Bass  Creek  north  to  the  present  end  of  the  trench,  a  distance  of 
about  439  feet,  the  bottom  was  composed  of  fine,  silty  sand.  The 
sewer  was  in  this  place  built  on  a  pile  foundation.  Piles  averaging 
10  inches  in  diameter  were  driven  in  bents  of  two.  The  tops  of 
the  piles  were  covered  by  8  inch  by  10  inch  spruce  caps,  on  which 
a  3  inch  spruce  platform  was  laid.  The  piles  were  from  11  feet 
to  30  feet  in  length,  but  were  mostly  from  20  feet  to  25  feet.  For 
about  87  feet  in  a  northerly  direction  from  Cottage  Street  the  bot- 
tom of  the  trench  was  yellow  clay.  The  trench  was  made  with 
a  square  bottom.  Concrete  was  here  placed  in  the  bottom  of 
the  trench,  and  brought  up  to  fit  the  4  inch  brick  invert  of  the 
sewer. 

Miscellaneous. — The  sewer  was  built  under  the  Boston  & 
Albany  Railroad.  Here  the  masonry  was  laid  in  Portland  cement, 
and  the  arch  was  covered  with  6  inches  of  concrete.     The  sewer 
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was  built  under  a  culvert  situated  about  75  feet  south  of  Central 
Avenue.  The  sewer  was  built  under  another  culvert,  about  225 
feet  north  of  the  Boston  &  Albany  Railroad.  Here  a  concrete 
pier  was  built  to  support  the  culvert. 

About  75  feet  south  of  Central  Avenue  the  trench  moved  toward 
the  west  after  the  piles  had  been  driven.  As  making  the  trench 
here  was  a  matter  of  some  difficulty,  a  slight  change  was  made  in 
the  alignment  of  the  sewer,  to  admit  of  building  in  the  trench  in 
the  position  it  had  taken. 

The  surplus  earth  gained  by  the  sewer  operations  was  left  by 
the  contractor,  with  the  consent  of  the  owner,  outside  of  the  fence 
along  Eastern  Avenue. 


Section  19  (Day  Work),  Siphon,  Malden  River,  Everett  and 

Medford. 

Location. — From  the  end  of  the  sewer  already  bailt  (end  of  Section  17^)  on  the 
easterly  bank  of  Maiden  River,  Everett,  underneath  the  river,  at  a 
point  about  opposite  the  Wellington  station  of  the  Boston  &  Maine 
Railroad,  to  the  sewer  ahneady  built  (beginning  of  Section  20)  on  the 
westerly  bank,  Medford. 
Character  of  structures :  — 
Everett  side,  — 
Brick  sewer,  4  feet  8  inches  by  5  feet  1{|  inches,  with  a  branch  3  feet 

6  inches  in  diameter.    Length,  about 40  feet. 

Pipe  chamber  (including  a  sump  man-hole,  3  feet  6  inches  square;  a 
stop  plank  man-hole,  4  feet  8  inches  by  6  feet  2  inches,  containing 
a  branch  for  an  overflow ;  an  enlargcr  connecting  these  two  man- 
holes, built  upon  a  vertical  reversed  curve,  with  a  rise  of  7  feet). 

Length,  about 35    " 

Under  the  Maiden  River,  — 

Concrete  pipe,  3  feet  6  inches  inside  diameter.    Length,  about      .       •    229    " 
Medford  side,  — 
Sand-catcher,  10  fbet  by  11  feet  3  inches,  with  three  stop  plank  man- 
holes (one  connecting  with  pipe  laid  under  the  river,  one  connecting 
with  the  overflow  and  one  to  connect  with  an  additional  pipe  to  be 
laid  under  the  river  in  future  if  found  necessary).    Length,  about    .      88    '* 
Brick  sewer,  4  feet  8  inches  by  5  feet  1^  inches.    Length,  about   .       .    104    " 

Assistant  Engineer:  William  W.  Lewis. 

Foremen:  Patrick  McCarthy,  Charles  P.  Horton,  Samuel  Taylor  (pile  driving). 

Transitmen :  Edward  S.  Foster,  George  A.  Winsor. 

Draughtsman :  David  H.  Winslow. 

Trench^  Everett  Side. 

Total  cubic  yards  of  excavation, 776 

Approximate  cost  of  excavation  per  cubic  yard,  including  sheeting  and 
bracing,  pumping  and  building  peat  dam  around  trench,  $4.50. 

Chartufter  of  Barth  Excavation,  —  Peat  and  silt. 
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Matonn/y  Everett  Side, 

Volume  of  Portland  concrete  built, 304  cubic  yards. 

Volume  of  Portland  brickwork  built 48    "        " 

Approximate  cost  of  Portland  concrete  per  cubic  yard,       .       .       .        .         f  5  60 
Approximate  cost  of  Portland  brickwork  per  cubic  yard,    ....         18  20 

Approximate  cost  of  pipe  chamber, 6,281  00 

Approximate  cost  of  40  feet  of  4  feet  8  inches  by  5  feet  1 J  inches  sewer,     .     1,554  00 

Coffer-dam  acroee  Maiden  River. 

Length  completed, 225.00  feet. 

Elevation  of  top  of  plank, 114.20    *< 

Ayerage  width  inside  of  sheeting, 9.00    '* 

Length  of  the  4  inch  spruce  sheeting :  — 

For  147  feet  from  the  Everett  side, 35.00    *< 

For  the  remaining  78  feet,  on  the  Medford  side,        ....         30.00    " 

Number  of  round  piles,  ....'....•...      56 

Number  of  spur  and  dolphin  piles, 46 

Began  to  build  on  Everett  side  May  15,  1894. 

Finished  Everett  side  July  13.    Cut  away  Everett  side  July  27. 

Channel  opened  on  Everett  side  and  closed  on  Medford  side  August  4. 

Coffer-dam  finished,  Medford  side,  August  18.  Cut  away,  Medford 
side,  September  25. 

Cut  away,  centre  piece,  September  26. 

Approximate  cost  of  coffer-dam  per  linear  foot,  including  all  bracing, 
to  date  (September  30),  ^  19.60. 

Excavation  acroea  Maiden  River. 

Length  completed, 229.00  feet. 

Average  depth  of  excavation  from  the  bed  of  Maiden  River  to  bottom 

of  trench, 12.70    ** 

Greatest  depth  of  excavation  from  the  bed  of  Maiden  River  to  bottom 

of  trench, 21.00    ** 

Average  width  of  trench, 9.00    " 

Greatest  depth  of  trench  below  mean  high  water,        ....         22.00    " 

Volume  of  excavation  per  linear  foot,  4.2  cubic  yards. 

Excavation  began  on  Everett  side  June  12, 1894.    Finished  July  16. 

Excavation  began  on  Medford  side  August  20.    Finished  August  24. 

Approximate  cost  per  linear  foot,  including  pumping,  to  date  (Sep- 
tember 30),  ^6.85. 

Character  of  Earth  Excavation,  —  River  mud  and  silt.    Some  sand  in  places  at 
the  bottom.    Sulphuretted  hydrogen  was  present  in  small  quantities. 

Masonry t  Maiden  River. 

Length  completed, 229.00  feet. 

Volumeofconcreteper  linear  foot  of  pipe, .31  cu.  yds. 

Approximate  cost  of  sewer  pipe  per  linear  foot,  including  crad- 
ling and  concrete,  1 11.12. 

Began  to  build  pipe  on  Everett  side  June  20 ;  finished  July  26. 

Began  to  build  pipe  on  Medford  side  August  29*,  finished  Septem- 
ber 21. 

Trenchf  Medford  Side. 

Cubic  yards  of  excavation  to  date  (September  30), 264 

Character  of  Earth  Excav<Uion.  —  Peat  and  silt. 

Total  approximate  cost  of  section,  including  coffer-dam,  trench,  ma- 
sonry, etc.,  to  date  (September  30),  ^24,400. 
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The  work  for  this  year  (ending  Sept.  30,  1894)  has  consisted 
principally  of  constructing  about  40  feet  of  sewer  and  the  pipe 
chamber  on  the  Everett  side,  and  the  concrete  pipe  siphon  under 
the  bed  of  the  river. 

All  of  the  masonry  built  in  this  section  has  rested  on  a  pile 
foundation.  That  portion  of  the  section  not  under  the  river 
bed  is  situated  on  a  marsh  about  1,400  feet  on  the  Everett  side 
and  500  feet  on  the  Medford  side  from  hard  ground.  These 
marshes  are  great  obstacles  to  getting  supplies  for  construction  to 
the  place  where  needed.  The  preparations  for  work  in  a  place 
like  this  form  a  large  part  of  the  entire  cost  of  construction. 

At  the  point  where  the  sewer  crosses  it  the  river  has  a  width  at 
high  water  of  229  feet.  Its  depth  at  mean  high  water  is  about  12 
feet.     The  average  tidal  current  is  about  1  foot  per  second. 

Construction  of  Brick  Sewer  and  Pipe  Chamber  on  Eoerett 
Side.  —  Work  began  on  May  7  by  driving  round  piles  around 
the  end  of  the  proposed  trench  in  the  river,  for  a  cofifer-dam 
made  of  4  inch  spruce  plank.  The  cofifer-dam  was  carried  to 
elevation  114.2,  or  a  little  more  than  3  feet  above  the  surface 
of  the  marsh.  The  remaining  portions  of  the  trench  were  pro- 
tected by  a  dam  built  with  the  peat  excavated  from  the  trench. 
This  had  the  same  elevation  as  the  cofifer-dam.  This  dam  was 
made  necessary  for  the  reason  that  at  high  courses  of  tides  the 
marsh  was  sometimes  flooded  to  a  depth  of  2  feet.  Excavation 
began  May  15.  The  pipe  chamber  was  built  of  Portland  cement 
concrete,  lined  with  8  inches  of  brick. 

The  surface  of  the  structure  above  the  marsh  and  towards  the 
river  was  faced  with  granite.  But  very  little  water  was  found  in 
the  trench.     The  work  here  is  practically  finished. 

Construction  of  the  Sewer  across  Maiden  River.  —  In  order  that 
the  navigation  of  the  river  should  not  be  obstructed,  it  was 
necessary  that  the  work  be  done  upon  one  side  at  a  time.  The 
cofifer-dam  was  built  out  from  the  Everett  side  for  a  length  of 
113  feet,  leaving  an  open  channel  at  high  water  of  about  112 
feet.  After  the  sewer  had  been  completed  in  this  part  of  the 
cofifer-dam,  82  feet  of  the  dam,  from  the  Everett  side,  was  cat 
away  and  the  channel  opened.  This  left  a  box-shaped  section  of 
the  cpfifer-dam  31  feet  long  in  the  middle  of  the  river.  The  cofifer- 
dam  was  then  built  from  this  centre  portion  to  the  Medford  side. 
In  each  case  where  there  was  an  exposed  end  of  the  cofifer-dam 
in  the  river  it  was  protected  by  pile  dolphins,  a  little  in  advance 
of  the  main  structure.  Water  burst  into  the  cofifer-dam  in  two 
places :  the  first,  under  the  sheeting,  was  easily  stopped  with  a 
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loss  of  bat  two  days'  time  ;  the  second,  throa^h  the  bulkhead  be- 
tween the  centre  portion  and  the  open  channel  on  the  Everett  side, 
caused  more  trouble,  as  the  water  burst  in  several  times.  The 
inflow  was  each  time  stopped  by  the  use  of  sand  bags  and  silt. 

An  '^  A  *'  frame  derrick,  running  upon  the  top  of  the  coffer-dam, 
hoisted  the  excavated  material  and  dumped  it  over  the  side  into 
the  river.  This  derrick  was  supplemented  on  the  Medford  side  by 
a  boom  rigged  on  the  pile  driver,  which  was  used  to  hoist.  The 
material  dumped  in  the  river  helped  to  make  the  coffer-dam  tight, 
and  facilitated  the  cutting  of  the  sheeting  and  the  sawing  of  the 
piles,  and  was  also  convenient  for  use  as  back-filling.  The  surplus 
material  was  removed  from  the  river  after  the  trench  was  back- 
filled. A  2  inch  Worthington  pump,  most  of  the  time  running  at 
only  about  half  its  capacity,  took  care  of  all  the  water  leaking 
into  the  trench. 

The  sewer  is  of  Portland  cement  concrete,  8  inches  thick.  The 
outer  shell  of  the  sewer  is  spruce  lagging,  laid  to  break  joints  and 
placed  in  cradles  made  on  the  pile  caps.  At  intervals  of  about  4 
feet  oak  pins  project  3  inches  from  these  lagging  strips  into  the 
concrete.  The  object  of  these  pins  is  that  any  tensile  strain  on 
the  concrete  may  be  transmitted  through  them  to  the  lagging 
strips.  At  intervals  of  1  foot  the  pipe  is  surrounded  by  oak 
hoops,  to  give  it  strength  to  resist  bursting  pressure.  To  give 
additional  lateral  strength  to  the  structure,  the  trench  was  back- 
filled with  puddled  fine  bank  gravel  to  the  height  of  about  1  foot 
above  the  springing  line  of  the  sewer.  About  all  that  now  (Sep- 
tember 80)  remains  to  be  done  is  to  cement-wash  the  inside  of  the 
siphon  and  remove  the  surplus  earth  from  the  river  on  the  Medford 
side. 

Construction  of  the  Sand-catcher  on  Medford  Side.  —  The  sheet- 
ing cut  off  from  the  coffer-dam  is  being  driven  for  the  sheeting  of 
the  trench  for  the  sand-catcher  and  for  the  trench  of  the  sewer 
beyond  to  connect  with  Section  20.  This  sheeting  will  have  to  be 
driven  for  a  length  of  about  IDS  feet.  Forty-six  feet  have  already 
been  done.  About  a  quarter  of  the  excavation  for  the  sand- 
catcher  has  been  done  to  date  (September  30) ,  and  27  foundation 
piles  have  been  driven.  The  masonry  of  the  sand-catcher  has  just 
been  begun. 


*« 
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Section  22,  West  Medford. 

Location.  —  Tbroagb  Canal  Street,  from  its  Janction  with  Prescott  Street,  and  through 
Warren  Street,  crossinf^  a  brook  near  Irving  Street,  tbenoe  crossing 
private  lands,  Irving  Street  and  private  lands  again  and  along  the 
easterly  side  of  the  Boston  &  Lowell  Railroad,  across  Orove  Street  to 
a  point  about  1,200  feet  north  of  Orove  Street,  thence  across  the  rail- 
road and  private  land  to  near  the  Mystic  <dam. 
Diameters  of  sewers  and  length  of  each  size :  — 
8  feet  4  inches  by  3  feet  6  inches,  including  bell-month  at  Ale- 
wife  Brook  branch 6,033  feet. 

2  feet  10  inches  by  3  feet  (Alewife  Brook  branch  to  Station 

0  +  22), 18    « 

4  feet  3  inches  by  4  feet  6  inches  (extension  of  Section  21  to  bell- 
month  near  beginning  of  Section  22),         .        .       .        ;       .  5    " 
Conmictor.  —  Andrew  W.  Bryne  of  West  Medford,  Mass.    Mr.  Bryne  has  acted  as 
his  own  superintendent. 


State  Assistants  {Tear  ending  Sept.  30, 1894), 

Assistant  Engineer :  Edmund  S.  Davis. 
Inspector :  Henry  M.  Woodward. 
Transltman :  Burton  A.  Clark. 

Trench  and  Tunnel. 

Length  completed  of  trench  excavation, 5,347.00  feet. 

Length  completed  of  tunnel  excavation, 686.00    " 

Average  depth  of  trench  excavation  to  bottom  of  nnderdrain,  23.00    " 

Greatest  depth  of  trench  excavation  to  bottom  of  nnderdrain,        .  31.00    " 

Average  width,  top  of  trench, 8  00    " 

Average  width,  bottom  of  trench, 6.33    " 

Average  depth  from  surface  of  ground  to  bottom  of  tunnel  nnder- 
drain,    28.00    " 

Greatest  depth  from  surface  of  ground  to  bottom  of  tunnel  nnder- 
drain,     42.00    " 

Average  width  of  tunnel  excavation, 6.50    " 

Volume  of  trench  excavation  per  linear  foot, 6.06  en.  yds. 

Volume  of  tunnel  excavation  per  linear  foot, 1.25  cu.yds. 

Approximate  cost  of  trench  per  linear  foot,  including  sheeting  left 

in,  excavation  and  refilling  below  masonry,  back-filling,  etc., 

$9. 
Approximate  cost  of  tunnel  per  linear  foot,  including  excavation 

and  refilling  below  masonry,  back-filling,  extra  excavation  on 

account  of  change  of  grade,  etc.,  ^8.50. 

Character  of  Earth  Excavation,  —  In  Canal  and  Warren  streets :  about  2  feet  of 
filling  on  the  surface,  then  a  stratum  of  sand  and  gravel  to  within  about  5  to  8  feet  of 
the  bottom,  where  fine  sand  was  found  mingled  with  someday.  The  only  exception 
to  this  was  for  a  length  of  about  128  feet  in  front  of  the  stone  yard,  where  there  was 
about  4  feet  of  clay  in  the  bottom.  Through  the  field  from  Warren  Street  to  within 
about  600  feet  of  Grove  Street :  from  8  inches  to  1}  f^et  of  soil  on  the  surface,  beneath 
which  is  coarse  sand  and  gravel,  then  fine  running  sand  in  the  lower  part  of  the  trench. 
In  some  places  this  fine  running  sand  has  clay  mingled  with  it.  The  cross-section  of 
the  earth  continues  much  the  same  to  a  point  about  500  feet  north  of  Grove  Street, 
where  coarse  sand  and  gravel  is  found  from  the  surface  to  near  the  bottom  of  the  trench. 
The  sand  gradually  grew  finer  towards  the  bottom.  This  last  cross-section  extends 
most  of  the  distance  to  near  the  Mystic  dam. 
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Mcuonry, 
Contract  prices :  — 

Brickwork,  American  cement  mortar,  per  cable  yard, $13  60 

Brickwork,  Portland  cement  mortar,  per  cabic  yard, 16  60 

Concrete,  American  cement  mortar,  per  cable  yard, 6  00 

Concrete,  Portland  cement  mortar,  per  cable  yard 7  00 

Diameters  of  anderdrain  laid  and  length  of  each  size :  — 

6  incb,    .............      1,474  feet. 

8  Inch, 3,92fi    " 

10  inch •        .        .         224   " 

Approximate  cost  of  masonry  per  linear  foot  of  trench,  indnding  ander- 
drain, cradling,  etc.,  $6. 

Approximate  cost  of  masonry  per  linear  foot  of  tannel,  inclading  ander- 
drain, etc.,  $7.40. 

Length  completed,  in  trench, 6,347  feet. 

Length  completed,  in  tannel, 686    " 

Masonry  begaa  in  trench  March  24,  1892;  finished  Dec.  9, 1893. 
Masonry  began  in  tannel  March  8, 1893 ;  finished  Dec.  4, 1893. 
Approximate  cost  of  section  per  linear  foot  of  excavation  and  masonry, 

indnding   labor,   material.   Inspection    and  miscellaneons  items, 

$16.30. 

Note.  —  The  Information  regarding  Section  22  following  this  note  relates  solely  to 
ihe  year  ending  Sept.  30, 1894.  For  a  description  of  the  work  performed  prior  to  this 
year,  see  the  fourth  and  fifth  annaal  reports. 

Ezcavaiion, 


Open  Cut. 

Tunnel. 

Number  of  headingt,       .       . 

— 

One. 

Point  of  coDtinalng  from  last  yMir's 
work. 

About  670  feet   south  of 
Orove  Street. 

150  feet  south  of  the  north- 
erly  end  of  the  tunnel 
near  Grove  Street. 

Point  pf  ending,       .... 

About  120  feet   soath  of 
Qrove  Street. 

About  120  feet  MUth  of 
Grove  Street. 

Date  of  flnishing 

Nov.  24,  1893,   . 

Nov.  27. 1803. 

Length 

548  feet,     .... 

157  feet. 

Ordinary  progress  per  week,  . 

68  feet,       .... 

30  feet. 

Appliances  used,      .... 

Trench  machine, 

Hand  derrick. 

Gang  ordloarily  employed,     . 

30  men,      .... 

II  men. 

A  6  inch  centrifugal  and  a  3  inch  Knowles  pump,  together  with 
a  No.  5  pulsometer,  were  used  in  pump- wells  and  sumps  along  the 
line  as  needed  in  order  to  keep  down  the  ground  water.  The  exca- 
vation was  carried  on  without  interruptions  of  any  kind. 

Foundation.  —  Along  the  easterly  side  of  the  railroad  to  Grove 
Street  very  fine  running  sand  mingled  with  clay  was  found  in  the 
bottom  of  the  trench.  Beginning  about  300  feet  south  of  Grove 
Street  and  running  southerly  about  362  feet,  this  fine  running 
sand  and  clay  was  excavated  to  a  depth  of  6  inches  below  the 
bottom  of  the  masonry,  and  replaced  by  screened  gravel.  Else- 
where the  bottom  of  the  trench  was  of  somewhat  coarser  sand 
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mixed  with  clay.  In  open  cut  cradling  was  used,  back-filled  with 
sand  and  gravel.  In  the  tunnels  the  brickwork  rested  on  concrete. 
Miscellaneous.  —  The  operations  were  carried  on  without  serious 
difficulties  or  accidents.  The  portion  of  the  tunnel  under  the 
easterly  abutment  of  Grove  Street  bridge  was  back-filled  with  con- 
crete over  the  arch  of  the  sewer.  Most  of  the  surplus  earth  gained 
from  the  sewer  excavation  was  hauled  away  by  the  contractor. 
On  account  of  the  earth  being  frozen,  grading  of  the  surface  along 
the  slope  of  the  railroad  cut  near  Grove  Street  was  not  done  until 
spring. 

Section  25  (Day  Work),  Charlestown. 

Location.  —  From  the  end  of  Section  24,  Maiden  bridge  caasewaj,  soutberlj  alon^ 
the  caaseway  to  site  of  pamping  station  near  the  pile  bridge;  thence 
nnder  Mystic  River,  61  feet  east  from  and  parallel  to  Maiden  bridge, 
to  Tufts'  MUl  Pond;  thence  under  Tufls'  Mill  Pond  to  a  point  266  feet 
northerly  fh>m  Arlington  Avenue,  where  connection  Is  made  with 
Section  25^. 
Length  of  section :  — 

From  end  of  Section  24  to  pumping  station 335  feet. 

At  pumping  station, 150    <* 

From  pamping  station  to  Section  25^, 1,055    " 

Total, 1,540    " 

Main  Sewer,  connecting  Section  24  and  Pumping  Station. 

Diameters  of  completed  sewer :  — 

6  feet  by  6  feet  8  inches, 174.00  feet. 

6  feet  by  7  fbet  linch, 161.00    « 

Aanstantt. 

Assistant  Engineer :  Henry  H.  Harden,  Jr. 
Transitman :  Principal  —  Frank  C.  Shepherd. 

"         Assistant  —  Charles  H.  Smith. 
Principal  Foremen :  B.  L.  Sykes,  John  Collaran. 

Trench. 

Length, 335.00  feet. 

Average  depth  of  excavation  to  bottom  of  nnderdrain, .        .        .  23.10     " 

Greatest  depth  of  excavation  to  bottom  of  underdrain,  .        .        .  2.1.80     " 

Average  width,  top  of  trench, 14.00     " 

Average  width,  bottom  of  trench 10.00     ** 

Volume  of  trench  excavation  per  linear  foot,         ....  11.30  en.  yds. 

Character  of  Excavation.  —  For  the  upper  7  feet,  filling,  sand  and  sandy  day. 
Below  this,  10  feet  of  broken  stone  and  ballast.    Sandy  silt  the  rest  of  the  way  down. 

Masonry. 

Length  completed, 333  linear  itet. 

Masonry  begun  May  1, 1894;  finished  July  21. 

ITnderdrain,  10  inches  diameter, 4  feet. 

Underdrain,  15  inches  diameter, 327     '* 

Approximate  cost  of  section  per  linear  foot  of  excavation,  pile 
foundation  and  masonry,  including  labor,  material  and  miscel- 
laneous items,  $49. 
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Exeavation, 


Opening  No.  1. 


Opening  No.  2. 


Character  of  opening, 

Date  of  starting. 

Point  of  beginning, 

Point  of  ending, 

Date  of  flnUbing, 

Length, 

Ordinary  progreaa  per  week, 

Machineeased, . 

Gang  ordinarily  employed, 


Open  trench 

March  29, 1804, 

23  feet  from  end  of  Section  24, 

Site  of  pumping  station, . 

Jane  13, 

318  feet, 

48  feet, 

Trench  machine, 

55  men 


Open  trench. 
May  81, 1804. 
End  of  Section  24. 
Openlog  No.  1. 
Jane  11. 
22  feet. 

14  feet. 
Incline. 

15  men. 


Pumping  was  done  from  a  well  located  near  the  beginning  of 
the  section.  One  9  inch  centrifugal  pump  and  one  6  inch  cen- 
trifugal pump  were  required  to  handle  the  water.  The  estimated 
greatest  rate  of  pumping  per  twenty-four  hours  is  1,440,000 
gallons. 

Foundation.  —  For  a  distance  of  264  feet,  from  1  to  3  feet  of  mate- 
rial was  excavated  from  below  the  masonry,  and  the  trench  refilled 
with  well-compacted  gravel.  The  material  removed  was  sandy  silt, 
with  some  clay.  For  the  remainder  of  its  length  (71  feet)  a  pile 
foundation  was  used.  The  soil  was  a  sandy  silt,  underlaid  by 
blue  clay.  Piles  from  15  to  20  feet  long  were  driven  in  bents,  four 
in  a  bent,  the  bents  4  feet  apart.  The  piles  were  capped  with 
8  inch  by  10  inch  spruce,  and  a  platform  of  4  inch  spruce  plank 
was  laid  on  the  caps. 

MisceUaneoua,  —  The  West  End  Street  Railway  tracks  extend 
along  the  street  here,  and  to  open  the  trench  it  became  necessary 
to  have  one  track  removed,  and  the  corporation  has  ased  one  track 
for  all  the  traffic  at  this  point. 

An  old  sea  wall  extends  along  one  side  of  the  causeway,  and,  to 
prevent  tide- water  from  following  along  this,  a  section  of  the  wall 
near  the  pile  bridge  was  taken  out  and  a  concrete  cut-off  put  in. 
After  one  section  of  sewer  had  been  built  at  the  beginning,  and  a 
cut-off  put  in  at  that  point,  the  pumps  could  keep  the  trench  clear 
of  water  at  all  times. 

Surplus  earth  was  dumped  in  Tufts'  Mill  Pond. 

Tunnel. 

Diameters  of  tannel  stmctares  and  length  of  each  size :  — 

Main  siphon,  5  feet  dicnlar 1,133  feet. 

Reducer  (6  feet  drcnlar  to  6  feet  7}  inches  by  7  feet  6^  inches),   .       .         00    ** 
Screen  chamber  (6  feet  by  9  feet), 15    '* 

In  addition  there  are  three  branches,  each  3  feet  6  inches  in  diameter  and  abont  & 
feet  long,  leading  to  the  pnmp-wells. 
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A$aittant»  {Tear  ending  Sept,  30,  1894). 

AssiBtant  Engineer:  Henry  H.  Mardcn,  Jr. 
Superintendent  of  tannel  construction :  Charles  A.  Haskin. 
Foremen :  Henry  Hertz,  John  Daffy. 

Tranaitroen:  PrincipaU— E.  Elbert  Toong,  Frank  C.  Shepherd. 
Aisif tent— Charles  H.  Smith. 


4* 


BxcavcUion  {from  Beginning  of  Work) . 


Length  completed,  feet, < 

Average  depth  from  sorface  of  ground  to  bottom  < 

of  brickwork,  feet, i 

Greateet  depth  from  surface  of  ground  to  bottom 

of  brickwork,  feet, 

Average  width  of  excnvallon,  feet. 

Volume  of  excavation  per  linear  foot,  cubic  yards. 


Reducer. 

60.00 

31.00 

37.00 
8.67 
1.09 


Five- foot 
Circular 
Sewer. 


Screen 
Chamber. 


1,133.00 

16.00 

44.00 

49.00 

AhM 

49.00 

7.00 

8.0O  • 

1.71 

3.02 

Bnncbei. 

17.00 

47.60 

48J0 
6.60 
0.01 


Character  of  Earth  Excavation.  —  Upper  11  feet  of  shaft:  miscellaneous  fllliog 
partially  decomposed ;  next,  sand ;  balance  of  shaft,  clay,  gravel  and  small  stones. 
Northerly  beading  from  shaft:  clsy  and  small  stones  for  330  feet;  clay,  stones  with 
streaks  of  sand  for  60  feet;  clay  and  stones  for  190  feet;  clay,  sand  and  river  mod 
for  30  feet ;  clay  and  sand  for  113  feet ;  all  sand  for  30  feet ;  clay  and  sand  for  47  feet; 
clay  to  end  of  tunnel,  192  feet.  Southerly  heading :  clay  and  stones,  with  occasiooal 
pockets  of  sand,  for  entire  length. 

Tunnel  Maeonry  {from  Beginning  of  Work) . 

Length  of  masonry  completed,    '. 1,198  Mu 

Tunnel  masonry  begun  July  3, 1893 ;  finished  April  9, 1894. 
Approximate  cost  of  masonry  per  linear  foot,  $25.60. 
Approximate  total  cost  of  tunnel,  including  excavation,  masonry,  shaft, 
superintendence  and  miscellaneous  Items,  $67,000. 

Note.  —  The  information  regarding  Section  23  following  this  note  relates  solely  to 
the  year  ending  Sept.  30, 1894.  For  a  description  of  the  work  performed  prior  to  this 
year,  see  the  fifth  annual  report. 


Construction.  —  The  tunnel  was  driven  from  a  shaft  located 
about  50  feet  southerly  from  retaining  wall  of  Tufts'  Mill  Pond. 
Two  drifts  were  worked ;  one,  continuing  from  the  work  of  1898 
(404  feet  northerly  from  shaft) ,  went  northerly  under  the  Mystic 
River  to  the  end  of  the  tunnel  (992  feet  from  shaft)  ;  the  second 
heading  commenced  February  26,  at  shaft,  and  ran  southerly  under 
Tufts*  Mill  Pond  to  end  of  section,  Station  15  +  42,  a  distance  of 
about  206  feet.  The  northerly  drift  was  completed  Jan.  25, 1894; 
the  southerly  drift,  April  9,  1894.  The  ordinary  progress  per 
week  in  each  heading  was  35  feet.  The  excavation  was  carried 
on  by  a  day  and  a  night  gang,  and  there  were  ordinarily  19  men 
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in  each.  The  plant  for  carrying  on  the  work  was  the  same  as 
described  last  year,  with  the  addition  of  another  Westinghouse 
dynamo,  with  a  capacity  of  66  incandescent  electric  lights,  and  a 
horizontal  boiler,  48  inches  by  19  feet. 

A  No.  5  pulsometer  sufficed  to  take  care  of  the  water  from  the 
tunnel  and  keep  the  shaft  dry. 

Beginning  at  a  point  723  feet  northerly  from  the  shaft,  the 
invert  of  the  tunnel  masonry  was  built  with  a  brick  spandrel  for  a 
distance  of  30  feet.  For  the  rest  of  the  tunnel  the  material  in  the 
bottom  was  excavated  to  fit  the  invert  of  the  masonry. 

During  work  in  the  northerly  heading  bubbles  of  air  had  been 
seen  to  freely  escape  from  the  water  above  the  tunnel.  On  the 
last  day  of  October  the  agitation  near  the  end  of  the  drift  under 
the  river  as  then  excavated  was  more  violent  than  usual,  and  two 
compressors  were  required  to  keep  up  the  air  pressure  in  the  tun- 
nel. November  1,  at  2  a.m.,  when  the  heading  had  advanced  620 
feet  from  the  shaft,  air  commenced  to  escape  freely  at  the  roof, 
allowing  the  water  to  enter.  The  men  used  their  surplus  clothing, 
together  with  small  plank,  wedges  and  mud,  endeavoring  to  stop 
the  hole  where  the  air  was  escaping,  but  were  forced  to  retreat  to 
the  lock.  At  this  time  the  water  was  knee  deep  in  the  tunnel. 
The  tunnel  filled  with  water  in  about  an  hour.  Soundings  taken 
in  the  river  the  next  morning  showed  a  crater-like  depression 
directly  over  the  heading.  It  would  appear  that  some  time  pre- 
vious a  boring  had  been  made  at  this  point,  and  when  the  air  com- 
menced to  escape  through  it  the  mud  stirred  up  by  the  escaping 
air  was  washed  away  by  the  current,  gradually  reducing  the  resist- 
ance to  the  escape  of  the  air,  and  allowing  the  water  to  enter. 
The  bed  of  the  river  was  about  6  feet  over  the  roof  of  the  tunnel 
at  this  point.  About  100  yards  of  clay  were  dumped  from  scows 
into  the  crater.  Over  this  was  spread  a  sail,  60  by  60  feet,  and 
on  the  sail  was  dumped  about  400  yards  more  of  clay. 

November  3,  3  p.m.,  compressors  were  again  started  to  force 
the  water  from  the  tunnel.  By  November  6  the  tunnel  was  entirely 
cleaned  out,  and  work  resumed. 

November  14,  at  a  point  in  the  northerly  heading  about  666  feet 
from  the  shaft,  a  human  skeleton  was  unearthed  in  the  upper  part 
of  the  tunnel. 
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Pumping  Station  and  Connections  (Day  Work)  ,  Charlestown. 

Location,  —  Tbe  Cbarlestown  pampiog  station  is  located  on  the  eaiterly  side  of  the 
Maiden  bridge  caaseway,  at  tbe  northerly  end  of  the  pile  stmctnres, 
and,  with  all  connections,  covers  an  area  150.50  feet  long  by  72  feet 
wide. 

The  Work  comprises,  —  Engine  honse  foundations,  boiler  honse  foundations,  pump- 
wells  and  engine  foundations,  chimney  foundations,  screen  man-bole,  valve  man- 
holes, connections  with  tunnel,  connections  with  main  sewer  and  sea  wall  179  feet 
long. 

Work  begun  Jan.  23, 1894,  and  is  still  (September  30)  in  progress. 

StcUe  AssietarUe. 

Assistant  Engineer:  Henry  H.  Marden,  Jr. 

Transitmen:  Principals  ~  Frank  C.  Shepherd,  E.  E.  Young. 

"  Assistants  —  C.  H.  Smith,  George  A.  Winsor. 

Foreman :  James  Long.  < 

Sub-foremen :  James  Carroll,  Matthew  Brennan,  John  Doherty. 
Foremen,  pile-driver :  Josiah  Shaw,  A.  A.  McCormack,  Douglas  Patterson. 
Foreman,  bricklayer :  Michael  Driscoll. 
Foreman,  stone-mason :  John  H.  Etridge. 
Foreman,  carpenter :  D.  W.  Wallacet 
Foreman  in  charge  of  pumps :  Robert  Craib. 

Approximate  cost  of  pumping  station  to  date  (September  30),  Including  foundations, 
sea  wall,  pump-wells,  screen  chamber,  chimney,  connections,  etc.,  $63,000. 

Sea  Wall. — Jan.  16,  1894,  a  contract  was  made  with  Alex. 
Mclnnes  of  East  Boston  for  driving  the  foundation  piles  for  the 
sea  wall  and  engine  foundations.  The  contractor  commenced  Jan. 
23,  1894,  and  finished  March  8.  The  total  amount  of  piles  driven 
under  this  contract  was  11,050  linear  feet,  at  10^  cents  per  linear 
foot,  costing  $1,100.25. 

Piles  were  driven  in  bents  of  4,  bents  2  feet  6  inches  apart  on 
centres.  Between  bents,  2  piles  on  a  batter  of  1  in  48  were  driven. 
Piles  were  cut  off  at  about  low  tide,  and  capped  with  3  inch  bj 
12  inch  spruce  timber  laid  longitudinally  with  the  wall.  On  the 
caps  was  laid  a  solid  platform  of  3  inch  spruce  plank.  The  sea 
wall  built  on  this  platform  is  10  feet  wide  at  the  bottom,  4  feet 
wide  at  the  top  and  is  16  feet  high.  It  consists  of  a  face  of 
quarry-split  granite,  backed  with  Portland  cement  concrete.  In 
the  concrete  rough  blocks  of  stone  were  bedded. 

The  wall  was  commenced  August  26,  and  is  in  process  of  construction. 

The  chimney  foundation  consists  of  granite  16  feet  square  on 
bottom  and  11  feet  10  inches  square  on  top.  It  is  built  on  49 
piles,  35  feet  long,  driven  in  7  bents,  7  piles  to  a  bent.     The  piles 
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are  2  feet  6  inches  apart  on  centres.  Tbey  are  sawed  off  at  ele- 
vation 103.13,  capped  with  6  inch  by  12  inch  spruce,  on  which  a 
platform  of  6  inch  spruce  is  laid.  The  top  of  the  chimney  founda- 
tion is  at  elevation  115.5. 

Excavation  for  chimney  began  Jane  16, 1894. 
Pile  driving  began  June  21. 
Began  laying  stone  Aagnst  1. 
Finished  laying  stone  August  13. 
Cost  of  chimney  foandatlon,  $1,466. 


Pump'toells  and  Enffine  Foundations. 

Diameter  of  excavation, 23  feet. 

Depth  of  excavation  from  top  of  coifer-dam, 61    *< 

Character  of  Excavated  Material,  —  For  19  feet  below  the  street  level,  water,  which 
was  pamped  ont.  For  19  feet  further,  sandy  silt ;  then  a  foot  of  water  bearing  coarse 
gravel.    The  last  12  feet  were  soft  blue  clay. 


PROGRXSS. 


Well  No.  1.  Well  No.  2. 


Sheeting  closed  In, . 

Began  excavation,  .... 

Began  excavation  at  elevation, 

Finished  excavation, 

Finished  excavation  at  elevation*  . 

Began  concrete 

Elevation  of  concrete,  September  30, 


Well  No. 8. 


May    5. 

April  16. 

May    9. 

April  17. 

es.oo 

08.00    . 

June  29. 

May    4. 

66.00 

65.60 

Jane  30. 

May    5. 

109.00 

109.00 

March  22. 
March  26. 

101.00 

April    16. 

65. dO 

April    17. 

116.38 


An  examination  of  the  plan  and  profile  opposite  pages  78  and 
79  will  aid  in  understanding  this  part  of  the  work. 

The  coffer-dam  for  sinking  these  wells  was  made  as  follows : 
11  piles  were  driven  in  a  circle  of  25  feet  diameter  for  each  well. 
To  these  piles,  wales,  sawed  to  fit  circle  23  feet  diameter  for  inside 
and  24  feet  diameter  for  outside  of  sheet  piling,  were  bolted.  The 
sheet  piling  was  built  up  in  lengths  of  49 j  feet,  three  thicknesses 
of  2  inch  plank  sawed  and  planed  to  uniform  width  and  thick- 
ness being  used.  The  middle  plank  laps  by  the  two  outside  ones 
to  form  a  2  inch  tongue  and  groove.  The  planks  were  fastened 
together  with  ^  inch  bolts  spaced  about  3  feet  apart.  This  sheet- 
ing did  not  prove  to  be  very  stiff,  and  was  easily  deflected  from  its 
position.  Before  driving,  the  sheeting  for  a  pit  was  set  up  to  form 
the  complete  circle.  A  pile-driver  arranged  with  overhanging  gins 
and  a  special-shaped  hammer,  set  upon  a  track  concentric  with  the 
sheeting,  was  used  for  driving.  The  sheeting  was  driven  for  the 
entire  circumference,  a  foot  or  two  at  a  time.  After  the  pits  were 
closed  in  and  the  sheeting  driven,  they  were  pumped  out  by  pul- 
someters. 


>• .' 
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The  material  excavated  from  the  pits  was  deposited  outside  of 
the  sheeting  to  help  make  the  coffer-dam.  As  excavation  inside  of 
wells  proceeded,  the  sheeting  was  braced  by  a  carved  rib  of 
two  thicknesses  of  3  inch  spruce,  sawed  to  proper  radius  and 
built  up  to  break  joints.  This  rib  was  stiffened  by  8  inch  by 
8  inch  spruce  braces.  The  ends  of  the  braces  were  fastened  by 
1  inch  iron  pins  to  the  ribs,  and  at  every  intersection  of  the  braces 
pins  were  put  in.  After  being  put  in  and  fastened  together,  there 
was  no  perceptible  distortion  of  the  frame.  In  excavating,  many 
planks  were  found  out  of  position,  some  as  much  as  2  feet  into 
the  well.  These  were  cut  off,  and  poling  plank  substituted.  In 
wells  1  and  2  water  broke  in  several  times,  and  on  well  1  tide  work 
was  necessary.  The  proximity  of  an  old  sea  wall  was  the  main 
cause,  it  being  hard  to  locate  the  point  where  water  found  an 
entrance. 

Screen  Man-hole.  —  Sheeting  was  driven  similar  to  that  on  pump- 
wells.  On  excavating  it  was  found  that  the  sheeting  was  driven 
out  of  position  so  much  that  it  was  necessary  to  cut  it  out  below 
elevation  98. 

Diameter  of  excaTation, 12  feet 

Depth  of  excavation  below  top  of  coffer-dam,     .#....       37    '* 
Sheeting  closed  In  May  28.    Excavation  began  June  9,  bat  was  suspended  until  Joij 

30.    Sheeting  cut  out  and  excavation  finished  to  top  of  tunnel  (elevation  80). 

September  30. 

Connections  with  Main  Sewer,  —  These  comprise  three  discharge 
tubes,  each  36  inches  diameter  and  36  feet  long ;  a  reducer  from  6 
feet  by  7  feet  1  inch  to  36  inches,  and  a  double  bell-mouth  at  the 
junction  of  the  main  sewer  with  the  discharge  from  pump  No.  3  and 
the  discharge  from  pump  No.  4. 

Of  these  connections,  the  bell-mouth  and  reducer  are  complete, 
and  considerable  excavation  has  been  done  on  the  trenches  for  the 
discharge  channels. 

No  work  has  been  done  on  the  connections  with  the  tunnel. 

Boiler  House  Foundations, — Only  the  west  foundation,  with 
the  north  and  south  corners,  has  been  built  thus  far.  The  west 
wall  is  directly  over  an  old  sea  wall  which  runs  along  under  the 
causeway.  This  old  wall  was  taken  out  to  about  a  foot  below  half 
tide,  and  the  foundation  wall  built  over  it.  Forty  foot  piles, 
cut  off  at  elevation  103.42,  were  driven  each  side  of  the  old  wall, 
and  10  inch  by  16  inch  hard  pine  caps  laid  on  them.  A  solid 
platform  of  3  inch  spruce  was  laid  on  the  caps,  and  on  this  the 
foundation  wall  of  concrete,  42  inches  thick  and  7  feet  high,  was 
built. 
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Engine  House  Foundations.  —  The  east  side  of  the  engine  house 
rests  on  the  sea  wall ;  the  foundation  for  the  north  wall,  now  built, 
consists  of  a  concrete  wall  on  pile  foundation.  Piles  were  driven 
in  bents  of  3  piles,  bents  2  feet  centre  to  centre,  cut  off  at 
elevation  104.5,  capped  with  3  inch  by  12  inch  spruce  lengthwise 
of  the  wall,  on  which  a  platform  of  3  inch  spruce  plank  was 
laid.  The  wall  was  built  of  Portland  cement  concrete,  7  feet 
wide  at  the  bottom,  4  feet  at  the  top  and  7  feet  high,  in  which 
large  stones  were  bedded  at  random. 

Plant,  —  The  plant  used  on  the  pumping  station  work  comprises 
two  inclines,  one  pile-driver,  one  floating  pile-driver,  two  steam 
derricks,  two  scows,  six  puisometer  pumps  and  two  6  inch  cen- 
trifugal pumps. 

Miscellaneous,  —  The  ordinary  gang  employed  was  one  hundred 
men.  August  13  the  men  struck,  and  the  difficulty  was  adjusted 
on  August  17,  when  the  men  returned  to  work. 

A  contract  for  the  building  has  been  made  with  Edward  Lynch 
&  Co.,  but  no  work  has  been  done  (September  30)  under  the  con- 
tract as  yet. 

Accident,  —  On  July  27  Patrick  McCool,  a  laborer,  fell  into  the 
pit  in  which  chimney  foundation  was  to  be  placed,  and  broke  his 
leg  at  the  hip.  He  was  taken  to  the  Massachusetts  General 
Hospital. 

Section  25 J  (Day  Work),  Charlestown. 

£oca^»on.  —  Parallel  to  Alford  Street,  through  Tufts'  Mill  Fond,  from  a  point  250 

feet  west  of  Mystic  River  to  within  about  475  feet  of  Main  Street. 
Diameters  of  sewers  and  length  of  each  size :  — 

6  feet  7  Inches  by  7  feet  5  inches,  about 320  feet. 

6  feet  6  inches  by  7  feet  2  inches,  about 265    " 

Atsittants. 

Assistant  Engineer :  Frank  I.  Capen. 

Foreman :  Patrick  McCarthy. 

Transitmen :  Principal  —  Hartley  L.  White. 

**  AssistanU  —  Harry  L.  Ward,  E.  I.  Marvell. 

Tunnel  Excavation, 

Length  completed, 586.00  feet. 

Average  depth  fh)m  surface  of  ground  to  bottom  of  tn nnel  nnderdrain,         27.30    <* 
Greatest  depth  from  surface  of  ground  to  bottom  of  tunnel  under- 

drain, 31.50    « 

Average  width  of  excavation, 10.00    " 

Cubic  yards  excavation  per  linear  foot,  6.4. 

Approximate  cost  of  tunnel  excavation  per  linear  foot,  including 
back-filling,  lighting,  etc.,  $25.60. 

Chamcter  of  Earth  Excavation,  — Two  hundred  and  fifty  feet  south  of  retaining 
wall  at  Mystic  River,  top  of  tunnel  excavation  to  4^  feet  above  water  line  of 
sewer,  hard  day;  beneath,  to  bottom  of  nnderdrain,  sand  and  gravel  with  some 
clay ;  opposite  Arlington  Avenue,  compact  clay ;  upper  end  of  section,  gravel  and  clay. 
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Brick  Masonry. 

Volume  of  brickwork  per  linear  foot, 1.06  coble  jards. 

Diameters  of  aoderdndn  laid  and  length  of  each  size :  ~ 

4  inch, 10  feet. 

6  inch, 10    " 

8  inch 528    " 

Length  of  masonry  completed, 580   " 

Masonry  begnn  Oct.  19, 1893 ;  finished  May  4, 1894. 
Approximate  cost  of  masonry  per  linear  foot,  $16. 
Approximate  cost  of  this  work  per  linear  foot,  tannel  and  masonry,  in- 
eluding  labor,  material,  etc.,  $40.00. 

Excavation^  etc.  —  A  tunnel  shaft  wf^  started  Oct.  2,  1893,  at  a 
point  about  400  feet  east  of  Main  Street  and  40  feet  south  of 
Alford  Street.  Tunnelling  from  this  shaft  was  carried  north  for  a 
•distance  of  about  585  feet.  The  date  of  finishing  was  May  4, 
1894.  The  ordinary  progress  per  week  was  about  26  feet.  The. 
work  was  carried  on  in  two  eleven-hour  shifts  per  twenty-foar 
hours,  fifteen  men  ordinarily  working  in  each  shift.  An  incline 
was  used  at  the  top  of  the  shaft,  to  which  the  material  was 
brought  by  buckets  on  trucks  running  on  rails  in  the  tunnel. 

The  pumping  for  nearly  the  whole  section  was  done  by  one  2^ 
inch  Worthington  pump,  at  a  shaft  400  feet  east  of  Main  Street. 
For  the  last  200  feet  excavated  an  additional  pump  of  the  same 
kind  was  used  at  the  man-hole  shaft  600  feet  east  of  Main  Street. 
The  line  of  the  tunnel  had  been  filled  over  with  dump  material  and 
earth  from  Section  25  tunnel  before  excavation  began.  The 
tunnelling  was  done  by  the  ordinary  timber  method,  and  the  head- 
ing was  closely  followed  by  the  brickwork. 

Foundation.  —  The  bottom  of  the  entire  tunnel  was  in  day, 
hard-pan  and  gravel,  and  this  was  excavated  to  fit  the  invert  of 
the  sewer. 

Accidents.  — Feb.  15,  1894,  water  softened  the  clay  around  the 
foot  of  the  legs  of  the  tunnel  drift,  causing  the  legs  and  the  roof 
above  to  settle  for  a  length  of  about  20  feet.  This  began  about 
320  feet  from  the  beginning  of  the  section.  In  order  to  repair  this 
settlement,  it  was  necessary  to  make  a  cut  from  the  surface  for  a 
distance  of  32  f^et.  The  additional  expense  on  account  of  this 
accident  was  approximately  $1,000. 

3Iiscellaneoics.  —  The  masonry  for  the  whole  length  of  this 
section,  except  at  the  shafts,  was  12  inch  brickwork.  The 
material  excavated  from  the  tunnel  was  used  for  additional  filling 
over  and  adjacent  to  the  line  of  the  sewer. 
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Section  27  (Contract  Work),  Somervillb  and  Cambridge. 

Location,  —  From  the  corner  of  Joy  and  Poplar  streets  to  and  across  Somervllle 
Avenae,  land  of  North  Packing  and  Provision  Company,  to  and 
through  Medford  Street  and  to  and  across  the  Fitchbnrg  RAilroad 
tracks ;  thence  by  way  of  Warren,  Cambridge  and  Portland  streets  to 
near  Binney  Street. 
Diameters  of  sewers  and  length  of  each  size :  ~ 

5  feet  9  inches  by  6  feet  6  inches, 770  feet. 

5  feet  2  Inches  by  5  feet  9  inches, 3,656   ** 

Contractor$  (ort^'na/) .  —  McOovern  &  Kltch  of  Lancaster,  Penn. 

State  AsnstofUi  {Tear  ending  Sept.  30^  1894). 

Assistant  Engineer:  Frank  I.  Capen. 
Inspectors :  John  D.  Collins,  James  E.  Coyne. 
Transltmen :  Principal  —  Hartley  L.  White. 

Assistants — Harry  L.  Ward,  Wm.  H.  Boardman,  Jr.,  Edward  I. 
Marvell. 


M 


Trench  and  Tunnel, 


Larger 
Sewer. 


Smaller 
Bewer. 


Length  oompleted  of  trench  excavation,  feet, 

Length  completed  of  lanoel  excavation,  feet, 

Averatce  depth  of  trench  excavation  to  bottom  of  nnderdrnln,  feet,  . 

Qreateat  depth  of  trench  excavaiioo  to  bottom  of  underdraln,  feet,  . 

Average  width,  top  of  trench,  feet,        ....... 

Average  width,  bottom  of  trench,  feet, 

Average  depth  from  sarface  of  ground  to  bottom  of  tnnnel  under- 
draln, feet, 

Greatest  depth  from  surface  of  ground  to  bottom  of  tunnel  under- 
draln, feet 

Average  width  of  tunnel  excavation,  feet, 

Volume  of  trench  excavation  per  linear  foot,  cubic  yards, . 

Volume  of  tunnel  excavation  per  linear  foot,  cubic  yards,  .       . 


2,520.00 

1,037.00 

22.90 

24.80 

8.80 

8.60 

85.50 

20.00 
7.00 
7.30 
2.20 


Character  of  Earth  Excavation.  —  At  Linwood  Street :  5  feet  gravel  filling,  1  foot 
of  peat,  3  feet  of  sand  and  gravel,  then  clay  to  grade ;  Medford  Street,  at  Fitchburg 
Railroad :  12  feet  of  gravel  filling,  blae  clay  to  grade ;  at  Cambridge  Street :  6  feet 
of  gravel  filling,  2  feet  of  peat,  7  feet  of  sand,  and  blae  clay  below  to  grade;  in  Port- 
land Street:  average  is  7  feet  of  gravel  filling,  7  feet  of  sand,  blue  clay  to  grade. 

Masonry. 

Diameters  of  nnderdrain  laid  and  length  of  each  size :  — 

6  inch, 1,242  feet. 

8  inch, 2,464    " 

10  inch 314   " 

12  inch 267    " 

Length  of  masonry  completed :  — 

Larger  sewer  (in  trench), 770  feet. 

Smaller  sewer  (in  trench), 2,508   '* 

Smaller  sewer  (in  tunnel), 1,048   " 

Masonry  begnn  in  trench  Jnne  29, 1892 ;  finished  Sept.  7, 1893. 
Masonry  begnn  in  tnnnel  April  12,  1893 ;  finished  Nov.  25, 1893. 

Note. — The  information  regarding  Section  27  following  this  note  relates  solely  to 
the  year  ending  Sept.  30, 1894.  For  a  description  of  the  work  performed  prior  to  this 
year,  see  the  fonrth  and  fifth  annual  reports. 
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All  the  work  described  this  year  has  been  done  by  the  Metropoli- 
tan Construction  Company,  who  were  the  lowest  bidders  in  the 
re-letting  referred  to  in  last  year's  report. 

Excavation. — The  excavation  this  year  has  been  by  two  head- 
ings from  the  tunnel  shaft  started  Sept.  1,  1893,  on  Warren  Street, 
between  Porter  and  Jefferaon  streets.  The  excavation  in  these 
headings,  respectively,  extended  250  feet  north  and  225  feet  soath 
of  the  shaft.  The  ordinary  progress  per  week  for  both  headings 
i3iggTeg&ted  25  feet.  A  mining  hoist  and  trucks  were  used  in 
removing  the  excavated  earth.  The  gang  employed  was  ordinarily 
twenty  men,  and  two  single  teams,  for  both  headings.  Excavation 
was  completed  Nov.  25,  1893.  A  3  inch  pulsometer  pump  was 
used  at  the  tunnel  shaft  to  take  care  of  the  water.  The  bottom  of 
the  trench  was  excavated  to  fit  the  invert  of  the  sewer  on  all  of 
this  year's  work.  About  250  feet  north  of  Cambridge  Street  a 
vein  of  soft  material  was  encountered  in  the  roof  of  the  tunnel. 
A  portion  of  this  material  ran  out,  and  left  a  space  over  the  roof. 
The  earth  above  settled  and  filled  the  space,  and  caused  a  settle- 
ment of  the  street  surface  about  10  feet  wide,  15  feet  long  and 
2  feet  deep.  The  surplus  earth  from  the  tunnel  was  deposited  to 
fill  low  land  along  the  line  of  the  sewer. 

Section  28,  Cambridge. 

Location.  —  From  a  point  in  Portland  Street,  about  50  feet  north  of  Binney  Street, 
through  Portland  and  Albany  streets,  across  Front  Street  and  throogb 
Albany  Street  extension  to  Warerly  Street  at  Allston  Street;  thence 
through  Waverly  Street  to  Chestnut  Street. 
Diameters  of  sewers  and  length  of  each  size :  — 
Bell-month,  5  feet  2  inches  by  5  feet  9  inches  to  4  feet  by  4  feet  6 

inches, 14  feet. 

Main  sewer,  4  feet  by  4  feet  6  inches, 6,489    '* 

Contractors.  —  John  L.  Reardon  &  Co  of  Brighton,  Mass. 

Contractors*  Stq>erintendent,  — Thomas  J.  Toung,  a  member  of  the  aboTe-mentioned 

firm. 
Contractors*  Principal  Foreman  {Tear  ending  Sept.  30, 1894),  —  James  McManu. 

State  Assistants  ( Year  ending  Sept.  30,  1894) . 

Assistant  Engineer:  Frank  I.  Capen. 
Inspectors :  Caleb  Kimball,  James  £.  Coyne. 
Transitmen :  Principal  —  Hartley  L.  White. 

**  Assistants  —  Harry  L.  Ward,  Wm.  H.  Boardman,  Jr.,  Edward  I. 

Marvell. 

Trench  and  Tunnel. 

Length  completed  of  trench  excavation 6,424.00  feet. 

Length  completed  of  tunnel  excavation, 79.00  " 

Average  depth  of  trench  excavation  to  bottom  of  underdrain,  .        .  19.20  " 

Greatest  depth  of  trench  excavation  to  bottom  of  underdrain,  .       .  23.60  " 

Average  width,  top  of  trench 8.80  " 

Average  width,  bottom  of  trench, 7  50  *' 

Depth  from  surface  of  ground  to  bottom  of  tunnel  nnderdraio,         .  28.00  " 

Average  width  of  tunnel  excavation, 7.60  " 
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Cable  yards  trench  excavatfon  per  linear  foot,  6.30. 
Gabic  yards  tunnel  excavation  per  linear  foot,  2.20. 

Approximate  co»t  of  trench  and  tunnel  per  linear  foot,  including  excavation  and 
refilling  below  masonry,  back-filling,  sheeting  left  in,  etc.,  ^7. 

CharacUr  of  Earth  ExcaveUion.  —  At  Hampshire  Street :  8  feet  of  gravel,  with 
blae  clay  below  to  grade.  Near  Main  Street  the  cross-section  of  earth  is  about 
6  feet  of  gravel,  4  feet  of  peat,  with  fine  sand  below  to  grade.  The  peat  stratum  dips 
and  the  sand  becomes  coarser,  until  at  about  500  feet  south  of  Front  Street  the  cross- 
section  is  2  feet  of  gravel,  10  feet  of  peat  and  sand  below  to  grade.  In  Waver ly 
Street :  3  feet  of  gravel,  sand  below  to  grade. 

Mtuonry. 
Contract  price :  >- 

Brickwork,  American  cement  mortar,  per  cubic  yard,       ....     $12  15 

Brickwork,  Portland  cement  mortar,  per  cubic  yard,         .       .       .       .       13  75 

Concrete,  Ameriiain  cement  mortar,  per  cubic  yard, 5  00 

Concrete,  Portland  cement  mortar,  per  cubic  yard 6  60 

Diameters  of  nnderdrain  laid  and  length  of  each  size :  — 

8  inch, 1,774  feet. 

10  Inch, 2,481    «• 

12  inch, 2,247    " 

Approximate  cost  of  masonry  per  linear  foot  of  trench  and  tunnel,  in- 
cluding nnderdrain,  etc.,  $5.60. 

Length  completed,  trench, 6,424  feet. 

Length  completed,  tunnel, 79   ** 

Masonry  begun  in  trtnch  Nov.  29, 1892 ;  finished  Dec.  26, 1893. 
Masonry  begun  in  tunnel  Sept.  28,  1893;  finished  Oct.  18,  1893. 

Approximate  cost  of  section  per  linear  foot  of  excavation  and  masonry, 
including  labor,  material,  inspection  and  miscellaneous  items,  $12.70. 

Note.  —  The  information  regarding  Section  28  following  this  note  relates  solely  to 
the  year  ending  Sept.  30, 1894.  For  a  description  of  the  work  performed  prior  to  this 
year,  see  the  fifth  annual  report. 

Excavation  and  Foundation, 


Excavation  bt  Openinqs. 

Old  Opening. 

Old  Opening. 

New  Opening. 

Character  of  opening, 

Open  cat,  . 

Tunnel, 

Open  cat. 

Namber    of    tuouel 

One,    .... 

- 

headings. 

Date  of  starting, 

May  10, 1893,     . 

Sept.  18, 1893,    . 

Nov.  20, 1893. 

Point  of  beglnnlDg,  . 

Houtherly     side     of 
Bristol     Street    at 
Portland  Street. 

Point  of  continuing 

400  feet  north  of  Front 

Centre  of  Main  Street 

• 

from     last     year's 

Street  on  Albany 

at  Portland  Street. 

work 

Street. 

Point  of  ending. 

300f  eel  south  of  Front 

Southerly     side     of 

Northerly     side    of 

Street. 

Main  Street. 

Bristol  Street. 

Date  of  finishing, 

Nov.  24,  1893,    . 

Oct.  18,  1893,      . 

Deo.  26, 1893. 

Length,      . 

775  feet, 

89  feet. 

68  feet. 

Ordinary  progress  per 

95  feet. 

20  feet, 

16  feel. 

weelc. 

Appliances  used, 

Trench   machine    at 
first,  100  feet  bv  in. 
cline,     375      feet 

Incline,      . 

Incline. 

thrown  oatby  hand. 

Oang  ordinarily  em- 

40 men,     . 

6  men,        ... 

10  men. 

ployed. 
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A  6  inch  Webber  pump  was  ased  at  Main  Street  for  taking  care 
of  the  water,  and  afterwards  was  moved  to  and  used  on  Bristol 
Street.  In  the  Bristol  Street  opening  clay  in  the  bottom  of  the 
trench  was  excavated  to  fit  the  invert  of  the  sewer.  The  tunnel 
under  Main  Street  was  through  fine  running  sand.  The  heading 
was  driven  by  using  heavy  lumber  and  3  inch  sheeting.  The 
sheeting  was  closely  driven,  and  all  interstices  were  filled  with 
marsh  hay.  Tbis  method  of  working  almost  entirely  stopped  the 
inflow  of  sand,  except  directly  at  the  heading  and  a  slight  inflow 
at  the  lower  edge  of  the  side  sheeting.  From  Main  Street  to 
about  300  feet  south  of  Front  Street  the  bottom  of  the  trench  was 
in  sand.  The  sand  removed  to  admit  of  laying  the  anderdrain 
was  replaced  by  gravel  to  a  depth  of  about  8  inches. 

Difficulties.  —  As  has  already  been  mentioned,  the  sewer  tunnel 
under  Main  Street  was  through  fine  running  sand.  Owing  to  the 
unstable  character  of  this  sand,  a  slight  settlement  occurred  over 
the  line  of  the  sewer.  The  street  trafiSc  was  stopped  altogether 
for  a  short  time,  and  there  was  a  little  further  delay  because  for  a 
while  only  one  track  of  the  street  railway  could  be  used.    Aboat 

«  

250  feet  of  the  sewer  south  of  Front  Street  was  built  through  a 
tidal  pond.  The  portion  of  the  pond  where  the  sewer  was  to  be 
built  was  separated  from  the  main  body  by  an  earthen  dyke.  The 
water  in  the  enclosed  portion  was  pumped  out  and  the  work  of 
building  the  sewer  then  proceeded.  The  top  of  the  sewer  arch  is 
here  about  3^  feet  below  the  bed  of  the  pond,  and  in  addition  to 
the  refilling  to  the  bed  of  the  pond  the  arch  is  protected  by  a  6 
foot  embankment. 

Miscellaneous,  —  The  surplus  earth  has  been  used  for  filling  low 
land  adjacent  to  the  streets  through  which  the  sewer  is  built. 


Section  29,  Cambridge. 

Location. — From  a  point  in  Waverlj  Street,  near  the  north  comer  of  Chestnat 
Street,  tbroagh  Waverly  Street,  private  way,  Granite  Street,  priTiie 
land,   River,  filackstone,   Albro  and  Ampere   streets   to  Weitera 
Avenue. 
Diameters  of  sewers  and  length  of  each  size :  — 

4  feet  by  4  fbet  6  inches 1,740  faet. 

3  feet  8  inches  by  4  feet  2  inches, 1,322    " 

3  feet  6  inches  by  4  feet, 2,095    *' 

Contractora.  —  Llndsey  &  Cudmore  of  Somerville,  Mass. 

Contractort'  Superintendent  {Tear  ending  Sept,  30,  i^P^).  — William  Liods^,  s 

member  of  the  above-mentioned  firm. 
Contractort*  Principal  Foreman  {Tear  ending  Sept,  30, 1894), —  John  Dohertj. 


\r. 
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state  Assistants  (  Tsar  ending  Sept.  30, 1 894) . 

Assistant  Engineer :  Frank  I.  Capen. 

Inspector :  Samuel  Coming. 

Transltmen :  Principals  ^  C.  Barton  Pratt,  Frank  C.  Shepherd. 

Assistants  —  Wm.  M.  Stodder,  Edward  I.  Manrell,  Harry  L.  Ward. 


<( 


Trench, 


4  feet  by 
4  feet 

6  Inches 
■ewer. 


8  feet  8 

inchea 

by  4  feet 

2  iDcbes 

sewer. 


8  feet  6 
Inches 

by  4  feet 
sewer. 


Length  completed  (feet), 

Average  depth  of  excavation  to  bottom  of  underdrain  (feet), 
Greatest  depth  of  excavation  to  bottom  of  anderdraln  (feet), 

Average  width,  top  of  trench  (feet) 

Average  width,  bottom  of  trench  (feet), 

Voiaroe  of  excavation  per  linear  foot  (cubic  yards), 
Approximate  cost  of  trench  per  linear  foot.  Including  sheet- 
ing left  in,  excavation  and  refilling  below  masonry,  back- 
filling, etc. 


1,740.00 

16.20 

21.50 

9.00 

7.00 

5.00 


$4  70 


1,322.00 

12.00 

18.20 

7.25 

7.26 

8.50 


2,005.00 

18.00 

20.00 

7.00 

5.75 

4.20 


$3  50  I       $4  80 


Character  of  Earth  Excavation.  —  For  first  2,(X)0  feet,  12  feet  of  sand  above  about 
5  feet  of  wet  gravel ;  next  900  feet,  abont  5  feet  of  peat  above  about  5  feet  of  sand, 
with  gravel  to  the  bottom  of  the  sewer ;  thence  to  a  point  about  300  feet  firom  River 
Street,  all  peat;  across  River  Street  to  Blackstone  Street,  gravel  filling  and  sand; 
Blackstone  Street  to  150  feet  from  end  of  section,  gravel  filling  on  top  of  clay ;  last 
150  feet,  all  clay. 

Masonry, 
Contract  price :  — 

Brickwork,  American  cement  mortar,  per  cubic  yard, $12  00 

Brickwork,  Portland  cement  mortar,  per  cubic  yard, 13  &0 

Concrete,  American  cement  mortar,  per  cubic  yard, ^  Ih 

Concrete,  Portland  cement  mortar,  per  cubic  yard, 6  50 

Diameters  of  underdrain  laid  and  length  of  each  size :  — 

6  inch, 298  feet. 

8  inch, 1,778    •* 

12  inch, 2,992    " 

Approximate  cost  of  masonry  per  linear  foot  of  trench,  including  underdrain,  pile 
foundation,  etc. :  — 
4  feet  by  4  feet  6  Inches  and  3  feet  8  inches  by  4  feet  2  inches  sewer,    .       .    $6  00 

3  feet  6  inches  by  4  feet  sewer, 7  60 

Length  of  masonry  completed  :  — 

4  feet  by  4  feet  6  inches  sewer, 1,740  feet. 

3  feet  8  inches  by  4  feet  2  inches  sewer 1,322    " 

3  feet  6  inches  by  4  feet  sewer, 2,095    " 

Masonry  begun  April  30, 1894 ;  finished  Feb,  13, 1894. 
Approximate  cost  of  section  per  linear  foot  of  excavation  and  masonry, 
including  labor,  material,  inspection  and  miscellaneous  items,  f  10.90. 

Note. — The  information  regarding  Section  29  following  this  note  relates  solely  to 
the  year  ending  Sept.  30, 1894.  For  a  description  of  the  work  performed  prior  to  this 
year,  see  the  fifth  annual  report. 
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Approximate  cost  of  masonry  per  linear  foot  of  trench,  including  anderdrain,  etc :  — 

Largest  sewer  and  two  smaller  sewers, $o  20 

Smallest  sewer, 5  75 

Length  of  masonry  completed :  — 

Largest  sewer 2,190  feet. 

Two  smaller  sewers, 3,032   ** 

Smallest  sewer, 1,810   " 

Masonry  began  Jane  26, 1893;  finished  Nov.  2,  1893. 

Approximate  cost  of  section  per  linear  foot  of  excavation  and  masonry, 

including  labor,  material,  inspection  and  miscellaDeous  items, 

$9.90. 

Note.  —  The  information  regarding  Section  30  foHowlng  this  note  relates  solely  to 
the  year  ending  Sept.  30,  1894.  For  a  description  of  the  worlc  performed  prior  to 
this  year,  see  the  fifth  annual  report. 

Eavaratidu 


Okl  Opening. 

Old  Opening. 

Character  of  openiDgi    . 

Open  cat,       .... 

Open  eat. 

Date  of  starting,     . 

July  3, 1803,  .... 

Aug.  22,  1803. 

Point  of  continaing  from  laat 
year's  work. 

Nearly  opposite  entrance  to 
Longfellow  Park. 

About  200  feet  eaaterly  from 
the  corner  of  Dyke  and  De- 
Wolfe  streets. 

Point  of  ending. 

Opposite  Lowell  Street,  cor- 
ner of  Mt.  Auburn  Street. 

Corner  Dyke  and  DeWolfe 
streets,  and  also  at  Eliot 
Square  (worked  in  two  di- 
rections). 

Date  of  finishing,   . 

Nov.  2, 1893 

Oct.  26, 1808. 

Length, 

941  feet, 

520  feet. 

Ordinary  progress  per  week, 

240  feet 

144  feet  by  trench  machine. 

Applianoes  used,    . 

Trench  machine,  . 

Part  done  by  trench  machine 
and  part  by  band. 

Gang  ordinarily  employed,  . 

60  men 

65nkeii. 

A  pump-well  was  made  at  the  corner  of  Dyke  and  PlymptoQ 
streets,  in  which  a  4  inch  Webber  centrifugal  pump  was  used. 
There  was  another  pump- well  at  Mt.  Auburn  Street,  nearly 
opposite  the  entrance  to  Longfellow  Park,  and  in  this  a  6  inch 
Webber  pump  was  used.  The  excavation  work  was  carried  on 
continuously. 

Foundation.  —  The  bottom  of  the  trench  was  composed  of  peat 
for  a  distance  of  about  1,090  feet  on  Mt.  Auburn  Street,  from 
150  feet  west  of  Hawthorn  Street  to  about  100  feet  west  of  Sparks 
Street.  Here  a  pile  foundation  was  used.  Piles  about  10  inches 
in  diameter  and  40  feet  long  were  driven  in  bents  4  feet  apart,  2 
piles  to  a  bent.  On  top  of  the  piles  8  inch  by  8  inch  capping  was 
placed  on  which  a  3  inch  platform  was  laid.  The  bottom  of  the 
trench  elsewhere  was  sand  and  fine  gravel,  and  the  sewer  was  built 
in  a  cradle.  The  metropolitan  sewer  passes  under  local  sewers  at 
Eliot  and  Maynard  streets,  and  over  local  sewers  at  Willard  and 
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Sparks  streets.  At  each  of  the  two  places  last  named  a  cross-sec- 
tion of  the  metropolitan  sewer  for  a  length  of  6  feet  was  changed 
to  2  foot  Akron  pipe,  with  5  foot  reducers  at  each  end.  The  pipes 
and  reducers  were  surrounded  with  concrete.  The  surplus  earth 
gained  by  the  sewer  operations  was  used  for  filling  on  adjacent 
land. 

Section  31,  Charlestown. 

Location, —  In  Bntherford  Ayenae  from  Cambridge  Street  to  Chapman  Street;  also 

from  Sullivan  Square  through  Main  Street  to  Beach  Street. 
Diameters  of  sewers  and  length  of  each  size :  — 

2  feet  5  inches  by  3  feet  1  inch, 373  feet. 

3  feet  I  inch  by  3  feet  8  inches, 2,775    *< 

2  feet  7  inches  by  3  feet  3  inches, 670    *< 

I  foot  3  inches  (vltrifled  pipe), 660    << 

Contractors.  —  Metropolitan  Constmction  Company  of  Boston,  Mass. 
Contractors'  Superintendent,  ^-Qtorg^  W.  Jadd. 
Contractors*  Principal  Foreman.  ~  Patrick  Porter. 

Staie  Assistants. 

Inspector ;  Henry  M.  Woodward. 
Transitmen :  Principal  —  Hartley  L.  White. 

*'  Assistants  —  Burton  A.  Clark,  Wm.  M.  Stodder,  Oeorge  E.  Howe, 

George  A.  Wlnsor. 

Trench  and  Tunnel. 


8  feet  6 
iDohes 

by  8  fe«t 
1  inch 
aewer. 


3  feet  I 

Inch 

by  8  feet 

8  inches 

sewer. 


Length  of  trench  completed  (feet) 

Length  of  tannel  completed  (feet), 

Average  depth  of  trench  excavation  to  bottom  of  underdraln  (feet),    . 

Greatest  depth  of  trench  excavation  to  bottom  of  underdraln  (feet),    . 

Average  width,  top  of  trench  (feet), 

Average  width,  bottom  of  trench  (feet), 

Average  depth  from  surface  of  ground  to  bottom  of  tunnel  underdraln 
(feet).         

Greatest  depth  from  surface  of  ground  to  bottom  of  tunnel  underdraln 
(feet),         

Average  width  of  tnnnel  excavation  (feet) 

Volumeof  trench  excavation  per  linear  foot  (cubic  yards),   . 

Volume  of  tunnel  excavation  per  linear  foot  (cubic  yards),   . 

Approximate  cost  of  trench  and  tunnel  per  linear  foot,  including  sheet- 
ing left  in,  excavation  and  refilling  below  masonry,  back.flUiag,  etc., 


881.00 

42.00 

27.40 

38.00 

7.00 

4.76 


81.80 


88.80 
4.50 
5.88 
1.00 

$7  00* 


1,835  00 

30.00 

23.20 

24.00 

7.00 

5.15 

24.00 

24.00 
6.00 
5.17 
1.60 

$6  45 


*  With  regulator  and  sump  man-hole. 


Character  of  Earth  £xcara^ton.  —  Rutherford  Avenue  at  Cambridge  Street:  8  feet 
of  clay  and  gravel  flllinff,  2^  feet  of  peaty  loam,  then  gravel,  yellow  clay  and  com- 
pact sand  to  grade ;  at  Boston  &  Lowell  Railroad :  8  feet  of  clay  and  gravel  fiUinfr ; 
at  Baldwin  Street:  2  feet  of  peat,  9  feet  of  gravel  and  sand,  2  feet  of  fine  blue  sand, 
then  clayey  gravel  to  grade. 
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Masonry, 
Contract  price :  — 

Brickwork,  American  cement  mortar,  per  cable  yard,      ....       $12  33 

Brickwork,  Portland  cement  mortar,  per  cubic  yard,      ....         14  2.5 

Concrete,  American  cement  mortar,  per  cable  yard,       ....  6  S6 

Concrete,  Portland  cement  mortar,  per  cable  yard, 7  86 

Diameters  of  onderdraln  laid  and  length  of  each  sixe :  — 

8  inch, 1,120  feet. 

10  Inch, 580    " 

Approximate  cost  of  masonry  per  linear  foot  of  trench  and  tannel,  incladiag  nnder- 

drain,  etc. :  -^ 

2  feet  5  inches  by  8  feet  1  inch  sewer, $5  80 

3  feet  1  inch  by  3  feet  8  inches  sewer, 6  45 

Length  completed,  trench, 1,578  feet. 

Length  completed,  tannel, 72    ■* 

Masonry  was  began  Jane  12,  1894,  and  Is  now  (September  30)  in 

progress. 
Approximate  cost  of  section  per  linear  foot  of  excayation  and 

masonry,  Inclnding  labor,  material.  Inspection  and  mlscellaneons 

Items,  to  date  (September  30),  ^12.50. 

Excavation. 


Opening  No.  1. 

Opening  Ko.  3. 

Opening  No.  3. 

Character  of  opening, 

Open  cat,  .       . 

Tunnel, 

Tannel. 

Karober  of  tannel 
headings. 

- 

One 

One. 

Date  of  starting, 

May  35, 1894,    . 

Jane  20, 1894, 

July  18, 1804. 

Point  of  beginning,    . 

Junction  of  Rather, 
ford    A  venae   and 
Cambridge  Street. 

Junction  of  Rutherford 
Avenue    and    Cam- 
bridge Street  (south- 
erly  side  of  West  End 
K.H.). 

Rutherford  Avenue, 
northerly  side  of 
Boston  &  Lowell 
R.R. 

Point  of  ending. 

42  feet  north  of  point  of 
beginning.  Joining 
bell-mouth,    Section 
26. 

Rutherford  Avenue, 
southerly  side  of 
Boston  &  Lowell 
R.R. 

Point  where  work  Is 
now  going  on. 

In  Rotherford  Ave- 
nue, 60  feet  north  of 
Middlesex  Street. 

~ 

" 

Date  of  finishing, 

In  progress  Sept.  80, 

July  10, 1804, 

July  26, 1804. 

Length,       ... 

1,648  feet,  . 

v«  l06ly    ■             «            «             • 

30  feet. 

Ordinaryprogress  per 
week. 

126  feet,     . 

30  feet 

30  feet. 

Appliances  nsed, 

Trench  machine, 

1 

"A  Frame  "derrick,  . 

Hoisting  apparatus  of 
trench  machine. 

Oang  ordinarily  em- 
ployed. 

45  men,     ... 

4  men,  •       •       •       . 

6  men. 

The  pumping  for  the  first  1,100  feet  of  this  section  was  done  by 
a  4  inch  pulsometer  at  Sallivan  Square,  and  for  the  remainder  of 
the  work  it  was  done  by  a  6  inch  centrifugal  Lawrence  pump  at  a 
well  on  Rutherford  Avenue  200  feet  north  of  Baldwin  Street. 

Foundation,  —  The  bottom  of  the  trench  consisted  of  clay  and 
gravel  for  about  400  feet  from  Cambridge  Street  to  the  Boston  & 
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Lowell  Railroad,  and  also  for  about  120  feet  on  Rutherford 
Avenue  southerly  from  a  point  about  150  feet  south  of  the  Boston 
&  Lowell  Railroad.  The  bottom  of  the  trench  at  these  places  was 
excavated  to  fit  the  invert  of  the  sewer.  The  bottom  of  the  tunnel 
excavated  under  the  Boston  &  Lowell  Freight  Railroad  was  a 
stratum  2  feet  deep  of  fine  running  sand,  and  here  3  inch  tongued 
and  grooved  sheeting  was  used  to  prevent  running  of  the  sand  and 
settlement  of  the  roof.  On  Rutherford  Avenue  from  the  Boston 
&  Lowell  Railroad  to  Essex  Street  the  bottom  of  the  trench  was 
clayey  gravel  and  fine  running  sand,  with  the  exception  of  120 
feet,  where  it  was  clay  and  gravel,  as  already  mentioned.  The 
clayey  gravel  and  fine  running  sand  was  replaced  to  the  top  of  the 
underdrain  with  about  4  inches  of  gravel. 

Miscellaneous.  —  At  the  tunnel  under  the  Boston  &  Lowell 
Freight  Railroad  the  back-filling  over  the  arch  for  a  length  of  21 
feet  was  Portland  brick  masonry,  and  for  9  feet  was  American  con- 
crete masonry.  The  curbing  and  sidewalk  for  the  entire  extent  of 
the  trench  settled  from  2  to  6  inches.  The  contractors  had  their 
choice,  subject  to  the  chief  engineer's  approval,  of  going  in  Ruther- 
ford Avenue  either  in  the  street  or  under  the  west  curbing.  The 
contractors  built  the  centre  of  sewer  6  feet  into  the  street  from 
the  west  curbing.  The  advantages  supposed  to  be  gained  by  this 
were  that  the  metropolitan  sewer  would  be  a  safe  distance  from 
the  old  local  brick  sewer  already  in  the  street,  would  avoid  the  old 
catch-basins,  and  would  also  save  moving  the  curbing  on  the  west 
side  of  the  street.  Part  of  the  surplus  material  from  the  trench 
has  been  used  for  filling  on  low  land  belonging  to  the  Boston  & 
Maine  Railroad  west  of  Rutherford  Avenue,  and  the  remainder 
has  been  used  for  filling  at  Tufts'  Mill  Pond. 


Section  32  (Contract  Work),  Charlestown. 

Location.  —  From  Cbapman  Street  at  Rutherford  Avenae,  through  private  land  by 
tunnel  to  Front  Street,  through  Front  and  Water  streeta  to  the  Navy 
Yard  at  Wapping  Street.  Work  done  directly  by  the  State  intervenes 
from  here  to  Chelsea  Street  opposite  Vine  Street,  whence  the  contract 
work  continues  in  Chelsea  Street  to  Medford  Street. 
Diameters  of  sewers  and  length  of  each  size :  — 

2  feet  7  inches  by  3  feet.3  inches, 869  feet. 

2  feet  6  inches  by  3  feet  1  inch, 1,606    ** 

2  feet  3  inches  by  3  feet, 608    *< 

2  feet  1  inch  by  2  feet  10  inches 677    " 

1  foot  7  inches  by  2  feet  4  inches, 942    *< 

Contractors.  —  Metropolitan  Construction  Company  of  Boston,  Mass. 
Contractors*  Superintendent.  —  George  W.  Judd. 
Contractors*  Prifwipal  Foreman.  —  P.  Percello. 
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St€Ue  Assistants* 

Inspectors :  John  D.  CollfnB,  Edward  A.  Clark. 
Transitmen :  Principal  —  C.  Barton  Pratt. 

"  AstistanU  —  Edward  I.  Marrell,  Thomas  H.  Wiggin,  George  F.  Clark. 


Trench  aind  TVmite/. 


2  feet  7 

iDcbea 

by  8  feet 

8  inches 

■ewer. 


2  feet  5 

inches 

by  3  feet 


2  feet  1 
inch 


3  Inches  i  10  inches 
by  3  feet ;    Mwer. 
sewers. 


Length  completed  of  trench  excavation  (feet),      • 

Length  completed  of  tunnel  excavation  (feet),      . 

Average  depth  of  trench  excavation  to  bottom  of  under- 
drain  (feet), 

Greatest  depth  of  trench  excavation  to  bottom  of  under- 
drain  (feet), 

Average  width,  top  of  trench  (feet), 

Average  width,  bottom  of  trench  (feet),       .       .       .       . 

Average  depth  from  surface  of  ground  to  bottom  of  tunnel 
underdraln  (feet), 

Greatest  depth  from  surface  of  ground  to  bottom  of  tunnel 
underdrsin  (feet) 

Average  width  of  tunnel  excavation  (feet),    .       .        .       . 

Volume  of  trench  excavation  per  linear  foot  (cubic  yards), 

Volume  of  tunnel  excavation  per  linear  foot  (cubic  yards). 

Approximate  cost  of  trench  per  linear  foot,  including  sheet- 
ing left  in,  back-flUing,  etc.,  to  date  (September  80) ,  . 

Approximate  cost  of  tunnel  excavation  per  linear  foot,  In- 
'  eluding  lumber  left  in,  back-filling,  etc.,  to  date  (Septem 
berSO), 


23.00 


16.80 
10.80 

4.40 


2.93 


$»08 


Character  of  Earth  BxcavaHon, —Front  Street  near  beginning  of  trench :  paving, 
then  sand  and  gravel  for  6^  feet,  peat,  silt  and  shells  to  1  foot  above  springing  line  of 
sewer,  then  blue  claj  mingled  with  sand  and  gravel;  about  opposite  Arrow  Street: 
hard  blue  clay  took  the  place  of  sandy  clay ;  Front  Street,  between  Arrow  and  Wal- 
ford  streets :  paving,  sand,  gravel  and  clay  to  9  feet  below  surface,  4  feet  of  peat, 
bard  bine  clay  to  grade;  opposite  the  easterly  end  of  the  Boston  &  Maine  Railroad 
freight  station :  hard  yellow  clay  took  the  place  of  the  bine  clay ;  Warren  Avenue : 
paving,  13  feet  of  sand  and  gravel,  yellow  clay  to  grade ;  Water  Street,  near  Chambers 
Street :  paving,  7  feet  sand  and  gravel  filling,  sandy  clay,  fine  sand  to  grade ;  Hndsoa 
Street  and  fiirther:  paving,  8  feet  of  sand  and  gravel,  1^  feet  of  peaty  fibrous 
material,  1  foot  of  sand  and  peat,  hard  yellow  clay  to  grade. 


Masonry. 
Contract  price :  — 
Brickwork,  American  cement  mortar,  per  cable  yard,  trench, 
Brickwork,  American  cement  mortar,  per  cable  yard,  tnnnel. 
Brickwork,  Portland  cement  mortar,  per  cubic  yard,  trench, 
Brickwork,  Portland  cement  mortar,  per  cubic  yard,  tunnel, 
Concrete,  American  cement  mortar,  per  cable  yard. 
Concrete,  Portland  cement  mortar,  per  cubic  yard,  trench,  . 
Concrete,  Portland  cement  mortar,  per  cubic  yard,  tunnel,  . 


.  $12  85 

.     15  08 

.     14  45 

,     17  08 

586 

7  86 

925 
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Diameters  of  underdraln  laid  and  length  of  each  size :  — 

6  incb, 629  feet. 

8  inch, 2,144    " 

10  inch, 102    " 

Approximate  coat  of  magoniy  per  linear  foot  of  excaratlon,  inclading  underdraln, 
etc.  :  — 
2  feet  5  inches  by  3  feet  1  inch  and  2  feet  3  inches  by  3  feet  sewer,  in  trench,    $4  30 

2  feet  1  inch  by  2  feet  10  inches  sewer,  in  trench, 1  67 

2  feet  7  inches  by  3  feet  3  inches  sewer,  in  tunnel, d  43 

Length  of  masonry  completed :  — 
2  feet  5  inches  by  3  feet  1  inch  and  2  feet  3  inches  by  3  fbet  sewer, 

in  trench, 2,214  feet. 

2  feet  I  inch  by  2  feet  10  inches  sewer,  in  trench, 23    ** 

2  feet  3  inches  by  3  feet  3  inches  sewer,  in  tnnnel, 606    ** 

Masonry  was  begun  in  trench  June  8, 1894,  and  is  now  (September  30) 

in  progress. 
Masonry  was  begun  in  tunnel  June  6, 1894,  and  is  now  (September  30) 

in  progress. 
Approximate  cost  of  section  per  linear  foot  of  excavation  and  masonry, 

including  labor,  material,  inspection  and  miscellaneous  items  to 

date  (September  30),  f  10.60. 
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FumplDg  for  the  whole  of  the  open  cat  was  done  by  a  6  inch 
Webber  centrifugal  pump  on  Front  Street.  A  2  inch  Blake  pump 
was  used  at  each  of  the  tunnel  shafts  —  Austin  Street  and  Lynde 
Street  —  for  removing  water  from  those  tunnels. 

Foundation.  —  Sandy  yellow  clay  was  found  in  the  bottom  of 
the  trench  for  a  distance  of  811  feet  in  Front  Street  from  about 
opposite  Arrow  Street  to  about  50  feet  east  of  Jenner  Street,  and 
also  for  a  distance  of  465  feet  from  near  the  west  side  of  Warren 
Avenue  through  Water  Street.  In  these  places  the  bottom  of  the 
trench  was  excavated  to  fit  the  invert  of  the  sewer.  Elsewhere 
the  bottom  of  the  excavation  was  clayey  sand  and  gravel.  Con- 
crete was  placed  between  this  and  the  brickwork  for  a  foundation. 

Difficulties,  —  The  metropolitan  sewer  was  built  under  several 
local  sewers  from  the  corner  of  Warren  Avenue  and  Front  Street 
along  Water  Street.  The  sewer  was  built  by  tunnelling  for  a 
length  of  73  feet  under  Warren  Avenue,  in  order  to  avoid  dis- 
turbing the  street  railway  tracks.  The  arch  of  the  tunnel  for  the 
lower  half  of  this  length  was  back-filled  with  solid  brickwork,  and 
the  remainder  of  the  arch  was  back-filled  with  concrete.  On  Front 
Street  near  Warren  Avenue  an  old  stone  pier  was  encountered. 
This  brought  in  water  at  every  high  tide,  flooding  the  trench.  The 
tide  was  shut  out  by  building  a  concrete  collar  on  the  arch  of  the 
sewer,  and  packing  the  side  of  the  trench  with  concrete.  After 
these  measures  were  taken  the  work  was  carried  on  at  a  satisfac- 
tory rate. 

Along  Front  Street  for  about  1,000  feet,  where  the  Boston  & 
Maine  freight  depot  is  located  on  one  side  of  the  street  and  the 
Fitchburg  Railroad  freight  depot  on  the  other,  the  street  is  crowded 
with  teams  during  a  large  portion  of  the  day,  and  some  fears 
were  expressed  that  the  sewer  could  not  be  constructed  through 
this  portion  of  the  street  without  seriously  interfering  with  the 
traflSc  to  and  from  the  depots.  To  avoid  this,  the  work  of  con- 
struction was  continued  day  and  night  and  the  opening  in  the 
street,  back  of  the  trench  machine,  was  back-filled  and  the  surface 
repaved  as  soon  as  possible.  The  work  of  repaving  had  to  be 
done  over  or  repaired  several  times,  as  the  earth  which  had  been 
disturbed  gradually  settled  back  into  place  again.  Every  precau- 
tion which  was  practicable  was  taken  not  to  discommode  the  public, 
and,  in  consequence,  the  work  caused  very  little  delay  or  incon- 
venience to  the  teams  handling  freight  at  the  depots  or  to  teams 
passing  through  the  street. 

Miscellaneous.  —  A  portion  of  the  outside  track  of  the  Fitchburg 
Bailroad  could  not  be  used  from  July  13  to  August  18,  while  the 
trench  machine  was  on  Front  Street  just  west  of  Jenner  Street, 
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and  about  800  feet  from  Warren  Ayenne.  At  the  end  of  that  time 
the  sewer  had  been  built  to  Warren  Avenue.  There  was  no  delay 
to  railroad  traffic,  as  the  company  was  able  to  take  care  of  it  all 
on  their  other  tracks.  Some  of  the  surplus  earth  gained  by  the 
sewer  operations  has  been  used  for  filling  on  low  land  of  the 
Boston  &  Maine  Railroad  near  Rutherford  Avenue.  Some  of  the 
surplus  earth  has  also  been  carted  to  Chelsea  bridge. 


Section  32  (Day  Work),  Charlestown  Navy  Yard. 

Location,  —  From  jast  oatslde  the  Wapping  Street  entnnce  to  the  Navy  Yard  to 
aboat  20  feet  Insfde  of  the  gates,  bj  tunnel ;  by  open  cot  for  150  feet 
parallel  to  the  storeboase ;  thence  through  Gun  Park  and  Shot  Park 
and  between  the  muster  house  and  sail  loft;  thence  parallel  to  the 
rope-walk  for  a  distance  of  about  250  feet ;  aud  then  turning  to  the 
left  under  the  rope-walk  bj  tunnel  to  Chelsea  Street  nearly  opposite 
Vino  Street. 
Diameters  of  sewers  and  length  of  each  size :  — 

2  feet  1  inch  by  2  feet  10  inches 1,092  feet. 

1  foot  10  inches  by  2  feet  7  inches, •       453    " 

1  foot  7  inches  by  2  feet  4  inches, 30  '  '* 


AtsUtantM. 

Foreman :  George  F.  Greenlaw. 
Transitmen :  Principal  —  C.  Barton  Pratt. 

**         Assistants  —  Edwajrd  I.  Marvell,  Thomas  H.  Wiggin,  George  P. 

Clark. 


Trench  and  TtumeL 

2  fiwt  1  tneta  br 
2  teet  10  inches 

Mwer. 

Length  completed  of  trench  excavation, 657.00  feet. 

Length  completed  of  tannel  excavation, 41.00    *' 

Average  depth  of  trench  excavation  to  bottom  of  underdrain,        .  19.20    '* 

Greatest  depth  of  trench  excavation  to  bottom  of  underdraiu,         .  21.50    *' 

Average  width,  top  of  trench, 5.50    *' 

Average  width,  bottom  of  trench, 4UM)    " 

Depth  from  surface  of  ground  to  bottom  of  tunnel  underdrain,      .  16.80   ** 

Average  width  of  tunnel  excavation, 3.30    " 

Volume  of  trench  excavation  per  linear  foot, 3.31  en.  yds. 

Volume  of  tunnel  excavation  per  linear  foot, 0.59     " 

Approximate  cost  of  trench  per  linear  foot,  including  sheeting  left  in, 

back-filling,  etc.,  to  date  (September  30),  $11.  . 
Approximate  cost  of  tunnel  excavation  per  linear  foot,  including 

lumber  left  in,  etc.,  $3.70. 

Character  of  Earth  Excavation,  —  Just  inside  the  Wapping  Street  entrance  to 
Navy  Yard :  4  inches  asphalt  paving,  2  inches  sand,  4  inches  concrete,  4  inches  sand, 
about  5^  feet  of  sand  and  gravel,  clay  to  grade ;  Just  before  entering  Gun  Park : 
paving,  sand  and  gravel  to  10  feet  below  surface,  coarse  gravel  to  grade ;  after  enter- 
ing Gun  Park :  2  feet  of  loam,  yellow  sandy  clay  to  grade ;  about  the  middle  of  the 
Gun  Park :  loam,  fine  sand  and  clay,  then  sand,  gravel  and  yellow  clay ;  entrance 
to  Shot  Park :  loam,  hard  sandy  clay  to  grade. 
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Masonry. 

Diameters  of  underdrain  laid  and  length  of  each  size :  — 

6  inch, 262  feet. 

8  inch, 425    " 

Length  of  masonry  completed :  — 

Masonry  in  trench .  619    ** 

Masonry  in  tnnnel, 41    " 

Masonry  was  began  in  trench  July  19, 1894,  and  is  now  (September  30)  in 

progress. 
Masonry  began  in  tnnnel  Aag.  1, 1894;  finished  Aag.  25, 1894. 
Approximate  cost  of  section  per  linear  foot  of  excavation  and  masonry, 

inclnding  labor,  material  and  misoellaneons  items,  to  date  (September 

30),  914.40. 

Exeavation, 


Opening  No.  1. 


Opening  No.  2. 


Character  of  opening,  . 
Nnmber  of  tnnnel  headings, 
Date  of  etarting,    . 
Point  of  beginning. 

Point  of  ending,    . 

Date  of  finishing, . 

Length, 

Ordinary  progreie  per  week. 
Appliances  need,  . 

Gang  ordinarily  employed. 


Open  cut,     . 

July  12, 1894,       . 

Just  inside  the  Wap- 
pins  Street  entrance 
to  Navy  Yard. 

In  progress  in  middle 
01  Shot  Park. 

In  progresa  Sept.  SO, . 

657  feet, 

72  feet. 

Trench  machine. 


50  men. 


Tunnel. 

One. 

Jnly  28, 1894. 

Just  inside  the  Wap. 
ping  Street  entrance 
to  Navy  Yard. 

About  17  feet  onteide 
of  Navy  Yard. 

Ang.  27, 1894. 

41  feet. 

80  feet. 

Tripod  with  one  bucket. 
Backet  hoisted  by 
horse  power. 

6  men. 


A  No.  5  palsometer  was  used  at  a  well  just  outside  of  Gun 
Park. 

Foundation.  —  At  places  as  follows  the  bottom  of  the  excava- 
tion has  been  clay  and  sandy  clay,  which  has  been  excavated  to  fit 
the  invert  of  the  sewer :  from  the  beginning  of  the  work  to  within 
about  75  feet  of  the  Gun  Park,  a  distance  of  about  205  feet,  and 
for  a  further  length  of  262  feet,  from  54  feet  beyond  the  first- 
mentioned  place  to  the  middle  of  the  Gun  Park.  For  this  inter- 
vening space  of  54  feet  the  bottom  of  the  excavation  was  coarse 
gravel.  The  sewer  was  here  built  in  a  cradle.  From  the  middle  of 
the  Gun  Park  to  the  middle  of  the  Shot  Park  the  bottom  of  the 
excavation  has  been  sandy  clay,  and  the  sewer  has  here  been  built 
with  a  concrete  foundation. 

MisceUaneoua.  —  In  building  the  sewer  through  the  Gun  Park, 
construction  had  to  be  carried  on  between  rows  of  guns  whose 
positions  allowed  but  a  limited  space  for  the  operations.  Several 
piles  of  shot  and  shell,  together  with  the  masonry  foundation  on 
which  they  rested,  had  to  be  removed  in  going  through  the  Shot 
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Park.  At  the  tannel  at  the  beginning  of  the  work  the  arch  of  the 
sewer  was  back-filled  with  concrete,  on  account  of  the  meti'opolitan 
sewer  going  under  a  local  brick  sewer  diagonally.  The  sarplos 
earth  from  the  excavation  has  been  used  to  fill  in  low  land  on 
Medford  Street. 


Section  35,  Charlestovtn,  Someryillb  and  Medford. 

Lociiiion,  —  From  Alford  Street  at  Arlington  Ayenne,  CharleBtown,  through  Arling- 
ton Arenne,  across  the  Grand  Junction  and  Boston  &  Maine  Railroad 
tracks  and  through  Moasal  Place  to  North  Union  Street;  thence 
through  private  land  to  Mjstic  ATenne  near  Austin  Street,  and  through 
Mystic  Ayenne  to  a  point  in  Medford  a  few  feet  beyond  the  Somer- 
Yille  and  Medford  line. 
Diameters  of  sewers  and  length  of  each  size :  — 

3  fleet  4  inches  by  4  feet  1  inch, 920  feet. 

3  feet  3  inches  by  3  feet  11  inches, 2,462    " 

2  feet  11  inches  by  3  f^  7  inches, 697    *< 

1  foot  10  inches  by  2  feet  3  inches, 4,291    ** 

Contractors.  —James  Heath  &  Son  of  Lynn,  Mass. 

Contractors*  St/gperintenderU.  —  John  Heath,  a  member  of  the  abOTe-mentioned  firm. 


Staie  Assistants. 

Inspectors :  M.  F.  Oarra,  Caleb  Kimball,  B.  L.  Sykes,  Paul  W.  Rowell,  John  D. 

Collins,  Burton  A.  Clark. 
Transitmen:  Principals  —  Paul  W.  Rowell,  Hartley  L.  White. 

Assistants  — Wm.  M.  Stodder,  Oeorge  E.  Howe,  Arthur  H.  Pratt, 
Burton  A.  Clark,  Oeorge  A.  Whisor,  Harry  L.  Ward. 


i< 


TVench  and  Tunnel, 


Two 
Largest 
Bewera. 


Smalktt 
Sewer. 


LeDgthof  trench  ooonpleted  (feet), 

Length  of  tunnel  completed  (feet), 

Ayerage  depth  of  trench  excavation  to  bottom  of  underdrain  (feet), 
Oreatest  depth  of  trench  excavation  to  bottom  of  nnderdndn  (feet) , 

Avenge  width,  top  of  trench  (feet), 

Average  width,  bottom  of  trench  (feet) 


Average  depth  from  sarface  of  groand  to  bottom  of  tunnel  underdrain 
(fe«t) 


Greatest  depth  from  surfMc  of  ground  to  bottom  of  tunnel  underdrain 
(feet), 


Average  width  of  tunnel  excavation  (feet) 

Volume  of  trench  excavation  per  linear  foot  (cubic  yards),    . 

Volume  of  tunnel  excavation  per  linear  foot  (cubic  yards),    . 

Approximate  cost  of  trench  per  linear  foot,  including  sheeting  left  In, 
Dack-filllog,  etc.,  to  date  (September  80) 

Approximate  cost  of  tunnel  excavation  per  linear  foot,  including  sheet- 
ing left  In,  back-fllllng,  etc.,  to  date  (September  80),   .       .       .       . 


289.00 

S,112.00 

».00 

30.00 

7.50 

6.10 


28.00 


84.50 
5.60 
7.00 
1.50 

$0  45 

685 


1,387.00 

21.50 

38.00 

4.50 

4.90 


8.80 


#2  80 
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Chmraeter  of  Earth  BxcawUion.  —  In  Arlington  ATenne :  1  fbot  of  qnarry  chipSt 
3  feet  of  grayel  filling,  claj  to  bottom  of  excayatlon ;  at  North  Union  Street  for  a 
length  of  200  feet :  compact  gravellj  daj ;  in  Mystic  Ayenae :  1  foot  of  qnarry  chips, 
clay  to  bottom  of  excayation ;  opposite  Broadway  Parle :  6  ftet  of  broken  stone 
filling,  8  feet  of  peat,  clay  below ;  opposite  Temple  Street :  1  foot  of  qnarry  chips, 
10  feet  of  clay,  ledge  below. 


Masomy, 
Contract  price :  — 

Brickwork,  American  cement  mortar,  per  cnbic  yard $14  00 

Brickwork,  Portland  cement  mortar,  per  cnbic  yard, 16  00 

Concrete,  American  cement  mortar,  per  cnbic  yard, 6  00 

Concrete,  Portland  cement  mortar,  per  cnbic  yard 7  00 

Diameters  of  nnderdrain  laid  and  length  of  each  sise :  — 

4  inch, 712  feet. 

6  inch, 1,107    " 

Approximate  cost  of  masonry  per  linear  foot  of  excayatlon,  including  nnderdrain, 
etc.,  to  date  (September  30) :  — 

3  feet  3  inches  by  3  feet  11  inches  sewer,  trench, $6  25 

1  foot  10  inches  by  2  feet  3  inches  sewer,  trench, 2  10 

3  feet  4  inches  by  4  feet  1  inch  and  3  feet  3  inches  by  3  feet  11  inches  sewers, 
tnnnel, 5  50 

Length  of  masonry  completed :  — 

3  feet  3  inches  by  3  feet  11  inches  sewer,  trench, 214  feet. 

1  foot  10  inches  by  2  feet  3  hiches  sewer,  trench, 1,286    " 

Sewer  masonry,  tnnnel 1,680    " 

Masonry  was  begnn  in  tnnnel  June  20, 1804,  and  is  now  (September  80) 

in  progress. 
Masonry  waa  begnn  in  trench  July  16, 1894,  and  is  now  (September  80) 

in  progress. 
Approximate  cost  of  section  per  linear  foot  of  excayatlon  and  masonry,  including 
labor,  material,  inspection  and  miscellaneous  items,  to  date  (September  30) :  — 

Two  largest  sewers,  trench  and  tunnel, $12  85 

Smallest  sewer,  trench, 5  15 


EaxavcUion  and  Tunnel  Methods.  — A  tunnel  shaft  was  started 
May  24  in  Arlington  Avenue,  about  200  feet  from  the  beginning 
of  the  section.  From  this  point  to  Mystic  Avenue  shafts  were 
sunk  at  each  man-hole  at  distances  of  about  250  feet  apart.  The 
tunnelling  from  these  shafts  has  aggregated  about  1,526  feet. 
July  18  two  shafts  were  sunk  in  Mystic  Avenue;  one  opposite 
Middlesex  Avenue,  and  another  about  200  feet  southerly  from 
there.  The  aggregate  length  of  the  tunnelling  done  here  has  been 
about  604  feet.  Work  is  now  (September  30)  in  progress  in  both 
of  these  tunnels.  The  bottom  of  the  tunnel  excavation  in  clay 
was  excavated  to  fit  the  invert  of  the  brick  masonry.  The  work  in 
each  tunnel  beading  has  ordinarily  been  carried  on  in  two  shifts, 
eight  men  to  a  shift.  The  average  progress  per  week  at  each 
heading  has  been  about  9  feet.  In  addition  to  the  tunnels,  there 
have  been  2  open  cuts.    One  open  cut  was  started  June  12,  at  a 
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point  about  200  feet  north  of  Austin  Street  in  Mystic  Avenue,  and 
operations  in  this  have  extended  northerly  for  about  240  feet,  and 
are  now  in  progress.  The  ordinary  progress  per  week  has  beea 
about  50  feet.  The  gang  employed  has  usually  consisted  of  35 
men.  The  other  open  cut  was  started  July  16  in  Mystic  Avenue 
opposite  Winthrop  Avenue.  Work  on  this  is  still  in  progress,  and 
operations  have  extended  a  distance  of  about  1 ,340  feet  to  near 
Temple  Street.  The  ordinary  progress  per  week  has  been  120 
feet,  with  the  same  sized  gang  as  on  the  other  open  cut.  ^^  A- 
f rame  "  steam  derricks  have  been  used  on  all  but  one  of  the  tunnel 
shafts.  On  this  a  tripod  derrick  was  operated  by  horse  power. 
Trench  machines  have  been  used  on  the  open  cut.  Water  in  the 
tunnel  has  been  usually  hoisted  out  in  the  large  buckets  for  remov- 
ing excavated  material.  At  one  tunnel  heading  on  Mystic  Avenue 
a  1  inch  ejector  was  used.  Hand  pumps  were  used  in  the  trench. 
The  tunnelling  was  carried  on  by  the  ordinary  timber  method. 
Sets  of  caps  and  legs  were  placed  about  5  feet  apart  on  centres. 
Skeleton  lagging  was  used  in  many  places,  where  the  clay  was  firm 
and  stood  well.  Usually  one  engine  did  the  hoisting  for  two  tunnel 
shafts.  This  has  been  done  by  leading  one  rope  through  a  foot 
block  and  over  rollers  on  the  ground  to  the  next  shaft. 

Foundation,  —  The  bottom  of  the  trench  has  been  clay,  which 
has  been  excavated  to  fit  the  brick  invert  of  the  sewer,  for  a 
distance  of  about  214  feet  in  Mystic  Avenue  near  Austin  Street, 
and  for  a  distance  of  about  500  feet  in  the  same  avenue  from 
Wheatland  to  Taylor  streets.  In  Mystic  Avenue  opposite  Broad- 
way Park  the  bottom  of  the  trench  was  sandy  clay,  upon  which 
American  concrete  foundation  was  built.  The  bottom  of  the 
tunnel  excavation  was  clay. 

Miscellaneous,  —  Some  of  the  surplus  earth  has  been  placed  on 
adjacent  low  land.  Some  of  the  clay  surplus  gained  in  Mystic 
Avenue  was  used  to  make  brick  in  one  of  the  neighboring  brick- 
yards. 

Section  86,  East  Boston. 

Location.^ From  a  point  In  Chelsea  Street  about  opposite  the  centre  of  Bagle 

Square,  across  Eagle  Square  to  East  Eagle  Street. 
Diameter  of  sewer  and  length :  — 

1  foot  3  inches  (yitrifled  pipe), 237  feet. 

(7on<rac^or«.  -— National  Construction  Companj  of  Boston,  Mass. 
Contractors*  Superintendent.  —  Midbael  TaUent. 
Cofitractort*  Principal  Foreman.  —  Fred  E.  Dennen. 

State  Aatietanta, 
The  State  assistants  here  were  from  near-by  contract  sections. 
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Trench  and  Pipe, 
Length  of  trench  completed, 237.00  feet. 

Length  of  pipe  laid,  \ 237.00  <* 

Ayenge  depth  of  excayation  to  bottom  of  sewer  pipe,    .       .       .  18.50  " 

Greatest  depth  of  excayation  to  bottom  of  sewer  pipe,    .               .  26.00  *< 

Ayerage  width,  top  of  trench, 2.50  ** 

Ayerage  width,  bottom  of  trench, 2.50  *< 

Yolnme  of  excayation  per  linear  foot  of  trench,                .       .  1.70  cu.  yds. 

Pipe  work  began  August  31 ;  finished  Sept.  21, 1894. 

Character  of  Earth  Excavatum.  —  Aboat  1  foot  of  crashed  stone  for  nearly  half 
the  section  and  grayel  for  the  balance ;  below  was  clay,  with  which  was  mingled  a 
little  grayel. 

Masonry  {Man-holet). 
Contract  price :  — 

Brickwork,  American  cement  mortar,  per  cable  yard,             .       .       .  |13  00 

Brickwork  and  granite-work,  Portland  cement  mortar,  per  cubic  yard,  21  00 

Concrete,  American  cement  mortar,  per  cubic  yard,       ....  5  00 

Concrete,  Portland  cement  mortar,  per  cubic  yard 6  00 

Number  of  man-holes  built,  2. 

Approximate  cost  per  man-hole,  1 127.60. 

Approximate  cost  of  section  per  linear  foot  of  trench  and  pipe  (with  man- 
holes), including  labor,  material,  inspection,  and  miscellaneous  items, 
95.10. 

The  excavating  was  done  by  open  cut,  from  which  the  earth  was 
thrown  by  hand.  Digging  began  Aug.  25,  1894,  at  the  beginning 
of  the  section,  at  a  point  in  Chelsea  Street  about  opposite  the 
centre  of  Eagle  Square,  and  ended  Sept.  29,  1894,  at  the  end  of 
the  section,  at  East  Eagle  Street.  The  gang  ordinarily  employed 
consisted  of  15  men.  Excavation  progressed  at  the  rate  of  59 
feet  per  day.  The  only  water  encountered  was  for  a  few  feet  next 
to  the  Section  37  sewer,  where  some  had  collected  in  the  tunnel 
drift  of  that  section.  The  bottom  of  the  trench  was  composed  of 
clay,  which  for  almost  the  entire  length  was  of  such  quality  that  it 
was  excavated  to  fit  the  invert  of  the  sewer  pipe.  The  surplus 
earth  was  mounded  over  the  trench. 

Section  87,  East  Boston. 

Location.  —  From  a  point  in  Chelsea  Street,  about  200  feet  from  Chelsea  Creek  bridge, 
to  Prescott  Street,  and  in  that  and  Bremen  Street  to  a  point  about  300 
feet  beyond  Brooks  Street. 
Diameters  of  sewers  and  length  of  each  size :  — 

3  feet  4  inches  by  3  feet  9  inches, 467  feet. 

3  feet  by  8  feet  5  inches 4,396    ** 

Bell-month 19    «* 

Contractor,  ^  John  Sheehan  of  Lynn,  Mass. 

Contractor's  Principal  Foremen  ( Tear  ending  Sept,  30,  i 594).  —  Trench :  Jeremiah 
Barry.    Tunnel :  J.  N.  Reesby,  Peter  Hill. 

State  Assistants  {Tear  ending  Sept,  30, 1894), 

Assistant  Engineer:  Seth  Peterson. 

Inspector :  J.  J.  Conway. 

Transitmen:  Principals  —  George  R.  Win  slow,  Thomas  T.  Cass. 

<•  Assistants  —  Thomas  T.  Cass,  Oeorge  F.  Clark,  Rolfe  M.  EUis. 
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TVeneh  and  Tunnel, 


Larger 
Bewer. 


Bonlkr 
Sewer. 


L«ngtheompletedof  trench  excavation  (feet), 

Length  completed  of  tunnel  ezoayatlon  (feet) 

Average  depth  of  trench  excavation  to  bottom  of  nnderdrain  (feet),    . 
Greatest  depth  of  trench  excavation  to  bottom  of  nnderdrain  (feet),    . 

Average  width,  top  of  trench  (feet), 

Average  width,  bottom  of  trench  (feet), 

Averege  depth  from  surface  of  ground  to  bottom  of  tunnel  underdrain 

(feet),        

Greatest  depth  from  surface  of  ground  to  bottom  of  tunnel  underdrain 

(feet) 

Average  width  of  tunnel  excavation  (feet) 

Volume  of  trench  excavation  per  linear  foot  (cubic  yards),  . 
Volume  of  tunnel  excavation  per  linear  foot  (cubic  yards),  . 
Approximate  cost  of  trench  per  linear  foot,  including  sheeting  left  in, 

back-filling,  etc.,  to  date  (September  30), 

Approximate  cost  of  tunnel  excavation  per  linear  foot,  including  Urn- 

ber  left  in,  etc.,  to  date  (September  30) 


288.00 

179.00 

80.00 

31.00 

8.00 

6.80 


30.00 


31.00 
4.70 
8.80 
1.20 

$6  05 

0  25 


1,771.00 

1,160.00 

98.S0 

SS.00 

S.00 

y» 
si.oo 

• 

34.00 
1.00 
7.00 
1.40 

|«7S 

5S0 


Character  of  Earth  Excavation.  -^  Beginning  of  section  to  comer  of  Prescott  ud 
Bremen  streets :  excavation  was  by  tnnnel  through  clay,  with  the  exception  that  for 
about  700  feet  at  Cnrtis  Street  the  excavation  was  by  open  cnt,  in  which  thexe  ww 
sand  and  gravel  to  grade ;  in  Bremen  Street  south  of  Prescott  Street :  tbe  clay  grad- 
ually went  lower,  and  instead,  fine,  wet  sand  with  traces  of  clay  was  found ;  at  Pat- 
nam  Street :  9J  fbet  fllliag  of  mingled  clay  and  gravel,  5  feet  of  peat,  2  feet  of  sand, 
clay  below ;  at  Brooks  Street :  9  feet  of  filling  of  mingled  day  and  gravel,  6  feet  of 

peat,  sand  below. 

Masonry. 
Contract  price:— 

Brickwork,  American  cement  mortar,  per  cubic  yard, 912  90 

Brickwork,  Portland  cement  mortar,  per  cubic  yard, 15  00 

Concrete,  American  cement  mortar,  per  cubic  yard, 5  50 

Concrete,  Portland  cement  mortar,  per  cubic  yard 6  50 

Diameters  of  underdrain  laid  and  length  of  each  size :  — 

6  inch, 2,577  feet 

8  inch 1,388    « 

10  inch, 107    " 

12  inch, 212    " 

Approximate  cost  of  masonry  per  linear  foot  of  trench  and  tunnel,  in- 
cluding underdrain,  etc.,  to  date  (September  30),  $5.20. 
Length  of  masonry  completed :  ~~ 

Trench  (including bell-mouths), 2,057  feet 

Tunnel, 2,788    " 

Masonry  was  begun  in  tunnel  March  27,  1898,  and  is  now  (September 

30)  in  progress. 
Masonry  was  begun  in  trench  July  27, 1893,  and  is  now  (September  30) 

in  progress. 
Approximate  cost  of  section  per  linear  foot  of  excavation  and  masonry, 
including  labor,  material,  inspection  and  miscellaneous  items  to  date 
(September  30),  $11.70. 
Note.  — The  information  regarding  Section  37  following  this  note  relates  solely  to 
tbe  year  ending  Sept.  30, 1894.    For  a  description  of  tbe  work  performed  prior  to  this 
year,  see  tbe  fifth  annual  report. 
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The  ground  water  in  the  open  cats  was  handled  by  a  6  inch 
centrifugal  pump.  This  was  employed  at  the  following  points: 
about  300  feet  south  of  Curtis  Street,  about  150  feet  south 
of  Prescott  Street  on  Bremen  Street,  and  at  a  point  about  150  feet 
south  of  Putnam  Street.  In  the  tunnel-shafts  pulsometers  were 
used,  but  there  was  very  little  more  water  than  could  have  been 
removed  with  hand  pumps.  There  have  been  several  shut  downs, 
each  lasting  three  or  four  days.  The  alleged  cause  was  tardiness 
in  paying  wages.  The  work  is  now  (September  30)  stopped, 
partly  on  account  of  the  trench  on  Bremen  Street  near  Brooks 
Street  being  flooded  by  tide  water,  and  probably  partly  on  account 
of  the  contractor's  financial  embarrassment. 

FoundcUion.  —  The  bottom  of  the  excavation  was  made  to  fit 
the  invert  of  the  sewer  as  follows:  from  the  beginning  of  the 
section  to  the  corner  of  Prescott  and  Bremen  streets  (with  the 
exception  of  about  700  feet  near  Curtis  Street,  about  100  feet  in 
Eagle  Square  and  about  73  feet  near  Bennington  Street),  and  for 
about  90  feet  in  Bremen  Street  between  Prescott  and  Putnam 
streets.  Where  the  bottom  of  the  excavation  was  made  to  fit  the 
invert  of  the  sewer  the  material  was  clay,  mixed  in  some  cases 
with  gravel  or  sand.  Referring  to  the  exceptions  given  above, 
the  bottom  of  the  excavation  for  the  700  foot  length  near  Curtis 
Street  was  of  comparatively  unstable  sand  and  gravel,  upon  which 
was  placed  a  concrete  foundation.  At  the  other  exceptions,  and 
for  nearly  the  whole  length  of  Bremen  Street,  the  bottom  of  the 
excavation  was  wet  sand  and  clay.  This  was  removed  to  an 
average  depth  of  about  8  inches  below  the  bottom  of  the  masonry, 
and  replaced  by  well-compacted  gravel. 

Difficulties.  —  About   100   feet  of  the  tunnel  drift   in    Eagle 
Square,  73   feet  in  Bennington   Street  and  150  feet  in  Bremen 
Street,  settled  badly  on  account  of  water  being  allowed  to  rise  in 
the  excavation  and  soften  the  sand  about  the  foot-plates.    At 
Eagle  Square  and  Bennington  Street  nearly  all  of  the  tunnel  drift 
was  driven  a  second  time  before  any  masonry  whatever  was  pat  in. 
When  the  masonry  was  put  in,  it  was  thought  prudent  to  make  it 
heavier  than  usual,  in  consequence  of  this  settlement.     In  some 
places  the  space  to  the  lagging  was  filled,  while  in  other  places, 
where  the  settlement  was  not  so  great,  only  6  inches  or  so  of 
concrete  was  added.     Near  the  end  of  the  section,  or  about  250 
feet  south  of  Brooks  Street,  the  city  sewer  outlet,  4  feet  by  4  feet, 
crosses  the  line  of  the  metropolitan  sewer.     The  contractor  has 
attempted  to  tunnel  under  this,  but  has  so  far  been  unsuccessfal 
on  account  of  the  large  amount  of  tide  water  coming  through  and 
around  the  old  outlet. 
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Accidents.  —  Bartholomew  Barke  was  badly  injured  January  13 
by  falling  from  a  mast  while  he  was  taking  down  a  derrick. 

Miscellaneo7i8,  —  The  surplus  earth  gained  by  the  sewer  opera- 
tions has  been  used  in  filling  adjacent  low  land. 


Section  37J  (Day  Work),  East  Boston. 

Location,^ From  a  man-hole  abont  200  feet  soath  of  Old  Chelsea   bridge  on 
Chelsea  Street,  and  running  In  an  easterly  direction  to  pumping 
station. 
Diameters  of  sewers  and  length  of  each  size :  — 
8  feet  4  inches  by  3  feet  9  inches  sewer  (tnnnel),    ....       265  feet. 
Regulator  and  sump, 21    " 


Assistant  Engineer:  Henry  H.  Harden,  Jr. 
Principal  Foreman :  Daniel  Hogan. 
Transltman :  Charles  Kincaid. 

Excavatum. 

Length  of  tnnnel  completed, 255.00  feet. 

Depth  firom  surface  of  ground  to  bottom  of  tunnel  masonry,  .   28.00    *< 

ATerage  width  of  tunnel  excavation, 6.00    '* 

Volume  of  tunnel  excavation  per  linear  foot, 1.33  cu.  yds. 

Total  cubic  yards  of  excavation  for  sump  and  regulator,  860. 

Approximate  cost  of  tunnel  excavation  per  linear  foot,  |7.25. 
Approximate  cost  of  excavation  for  sump  and  regulator  p^r  cubic 
yard,  92.05. 

Character  of  Earth  Excavation.  —  Compact  clay  and  stones. 


Masonry, 

Length  of  tunnel  masonry  completed, 256  ftet. 

Volume  of  masonry  for  sump  and  regulator :  — 

Concrete,  Portland  cement  mortar, 18  cubic  yards. 

Brickwork,  Portland  cement  mortar, 26     «         " 

Approximate  cost  of  tunnel  masonry  per  linear  foot,       ....  98  25 
Approximate  cost  of  masonry  for  sump  and  regulator,  per  cubic  yard :  — 

Concrete, 8  26 

Brickwork 18  50 

Masonry  begun  in  tunnel  June  29, 1894 ;  finished  in  tunnel  Aug.  9, 1894 ; 

regulator,  etc.,  finished  Sept.  21, 1894. 
Approximate  cost  of  section  per  linear  foor  of  excavation  and  masonry, 

including  labor,  material  and  miscellaneous  items,  $19.40. 

Construction. — A  shaft  was  started  May  7,  1894.  This  ex- 
tended lengthwise  of  the  section  easterly  for  23  feet  from  a  point 
about  43  feet  easterly  from  the  beginning  of  the  section,  and  had 
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a  width  of  12  feet.  It  was  sunk  to  a  depth  of  30  feet.  The 
bottom  was  reached  May  25.  Later  a  regalator  and  samp  were 
built  in  this  excavation,  but  its  first  use  was  as  a  base  of  opera- 
tions for  two  tunnel  headings.  The  easterly  heading  was  begun 
May  25,  and  on  June  28  the  drift  had  been  carried  for  about  210 
feet  to  the  end  of  the  section..  The  westerly  heading  was  also 
begun  May  25,  and  this  drift  worked  back  to  the  beginning  of  the 
section,  a  distance  of  43  feet.  This  westerly  drift  was  finished 
August  1.  It  was  not  worked  continuously,  but  was  held  in 
reserve  as  a  place  from  which  to  get  back-filling  for  use  in  the 
easterly  heading,  and  also  to  provide  a  place  for  the  men  to  work 
when  the  easterly  heading  was  not  in  condition  to  employ  the 
whole  gang  to  advantage.  The  ordinary  progress  of  excavation 
per  week  in  the  easterly  heading  was  about  50  feet.  An  incline 
was  used  for  hoisting  out  the  excavated  material.  Twelve  men 
ordinarily  worked  in  sinking  the  shaft.  In  each  tunnel  heading 
the  excavation  was  carried  on  in  two  shifts  per  twenty-four  hours, 
6  men  in  each  shift.  The  surplus  material  gained  in  excavation 
was  used  for  filling  on  the  metropolitan  sewerage  stock-yard  lot. 

Clay  and  stones  were  found  in  the  bottom  of  all  this  excavation. 
The  bottom  was  excavated  to  fit  the  invert  of  the  sewer. 

Some  difficulty  with  water  was  experienced  while  connecting  the 
masonry  with  that  of  Section  37. 


Section  38,  East  Boston. 

Locaihn. ^From  a  point  in  Bremen  Street,  aboot  300  feet  south  of  Broolcs  Street, 
tbrongh  Bremen,  Decatnr,  Orleans,  Maverick  and  JeffHes  streets  to 
Snmner  Street ;  also  a  branch  from  comer  of  Maverick  and  Orleaoi 
streets,  tbrongh  Orleans  and  Marginal  streets  to  about  800  feet  beyond 
Cottage  Street. 
Diameters  of  sewers  and  length  of  each  size :  — 

3  feet  bj  8  feet  5  inches 1,025  feet. 

2  feet  circular  (vitrified  pipe), 46    " 

1  foot  6  inches  (vitrified  pipe) 1,519   " 

1  foot  3  inches  (vitrified  pipe), 4,307    *< 

1  foot  (vitrified  pipe), 1,332    " 

Contractors,  —  James  Heath  &  Son  of  Lynn,  Mass.    Mr.  James  Heath  has  acted  as 

his  own  soperintendent. 
Contractors*  Principal  Foremen.  —  Michael  Stapleton,  Peter  Dolan. 


State  Aesistante. 

Assistant  Engineer :  Seth  Peterson. 
Inspectors :  George  A.  Chase,  L.  M.  S.  Horton. 
Transitmen:  Principal— Thomas  T.  Cass. 

*<  Assistants  —  George  F.  Clark,  Rolfe  M.  Ellis,  David  H.  Winslow. 
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TVench. 


3  Feet  by 
8  Feet 

6 Inehee 
Sewer. 


2  Feet 

Pipe 

Sewer. 


1  Foot  6 

Inches 

Pipe 

Sewer. 


15  Inch 

Pipe 
Sewer. 


Length  eompleted  (feet)» 

Average  depth  of  ezearatlon  to  bottom  of  gT»Tel 

refilling  (feet), 

Greatest  depth  of  ezeavation  to  bottom  of  gravel 

refilling  (feet), 

Average  width,  top  of  trench  (feet), 
Average  width,  bottom  of  trench  (feet), 
Volnme  of  excavation  per  linear  foot  (cubic 

y«rd«). 

Approximate  coat  of  trench  per  linear  foot,  in- 

clndlng  sheeting  left  in,  excavation  and  refilling 

below  masonry,  back-filling,  etc.,  to  date  (Sept. 

80,1894) 


1,025.00 
24.00 


25.00 
7.10 
5.60 


5.80 


$6.80 


46.00 

21.00 

21.00 
5.20 
4.60 

8.00 


♦T.lOf 


i>2S.OO 

20.00 

25.00 
5.00 
4.40 

8.60 


$*.50f 


87.00 

18.00 

10.50 
4.30 
8.50 

2.80 


$*.40t 


*  Sarronnded  with  concrete.  t  Including  pipe. 

Character  of  Earth  Bxcavatum.  —  Beginning  of  section  (in  Bremen  Street,  about 

300  feet  sooth  of  Brooks  Street) :  9  feet  of  clay  and  gravel  filling,  then  4  feet  of  peat, 

8  feet  of  dry  sand,  wet  sand  to  grade,  so  fine  that  89  per  cent,  went  through  a  sieve 

having  10,000  meshes  to  the  square  Inch,  and  25  per  cent,  went  through  one  having 

32,400  meshes  to  the  square  inch.    This  formation  has  extended  for  practically  the 

entire  length  of  the  work  done  on  Bremen  Street  to  150  feet  south  of  Porter  Street; 

comer  of  Decatur  and  Orleans  streets :  5  feet  of  clay  and  gravel  filling,  2  feet  of  clay, 

6  feet  of  peat,  clay  to  grade ;  comer  of  Decatur  and  Maverick  streets :  8  feet  of  clay 

and  gravel  filling,  2^  feet  of  peat,  fine  sand,  mixed  with  clay,  below.    These  last  two 

formations  merged  into  each  other  about  200  feet  south  of  the  corner  of  Orleans  and 

Decatur  streets. 

Masonry, 
Contract  price :  — 

Brickwork,  American  cement  mortar,  per  cubic  yard, 913  50 

Brickwork,  Portland  cement  mortar,  per  cubic  yard, 15  60 

Concrete,  American  cement  mortar,  per  cubic  yard, 6  00 

Concrete,  Portland  cement  mortar,  per  cubic  yard, 7  00 

Diameters  of  underdrain  laid  and  length  of  each  size:  — 

6  inch, 94  feet. 

8  inch, 326    " 

10  inch 624    " 

Length  of  masonry  completed, 1,025    <* 

Masonry  was  begun  June  11, 1894;  finished  August  11. 
Approximate  cost  of  masonry  per  linear  foot  of  trench,  including  under- 
drain, etc.,  to  date  (Sept.  30,  1894),  $5.70. 

Pipe. 

Contract  price  (including  excavation,  pipe  and  laying,  etc.)  :  — 

1  foot  6  Inches  vitrified  pipe,  per  linear  foot, $3  24 

1  foot  3  inches  and  I  foot  vitrified  pipe,  per  linear  foot,        .  .  .      2  57 

Diameters  of  underdrain  laid  and  length  of  each  size :  — 

6  inch, 475  feet. 

8  inch, 243    " 

10  Inch, 129    " 

Length  of  sewer  pipe  laid, 847    " 
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Pipe  laying  began  Aug.  16, 1894,  and  Is  now  (September  30)  in  progress. 

One  masonry  man-bole  bas  been  bnllton  the  pipe  sewer  at  a  cost  of  about  $114. 

Approximate  cost  of  section  per  linear  foot  of  excavation,  masonry  and  pipe,  indad* 
Ing  labor,  material,  inspection  and  misoellaneoas  items  to  date  (September  30) :  — 

Masonry  sewer, $12  60 

Pipe  sewer, 5  40 


Excavation, 


Opening  No.  1. 

Opening  No.  2. 

Charmeter  of  opening, 

.       • 

Open  ent,       .... 

Open  cat. 

Date  of  Btarting,     . 

•       • 

May  21, 1804 

Aug.  90, 18M. 

Point  of  beginning, 

■       • 

Bremen    Street,   abont  800 
feet  aoitth  of  Urooka  Street. 

Jnat  eaat  of  railroad  tracks 
on  Decatnr  Street. 

Point  reached, 

•       • 

In  progreaa  (September  80) 
160  feet  Bonth  of  Porter 
Street. 

In  progreaa  (September  90) 
comer  of  Orleans  uid 
Maverick  atreeta. 

Length,    ... 

■       • 

1,254  feet 

817  feet. 

Ordinary  progreM  per 

week. 

96  feet, 

144  feet. 

Appliances  naed,    . 

•               • 

Trench  machine,    . 

Trench  machine. 

Oang  ordinarily  employed  in 
excavation. 

82  men 

28  men. 

The  ground  water  has  been  kept  in  check  by  a  6  inch  cen- 
trifugal pump  at  the  corner  of  Marion  and  Bremen  streets,  and 
another  at  the  corner  of  Decatur  and  Orleans  streets.  Excavation 
on  Opening  No.  1  ceased  from  August  29  to  September  18.  The 
contractors  at  first  decided  to  give  up  work  there,  on  account  of 
various  difficulties,  but  finally  started  again. 

Foundation.  —  The  bottom  of  the  trench  in  Bremen  Street  has 
been  in  fine,  wet  sand,  and  the  same  has  been  the  case  for  a  length 
of  about  300  feet,  extending  north  from  Maverick  Street,  in  Orleans 
Street.  In  each  instance  the  bottom  has  been  excavated  to  a 
depth  of  about  1  foot  below  grade,  and  refilled  with  gravel.  Else- 
where the  bottom  of  the  trench  has  been  clay,  and  it  has  either 
been  excavated  to  fit  the  invert  of  the  sewer  pipe,  or  enough  fine 
material  has  been  put  around  the  pipe  to  secure  an  even  bearing. 

Miscdlaneous,  —  In  building  the  metropolitan  sewer  under  the 
gate  chamber  of  the  city  sewer  at  Porter  Street  a  temporary  con- 
nection for  the  sewage  broke  and  caused  a  fiooding  of  the  trench. 
The  connection  was  repaired  in  about  three  days,  and  then  the 
sewage  was  pumped  from  the  trench.  The  trench  under  this  gate 
chamber  was  back-filled  with  concrete,  in  order  that  there  should 
be  no  settlement.  The  city  sewer  in  Bremen  Street,  from  the 
beginning  of  the  section  to  Porter  Street,  was  cracked  somewhat 
by  the  movement  of  the  ground  toward  the  trench.  The  surplus 
material  from  the  trench  has  been  used  for  filling  adjacent  low 
lands. 
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Section  39  (Contract  Work),  East  Boston. 

Location,  —  From  the  soatherly  side  of  Central  Square,  through  Border  and  Condor 
streets  to  Meridian  Street,  with  branch  from  Central  Square  through 
Border,  Maverick  and  New  streets  to  Snmner  Street. 
Diameters  of  sewers  and  length  of  each  size :  — 

1  foot  3  inches  (yitrifled  pipe), 2,000  itet. 

1  foot  (vitrified  pipe), 3,189    *• 

Contraeton.  —  Metropolitan  Construction  Company  of  Boston,  Mass. 
ContrMiort*  Superintendeni.  —  George  W.  Jndd. 
CorUraetora*  PrincipaU  Foreman.  —  John  Colleran. 

State  Aanstants. 

Assistant  Engineer :  Seth  Peterson. 
Inspector :  L.  M.  S.  Horton. 

Transitmen :  Principals  —  George  R.  Winslow,  Edward  S.  Foster. 
**  Assistants  —  George  F.  Chase,  David  H.  Winslow. 

Trench  and  Pipe, 

Length  of  trench  completed, 2,524.00  feet. 

Length  of  pipe  laid 2,010.00    " 

Average  depth  of  trench  excavation  to  bottom  of  underdrain, .       .  14.60    '< 

Greatest  depth  of  trench  excavation  to  bottom  of  underdrain, .       .  21.00    ** 

Average  width,  top  of  trench, 3.90    ** 

Average  width,  bottom  of  trench 3.10    ** 

Cubic  yards  trench  excavation  per  linear  foot,  1.9. 
Diameters  of  underdrain  laid  and  length  of  each  sise :  — 

6  inch, 290  feet. 

8  inch, 2,008    " 

Approximate  cost  of  trench  and  pipe  per  linear  foot,  including  sheeting 
left  in,  excavation  and  refilling  below  masonry,  back-filling,  etc.,  to 
date  (September  30),  $3.90. 

Pipe  laying  began  June  19, 1894,  and  is  now  (September  30)  in  progress. 

Character  of  Earth  Excavation,  —  South-west  side  of  Central  Square :  paving,  6 
feet  of  clay  and  gravel  filling,  8  feet  of  peat,  3  feet  of  sand,  day  below ;  about  160 
feet  south  of  I^exington  Street :  paving,  2  feet  of  sand  and  gravel  filling,  coarse  sand 
below.  These  two  formations  merge  into  each  other  about  at  the  junction  of  Border 
Street  and  Central  Square.  At  Eutaw  Street :  paving,  6  feet  of  gravel  filling,  below, 
sand  and  gravel,  mingled  with  clay.  This  formation  and  the  formation  160  feet 
south  of  Lexington  Street  merge  about  200  feet  north  of  Lexington  Street.  Five 
hundred  feet  north  of  Eutaw  Street  (where  excavation  is  now  —  September  80  — 
going  on) :  paving,  1  foot  of  gravel  filling,  —  below,  clay,  gravel  and  boulders.  This 
formation  and  the  one  at  Eutaw  Street  merge  about  400  feet  north  of  Eutaw  Street. 
Falcon  Street  to  Meridian  Street :  paving,  clay  and  graTel  filling  to  bottom  of  trench. 

Masonry  {Man-holea), 
Contract  price :  — 

Brickwork,  American  cement  mortar,  per  cubic  yard, $12  79 

Brickwork,  Portland  cement  mortar,  per  cubic  yard, 14  50 

Concrete,  American  cement  mortar,  per  cubic  yard 6  60 

Concrete,  Portland  cement  mortar,  per  cubic  yard, 7  00 

Number  of  man-holes  built,  16. 

Approximate  cost  per  man-hole,  $64.40. 

Approximate  cost  of  section  per  linear  foot  of  trench  and  pipe  (with  man- 
holes). Including  labor,  material,  inspection  and  miscellaneous  items,  to 
date  (September  30),  $4.66. 


110 


METROPOLITAN  SEWERAGE. 


[Jan. 


Openlog  No.  1. 


OpenlBf  Ko.  2. 


Ohaneter  of  openiof , 
Date  of  •Urttng,  . 
Point  of  bogionlDg, 
Point  of  ending,    . 

Date  of  finithiog. 

Length 

Ordinary  progreu  per  week, 
Applianeee  need, 

Gang  ordinarily  employed, 


Open  cat, 
Jane  18, 18M, . 
Faloon  Btreet, . 
Meridian  Btreet, 

Jaly  6, 18M,    . 
467  feet,   . 
150  feet,    . 
Thrown  oot  by 

hand. 
26  men,    . 


Open  cut. 

Jnne  29, 1894. 

Central  Bqnare. 

In  progreee  September  80  about  SSO 

feet  south  of  While  Btreet. 
In  progreea  September  SO. 
2,087  feet. 
176  feet. 
Trench  machine. 

86  men. 


The  ground  water  was  kept  down  by  the  use  of  a  6  inch  centrif- 
ugal pump  in  Central  Square. 

Foundation.  —  For  a  length  of  130  feet  in  Central  Square  the 
bottom  of  the  trench  was  in  fine,  wet  sand.  This  was  excavated 
to  a  depth  of  1^  feet  below  the  bottom  of  the  pipe,  and  the  space 
refilled  with  gravel.  The  bottom  of  the  trench  elsewhere  has  been 
sand  and  gravel  or  clay  and  gravel.  Where  the  bottom  of  the 
trench  has  been  sand  and  gravel,  the  sewer  pipe  has  been  laid 
directly  upon  it ;  where  the  trench  bottom  has  been  clay  and  gravel, 
enough  sand  has  been  put  around  the  pipe  to  fill  the  uneven  spaces 
left  in  excavating  and  give  an  even  bearing. 

MisceUaneoiLs,  —  Some  of  the  surplus  earth  has  been  used  for 
filling  on  low  lots  of  land  near  by,  and  some  has  been  hauled 
away. 

Abandoned  Workj  Section  39, 

Location.  — From  the  iotenectlon  of  Porter  and  Bremen  itreets,  throagh  Porter 
Street  to  Central  Sqaare. 

The  contractors  first  broke  ground  May  14,  1894.  An  effort 
was  first  made  to  tunnel^  but  fine  running  sand  became  so  trouble- 
some that  this  method  was  abandoned.  May  19  an  open  cut  was 
started,  and  a  length  of  63  feet  excavated  to  grade  with  great 
diflEiculty,  on  account  of  the  running  sand,  and  38  feet  of  pipe 
sewer  was  laid  in  an  unsatisfactory  manner. 

As  no  further  progress  was  made  by  the  contractors  the  work 
was  taken  from  them  by  the  Board. 

Construction  by  the  Board  began  September  17.  Splined  and 
grooved  sheeting,  driven  by  hand,  is  used  in  the  bottom  of  the 
trench  to  prevent  the  running  of  the  sand. 
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Section^ 41  (Contract  Work),  Maldek  and  Melrose. 

At  the  date  of  my  report  for  last  year  (Sept.  30,  1893)  there 
remained  less  than  500  feet  of  this  section  to  complete.  All  work 
on  the  section  was  finished  by  Nov.  20,  1893.  The  cost  per  linear 
foot  was  the  same  as  for  the  work  previously  reported  upon. 


Section  43,  Somerville  and  Cahbridge. 

Location.  —  From  a  point  about  600  feet  soatherly  from  the  Myitfc  pumping  station, 
Somerville,  extending  in  a  sontb-westerlj  direction,  near  Alewife 
Brook,  crossing  Broadwaj,  SomerrUle;  North  Ayenae,  Middlesex 
Central  Raibroad,  the  Lexington  &  Arlington  Branch  Railroad,  the 
Massachusetts  Central  Railroad  and  the  Fitchbnrg  Railroad,  to  Con- 
cord Ayenue,  Cambridge,  with  branches  at  Broadwaj,  Someryllle,  at 
the  Middlesex  Central  Railroad ;  and  the  Belmont  branch  from  the 
extension  of  Spruce  Street,  Cambridge,  extending  nearly  parallel  with 
the  Massachusetts  Central  Railroad  to  the  Belmont  town  line. 
Diameters  of  sewers  and  length  of  each  size: — 
Main  line:  — 

2  feet  11  inches  by  8  feet  6  iuches, 2,756  feet. 

2  feet  5  inches  by  3  feet  1  inch, 2,399  feet. 

2  feet  3  inches  by  2  feet  11  inches,       ....        1,666    *• 
1  foot  11  inches  by  2  feet  9  inches,      ....        1,169    '< 

6,224    « 

1  foot  6  inches  (yitrlfied  pipe), 2,795    ** 

Belmont  branch  and  branches  at  Broadway  and  at  Massachusetts 
Central  Railroad :  — 

1  foot  3  Inches  (yitriiied  pipe), 8,680    " 

CorUractora,  —  Metropolitan  Construction  Company  of  Boston,  Mass. 
OofUraeiora'  SuperirUenderU  {Tear  ending  Sept.  30, 1894),  —  George  W.  Judd. 
Contraetori'  Principal  Foremen  {Tear  ending  Sept,  30,  1894),  — John  Colleran, 
P.  Fercello,  Patrick  Porter,  James  Long. 


State  Aaeistante  {Tear  ending  Sept.  30, 1894), 

Assistant  Engineer :  Francis  L.  Sellew. 

Inspectors:  George  A.  Chase,  James  B.  Coyne,  Samuel  P.  McKenzIe,  Patrick 

McCarthy. 
Transitmen:  Principals  — Edward  S.  Foster,  George  E.  Howe. 
"  Assistants — George  F.  Chase,  W.  Gordon  Crispin. 
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Trtneh  and  TtmneL 


Largest 

Size 
Kasonry 

dewer, 
Main 

Line. 


Bmaller 

Sisea 

Maaonry 

Sewer, 

Main 

Line. 


1  Foot  6 

IFbotS 

Inchea 

Joches 

Pipe. 

Pipe. 

Main 

BelmoDt 

Line. 

Braoeh. 

Lengthof  trench  completed  (feet), 
Lengthof  tunnel  completed  (feet), 
ATerage  depth  of  trench  excavation  to  bottom  of 

nnderdrain  (feet), 

Greatest  depth  of  trench  excavation  to  bottom  of 

nnderdrain  (feet) 

Average  width,  top  of  trench  (feet),  . 
Average  width,  bottom  of  trench  (feet). 
Average  depth  from  aurfaoe  of  gronnd  to  bottom 

of  tnnnel  nnderdrain  (feat),        .... 
Greateat  depth  from  anrfaoe  of  ground  to  bottom 

of  tnnnel  nnderdrain  (feet) 

Average  width  of  tunnel  excavation  (feet),  . 
Volume  of  trench   excavation   per  linear  foot 

(cubic  yards) , 

Volume  of  tunnel  excavation  per  linear  f6ot 

(cubic  yards), 

Approximate  cost  of  trench  excavation  per  linear 
i;  foot,  including  sheeting  left  In,  excavation  and 
f  refilling  below  masonry,  baek-flUlng,  etc.. 
Approximate  coat  of  tunnel  excavation  per  linear 

foot,  including  excavation  and  refilling  below 

masonry,  back-filling,  etc., 


2,711.00 
46.00 

20.00 


80.00 
7.00 
5.60 

20.00 

20.00 
6.00 


7.00 

10.00 
4.50 

4.50 


7.00 

11.00 
4.50 
4.50 


4.40 


1.80 


$4  60 


4  26 


6,123.00  ,  2,705.00      3,581.00 
100.00 

10.60 

16.00 
4.80 
4.80 

16.00 

17.00 
4.60 

1.00 

0.00 


$8  06 


2  00 


1.20 


$3  70* 


1.20 


♦I84*t 


*  Including  pipe. 

t  Branchea  of  this  size,  66  feet,  at  Broadway  and  48  feet  at  Massachusetts  Oential  Bsll. 
road,  come  into  this  cost. 

Character  of  Earth  Excavation,  —  Main  line :  beginning  abont  600  feet  soatheriy 
from  the  Mystic  pnmplng  station  (the  lower  end  of  the  section),  1  foot  of  loam  on  3 
feet  of  sand,  hard-pan  to  bottom  of  excavation.  This  extends  with  slight  varia- 
tion for  a  length  of  about  1,460  feet  in  a  southerly  direction,  where  the  formation 
changes  to  3  feet  of  sand  at  the  surface,  3  feet  of  clay,  3^  feet  of  sand,  hard 
gravelly  clay.  About  400  feet  north  of  Broadway  the  formation  merged  into  2  fioet 
of  loam,  3  feet  of  clayey  gravel,  7  feet  of  hard-pan  (rock  took  the  place  of  the  hard-pin 
for  about  50  feet).  Abont  200  feet  southerly  firom  Broadway :  2  feet  of  peat,  with 
grayelly  clay  below.  Fifteen  hundred  feet  southerly  fh>m  Broadway  this  merged 
into  2  feet  of  clay,  4  feet  of  sand,  blue  clay  below.  Five  hundred  feet  southerly  tnm 
North  Avenue  the  formation  changed  to  3  feet  of  peat  underlaid  by  fine,  wet  sand. 
This  formation  extended  to  the  Fitchburg  Railroad.  From  the  FItchburg  Railroad 
to  the  end  of  the  main  line :  8  feet  of  peat  (containing  traces  of  clay) ,  fine  sand  below. 
Belmont  branch:  beginning  at  foot  of  Spruce  Street  and  extending  1,600  fbet,  3 
feet  of  peat  and  fine  sand  below.  Thence  to  the  Fitchburg  Railroad,  all  pest; 
beyond,  gravel  and  fine  sand. 
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Meuonry. 
Contract  price :  — 

Brickwork,  4  inches  thick,  American  cement  mortar,  per  cubic  yard,  .       .  f  18  95 

More  than  4  inches  thick, 13  65 

Brickwork,  4  inches  thick,  Portland  cement  mortar,  per  cubic  yard,  .       .    16  75 

More  than  4  inches  thick, 15  46 

Concrete,  American  cement  mortar,  per  cubic  yard, 6  60 

Concrete,  Portland  cement  mortar,  per  cubic  yard, 8  26 

Diameters  of  nnderdrain  laid  and  length  of  each  sixe :  — 

6  inch, 2,744  feet. 

8  inch, 6,416    " 

10  Inch, 1,688    " 

Approximate  cost  of  masonry  per  linear  foot  of  excavation,  including  nnderdrain, 
etc. : — 

Largest  size  (trench), $5  65 

Smaller  sizes  (trench), 4  50 

Largest  size  (tunneO,      • ^  ^^ 

Smaller  sizes  (tunnel), 3  75 

Length  completed :  — 

Largest  size  sewer  (trench), 2,711  feet. 

Smaller  sizes  sewer  (trench), 5,123    ** 

Largest  size  sewer  (tunnel), 45    << 

Smaller  sizes  sewer  (tunnel) 100    ** 

Masonry  begun  hi  trench  May  1, 1893 ;  finished  Dec.  20, 1893. 
Masonry  begun  In  tunnel  Aug.  80, 1893 ;  finished  Dec.  20, 1893. 


Pipe. 

Contract  price  (including  excayation,  pipe  and  laying,  etc.) :  — 

Main  line,  I  foot  6  inches  vitrified  pipe,  per  linear  foot,     .       •       .       •       $1  95 

Belmont  branch,  1  foot  3  inches  vitrified  pipe,  per  linear  foot,  ...  1  39 
Diameters  of  nnderdrain  laid  and  length  of  each  size :  — 

6  inch, 1,356  feet. 

8  inch, 3,624    « 

liCngth  of  sewer  pipe  laid :  ^ 

Main  line,  1  foot  6  inches,  2,795  feet;  Belmont  branch  and  shorter 
branches,  1  foot  3  inches,  3,680  feet,  —  6,475  feet. 
Pipe  laying  begun  Nov.  24,  1892 ;  finished  on  Belmont  branch  Aug.  7, 
1893. 

Approximate  cost  of  section  per  linear  foot  of  excavation,  masonry  and  pipe,  includ- 
ing labor,  material,  inspection  and  miscellaneous  items :  — 

Main  line :  •- 

Largest  size  masonry  sewer, f  9  40 

Smaller  sizes  masonry  sewer, 7  40 

1  foot  6  inches  pipe  sewer, 4  50 

Belmont  branch,  1  foot  3  inches  pipe  sewer 4  00 

Note.  —The  information  regarding  Section  43, following  this  note  relates  solely  to 
the  year  ending  Sept.  30, 1894.  For  a  description  of  the  work  performed  prior  to  this 
year,  see  the  fifth  annnal  report. 
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It  was  stated  in  the  report  of  last  year  that  an  open  cut  had 
extended  northwesterly  from  Spruce  Street  for  about  600  feet. 
The  first  179  feet  of  this  opening  had  its  masonry  placed  in  it, 
but  the  remaining  portion  of  the  trench  was  allowed  to  become 
partially  refilled  with  earth,  from  natural  causes.  This  refilled 
trench  had  to  be  dug  out  again,  and,  as  the  redigging  was  a  part 
of  the  second  old  open  cut  mentioned  above,  the  end  of  that  piece 
of  work  is  given  at  the  point  where  the  redigging  ceased. 

Pumps  were  used  as  follows:  a  4  inch  pulsometer  at  a  point 
about  1 ,500  feet  north  of  Broadway ;  an  8  inch  centrifugal  pump 
midway  between  Broadway  and  North  Avenue,  the  same  pump 
afterwards  at  the  southerly  side  of  Broadway;  and  a  6  inch 
centrifugal  near  the  Middlesex  Central  Railroad. 

Foundation,  —  From  about  1,100  feet  south  of  Broadway  to 
within  100  feet  of  North  Avenue  the  bottom  of  the  trench  varied 
from  fine  sand  to  blue  clay.  In  the  sand  the  foundation  was  made 
of  concrete  upon  10  inches  of  screened  gravel,  and  in  the  clay 
the  bottom  of  the  trench  was  excavated  to  fit  the  invert  of  the 
sewer.  Excavating  the  bottom  of  the  trench  to  fit  the  invert  of 
the  sewer  was  done  at  other  places,  as  follows :  from  about  740 
feet  north  of  Broadway  and  extending  100  feet  in  a  southerly 
direction ;  from  about  560  feet  north  of  Broadway  to  about  780 
feet  south  of  Broadway,  in  hard-pan  and  gravelly  clay.  For 
about  500  feet  southerly  from  a  point  1 ,300  feet  north  of  Broad- 
way, fine  running  sand  in  the  bottom  of  the  trench  was  excavated 
to  a  depth  of  half  a  foot  below  the  bottom  of  the  masonry,  and 
replaced  by  screened  gravel.  From  the  Middlesex  Central  Rail- 
road to  the  foot  of  Spruce  Street,  a  distance  of  about  1,100  feet, 
the  bottom  of  the  trench  was  fine  running  sand  containing  some 
silt.  This  was  excavated  to  a  depth  of  1^  feet  below  the  bottom 
of  the  masonry.  Between  the  Middlesex  Central  and  Massachu- 
setts Central  railroads,  a  distance  of  about  1,000  feet,  screened 
gravel  was  used  for  refilling  the  trench  bottom,  and  crushed  stone 
was  used  for  the  remainder  of  the  distance. 

Difficulties,  —  The  sewer  was  built  under  the  Lexington  & 
Arlington  Branch  Railroad,  and  the  arch  was  here  re-enforced 
with  6  inches  of  concrete.  During  the  time  of  crossing  under  the 
railroad  the  tracks  were  held  in  position  by  14  X  14  inch  hard 
pine  timbers. 

Miscellaneous,  —  A  15  inch  branch  for  the  town  of  Arlington 
was  laid  under  the  Alewife  Brook  at  Broadway,  and  another  under 
the  same  brook  at  the  Middlesex  Central  Railroad.  In  each  case 
the  branch  was  entirely  surrounded  with  Portland  concrete.  All 
surplus  earth  gained  by  the  sewer  operations  was  left  within  the 
lines  of  the  land  taking. 
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Section  43}  (Dat  Work),  Mystic  River  Siphon,  Alewife  Brook 

Line. 

Loeo^iofi. —Under  and  on  either  side  of  the  Mystic  Riyer,  Medftyrd  and  Somsrrille, 
aboat  60  feet  easterij  fhan  the  Boeton  AToniie  bridge.    The  rirer  at 
thii  locally  Is  about  80  feet  wide  and  10  feet  deep  at  mean  high  water. 
Length  of  work,  about 150  fbet. 

Character  of  Propoud  Structurei.  —  A  land-catcher,  Bontberlj  side  of  river,  to  be 
built  of  brick  and  concrete  masonry;  Inilde  diameters,  6  Ibet  by  7  feet;  length,  28 
feet.  Siphon  under  riyer,  to  consist  of  about  86  feet  of  24  inch  yitrified  pipe,  sur- 
rounded by  about  16  inches  of  Portland  concrete.  The  eleyation  will  be  about  16 
feet  below  that  of  the  sewer  on  either  side  of  the  river.  On  each  side  of  the  river  a 
man-hole  or  vertical  sewer,  of  brick  and  concrete  masonry,  will  connect  the  sSpboo 
with  a  chamber  leading  to  the  sewer  already  built. 

State  AeeietatUe, 

Assistant  Engineer :  Ony  C.  Emerson. 
Transltman :  Hairy  L.  Ward. 
Foreman :  Paul  Hill. 
Sub-foreman:  Patrick  Oaffbey. 
Pile  driving:  Horace  Sias. 

Construction. — Work  was  commenced  Sept.  17,  1894,  and 
spruce  piles  were  driven  at  intervals  of  10  feet  across  the  river, 
forming  a  bridge  and  guide  for  driving  the  sheet  piling  coffer-dam. 

A  coffer-dam  14  feet  wide,  made  of  6  inch  sheet  piling,  with 
the  top  about  3  feet  above  mean  high  water,  was  commenced  from 
the  northerly  side  of  the  river. 

The  ordinary  working  force  is  about  20  men. 

Section  44,  Winchester. 

Location,  ~  From  a  point  on  the  easterly  side  of  the  Boston  &  Lowell  Railroad, 
about  IdO  feet  southerly  from  Mystic  Station,  running  nortlierly, 
crossing  Bacon  Street  and  through  private  and  railroad  land,  croesiflg 
the  Boston  &  Lowell  Railroad  about  300  feet  southerly  from 
Winchester  Station;  thence  on  the  westerly  side  of  the  railroad 
through  Common  and  Main  streets,  crossing  Wedge  Pond  culvert,  to 
Lake  Street ;  thence  through  private  lands,  and  crossing  Blind  Bridge 
Street  and  tbe  Woburn  Branch  Railroad ;  thence  along  the  north- 
easterly side  of  the  railroad  to  a  point  about  600  foet  south  of  Beggs  & 
Cobb's  tannery. 
Diameters  of  sewers  and  length  of  each  size :  — 

2  feet  7  inches  by  2  feet  U  inches, 3,077  f&bU 

2  feet  3  Inches  by  2  feet  6  inches, 1,623    " 

2  feet  by  2  feet  6  inches, 90S    " 

Contraetore.  —  Jones  &  Meehan  of  Jamaica  Plain,  Mass. 

Contractora*  Superintendent  (  Tear  ending  Sept.  30, 1894) .  ~  Michael  Meehan  of  tbe 

above-mentioned  firm. 
ContractoTM*  Principal  Foreman  {Tear  ending  Sept.  30, 1 ^&4).  — James  Monahsa. 

State  Ateietanta  {Tear  ending  Sept.  30, 1894). 

Assistant  Engineer:  Edmund  8.  Davis. 

Inspectors :  Lucius  M.  S.  Horton,  Edward  A.  Clark. 

Transitmen :  Principal  —  Paul  W.  Rowell. 

**         Assistants  —Fred  Brett,  Edward  F.  Adams. 
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Trench  and  Tunnel. 

Length  completed  of  trench  excavation, 6,354.00  feet. 

Length  completed  of  taonel  excavation 254.00    << 

Average  depth  of  trench  excavation  to  bottom  of  nnderdrain,  .       .  13.60    " 

Greatest  depth  of  trench  excavation  to  bottom  of  underdraln,  .       •  17.00    ** 

Average  width,  top  of  trench, 4.80    ** 

Average  width,  bottom  of  trench, 4.80    ** 

Average  depth  from  snrfiace  of  ground  to  bottom  of  tnnnel  under- 
draln:  — 

Under  Bacon  Street, 28.00  feet. 

In  freight  yard 13  00    « 

Under  Wobum  Branch  RAilroad, 22.00    « 

Greatest  depth  from  surface  of  ground  to  bottom  of  tnnnel  nnder- 

draln, 28.00    « 

Average  width  of  tnnnel  excavation, 0.00    " 

Volume  trench  excavation  per  linear  foot, 2.2  ca.  yds. 

Volume  tnnnel  excavation  per  linear  foot, 1.0     ** 

Approximate  cost  of  trench  per  linear  foot,  including  sheeting  left 
•in,  excavation  and  refilling  below  masonry,  back-fllling,  etc., 
'    f4.l5. 
Approximate  cost  of  tnnnel  excavation  per  linear  foot,  Inelnding 
excavation  and  refilling  below  masonry,  back-filling,  etc.,  $3.40. 

Character  of  Earth  Excavation.'^  About  300  feet  at  the  southerly  end  of  the  sec- 
tion, a  stratum  of  sand  above  one  of  gravel ;  thence  to  the  flreight  yard«  mingled  sand 
and  gravel ;  in  freight  yard  for  about  120  feet,  some  rock  excavation ;  from  fireight 
yard  to  Winchester  station,  sand  and  gravel ;  Winchester  Station  to  Wedge  Pond 
culvert,  filling  near  the  surface  and  an  average  of  4  fieet  of  gravel,  underneath  mostly 
sand  to  bottom  of  excavation ;  Wedge  Pond  culvert  to  where  the  sewer  leaves  Main 
Street,  about  7  feet  of  gravel  filling  near  surface,  then  2  fiset  of  peat,  then  fine  sand  in 
bottom ;  thence  to  within  about  200  feet  of  the  northerly  end  of  the  section,  mingled 
•and  and  gravel ;  northerly  200  feet  of  trench,  about  5  feet  of  peat  near  the  surface, 
sand  underneath. 

Masonry. 
Contract  price :  — 

Brickwork,  American  cement  mortar,  per  cubic  yard f  14  00 

Brickwork,  Portland  cement  mortar,  per  cnbic  yard 17  00 

Concrete,  American  cement  mortar,  per  cubic  yard, 7  00 

Concrete,  Portland  cement  mortar,  per  cnbic  yard, 0  00 

Diameters  of  underdrain  laid  and  length  of  each  size :  — 

8  inch, 6,076  feet. 

10  inch, 660   « 

Approximate  cost  of  masonry  per  linear  foot  of  trench,  including  nnderdrain,  etc. :  — 

Trench $4  60 

Tnnnel, 6  65 

Lengths  of  masonry  completed :  — > 

Trench M54feet. 

Tunnel, 264    " 

Masonry  was  begun  In  trench,  concrete,  June  21, 1893 ;  brick  masonry, 
June  22, 1893 ;  finished  on  the  respective  dates  of  Jan.  5  and  17, 
1894. 

Masonry  begun  in  tunnel  July  27, 1893 ;  finished  Dec.  6, 1803. 

Approximate  cost  of  section  per  linear  foot  of  tnnnel  and  trench  exca- 
vation and  masonry,  including  labor,  material,  inspection  and 
miscellaneous  items,  $8.90. 

Note.— The  information  regarding  Section  44  following  this  note  relates  solely  to 
the  year  ending  Sept.  30, 1894.  For  a  description  of  the  work  performed  prior  to  this 
year,  see  the  fifth  annual  report. 
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The  pamping  was  done  from  pump-wells  about  500  feet  apart 
along  the  line,  in  each  of  which  either  a  4  inch  or  a  6  inch 
centrifugal  pump  was  used. 

Foundation.  —  In  Main  Street,  at  and  near  Wedge  Pond  cul- 
vert, for  a  length  of  153  feet  extending  southerly  from  a  point 
about  246  feet  south  of  the  culvert  and  for  209  feet  including  the 
culvert  and  extending  northerly,  the  bottom  of  the  trench  was 
loose  running  sand,  mingled  with  fibrous  vegetable  matter.  The 
sewer  in  this  place  was  built  upon  piles.  The  piles  were  from  10 
to  25  feet  long,  12  inches  in  diameter  at  the  butts  and  driven  in 
bents  of  two.  Eight  inch  by  8  inch  caps  were  used,  on  which  a  3 
inch  plank  platform  was  placed.  Excavation  has  been  made  from 
6  inches  to  1  foot  below  the  bottom  of  the  masonry,  and  gravel 
refilling  put  in,  as  follows :  65  feet  in  the  freight  yard,  187  feet  in 
Common  Street,  553  feet  in  Main  Street,  and  510  feet  on  the 
northerly  side  of  the  Woburn  Branch  Railroad.  The  material  in 
the  bottom  of  the  trench,  except  at  the  place  last  named,  was  fine 
sand,  with  fibrous  material  in  places.  On  the  northerly  side  of 
the  railroad  two  pockets  of  peat  were  found  in  the  trench  bottom. 
Elsewhere  the  bottom  of  the  trench  was  sand,  with  gravel  in  some 
places,  and  the  invert  of  the  sewer  was  either  laid  in  concrete  or 
in  a  cradle  foundation. 

Miscellaneous.  —  The  sewer  was  built  under  the  Wedge  Pond 
culvert,  and  the  cross-section  was  here  changed  to  a  30  inch  cast 
iron  pipe.  The  pipe  was  surrounded  by  Portland  concrete 
masonry,  which  rested  on  a  platform  and  pile  foundation.  The 
sewer  also  crossed  under  the  Woburn  Branch  Railroad.  The 
trench  outside  of  the  sewer  at  this  place  wa^  filled  with  Portland 
concrete  masonry.  During  the  construction  of  the  sewer  in  Main 
Street  the  street  cars  between  Winchester  and  Woburn  were  not 
able  to  run  to  the  Winchester  end  of  their  track,  and  had  to  stop 
in  Winchester  at  the  head  of  the  trench. 
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Section  44 J  (Contract  Work),  West  Medfo^d  and  Winchester. 

Location.  —  From  the  northerlj  end  of  Section  22  in  Medford,  near  the  outlet  of  the 
Mystic  vallej  sewer  at  the  lower  Mystic  Lake,  along  the  bed  of  the 
old  Middlesex  Canal  and  tbroogh  private  and  railroad  lands  on  the 
westerly  side  of  the  Boston  &  Lowell  Railroad,  crosaing  the  Abhigoaa 
River  and  across  said  railroad  to  a  point  on  easterly  side  of  railroad 
about  160  feet  southerly  from  the  Mystic  Station  in  Winchester.  The 
pipe  crossing  at  AblMjona  River  is  not  emiiraced  la  the  contract  woi^. 
Diameters  of  sewers  and  length  of  each  size :  — 

2  feet  11  inches  byd  feet  3  inches, 3,298  feet 

2  feet  9  inches  by  3  feet  1  inch, 2,308    *< 

Contractors.  —  Weaving,  Booth  &  Co.  of  Dorchester,  Mass. 

Contractor**  Stg9erintend6nt  {Toar  ending  Sept,  30,  1894).  — A.  B.  Weaving,  a 

member  of  the  above-named  firm. 
Contractore"  Principal  Foreman  ( Tear  ending  Sept.  30, 1894).  —  George  Robhuon. 


StaJte  Astietants  {Tear  ending  Sept.  30, 1894). 

Assistant  Engineer :  Edmund  S.  Davis. 

Inspector :  Michael  Gam. 

Transltmen :  Principal  —  Guy  C.  Emerson. 

Assistants  —  Arthur  H.  Pratt,  Joseph  M.  Mahoney,  J.  T.  P.  Jones. 


II 


Trench. 


Larger 
Sewer. 


Smaller 
Sewer. 


Length  completed  (feel), 

Average  depth  of  excavation  to  bottom  of  masonry  (feet),    . 
Greateat  depth  of  excavation  to  bottom  of  masonry  (feet),    •       • 

Average  width,  top  of  trench  (feet), 

Average  width,  bottom  of  trenoh  (feet), 

Volume  of  excavation  per  linear  foot  (cubic  yards) 

Approximate  coat  of  trench  per  linear  foot,  including  sheeting  left  in, 
exravBlion  and  refilling  below  maeoory,  back-filling,  etc.,  . 


8,208.00 

15.00 

21.50 

6.50 

4.25 

2.70 

$2  25 


2,808.00 
7.17 
15.00 
5.25 
5.25 
1.40 

t3  55 


Character  of  Earth  Excav€Uion.—  Beginning  of  section  to  near  Mystic  sewage  dis* 
posal  works,  fine  compact  sand  and  gravel ;  thence  to  end  of  section  on  easterly  aide 
of  railroad,  about  150  feet  southerly  from  Mystic  station  in  Winchester,  coarse  sand 
and  gravel,  with  a  few  boulders  and  some  peat  just  north  of  Abbigona  River. 


liaeonry. 
Contract  price :  — 

Brickwork,  American  cement  mortar,  per  cubic  yard, (11  75 

Brickwork,  Portland  cement  mortar,  per  cubic  yard, 13  20 

Concrete,  American  cement  mortar,  per  cubic  yard, S  40 

Concrete,  Portland  cement  mortar,  per  cubic  yard,       .        .        .        .       •      4  85 

Diameters  of  underdrain  laid  and  length  of  each  size :  — 

6  inch, 772ffeet, 

8  inch, eOS    •' 

Approximate  cost  of  masonry  per  linear  foot  of  trench,  including  under- 
drain, etc.,  $3.90. 

Length  of  masonry  completed, 5,606   ** 
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MasoDTj  begun  Sept.  2, 1893;  finished  Jan.  12, 1894. 

Approximate  cost  of  section  per  linear  foot  of  excavation  and  masonry,  including 
labor,  material,  inspection  and  miscellaneous  items,  f  6.60. 

KoTE.— The  information  regarding  Section  44^  following  this  note  relates  solely  to 
the  year  ending  Sept.  30, 1894.  For  a  description  of  the  work  performed  prior  to  this 
year,  see  the  fifth  annual  report. 

BxetnxUton* 


Old  Opening  No.  1. 

Old  Opening  No.  2. 

New  Opening. 

Chamcter  of  opeoiDg, . 

Open  cat,        •       . 

Open  cat. 

Open  ent. 

Date  of  BtartiDg,   . 

Aug.  28, 1898,  . 

Bept.  19. 1808,  . 

Oct.  7, 1808. 

Point   of  continuing 
from  iMt  year's  work. 

ITO   feet   eonth  of 
Abbajona  River. 

275  feet  sonth  from 
Myitio  Sution. 

- 

Point  of  begiDoing, 

- 

- 

Near  Mystic  sewage 
disposal  works. 

Point  of  ending,  . 

At  Abbajona  River, 

Easterly  side  of  rail- 
road,   about  150 
feet   south  from 
Mystic  Station, 
Winchester. 

Northerly  end  of 
Section  22  in  Med- 
ford,  near  the  out- 
let of  the  Mystic 
▼alley  sewer  at  the 
lower  Mystic  Lake. 

Date  of  flnlahlng. 

Oct.  4, 1803,     . 

Oct.  7. 1808,     . 

Jan.  12. 1804. 

Length, .... 

170  feet,    . 

128  feet,    . 

8,444  feet. 

Ordinary  progreia  per 
week. 

At  rate  of  846  feet. 

123  feet,    .       • 

240  feet. 

Appliances  need, . 

Thrown  oat  by  band, 

Thrown  oat  by  hand. 

Trench  machine. 

Oung    ordinarily  em- 
ployed In  excavation. 

58  men  in  all  worked 

on  these  two  openings. 

68  men. 

The  groand  water  was  kept  down  by  a  6  inch  centrifagal  pump 
near  the  beginning  of  the  section  (northerly  end  of  Section  22,  in 
Medford,  near  the  outlet  of  the  Mystic  valley  sewer  at  the  lower 
Mystic  Lake),  and  a  4  inch  centrifugal  pump  near  the  Mystic 
sewage  disposal  works. 

Foundation.  —  From  the  beginning  of  the  section  to  near  the 
Mystic  sewage  disposal  works,  a  distance  of  about  3,445  feet,  the 
bottom  of  the  trench  was  fine,  compact  sand  and  gravel,  which 
was  excavated  to  fit  the  invert  of  the  sewer. 

Miscellaneous.  —  To  prevent  the  percolation  of  water  through  the 
walls,  the  entire  length  of  the  sewer  built  this  year  was  coated  with 
pitch  between  the  inner  and  outer  rings.  From  near  the  Mystic 
sewage  disposal  works  to  the  Abbajona  River,  a  length  of  about 
715  feet,  excluding  a  street  intervening,  an  embankment  of  surplus 
earth  was  built  over  the  sewer  to  a  height  of  about  2^  feet  above 
the  natural  surface.  Other  surplus  earth  has  been  left  within  the 
lines  of  the  taking. 
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Sectiok  44 J  (Abandonrd  Contract  Work),  Siphon,  Abbajoma 

River,  Winchester. 

Location,  —  Under  and  on  either  aide  of  Abbajona  RWer,  westerly  side  of  Boeton  & 
Lowell  Raibroadj  about  400  feet  southerly  from  Mystic  station. 

Leogth  of  work,  about 80  feet 

Character  of  strnctures :  — 
Southerly  side  of  river.— 
Briclc  masonry  man-hole,  3  feet  by  4  feet  diameter,  with  sump  in  bottom.    This 
is  connected  with  the  main  sewer  by  a  **  goose-nedL "  of  brick  masonry. 
Where  this  man-hole  construction  projects  Into  the  river  it  is  protected  by  a 
pier  of  granite  masonry  backed  with  concrete. 
Siphon  nnder  river  — 
20  inch  Akron  pipe  surrounded  by  concrete  and  rubble  masonry.    The  top  of 
this  siphon  is  protected  from  erosion  by  6  inch  flag^stones  embedded  in  the 
concrete. 
Northeriy  side  of  river  — 
Brick  masonry  sand-catcher,  with  an  inside  diameter  of  about  6  feet  by  6  feet  by 
14  feet.    This  is  protected  in  the  same  manner  as  the  man-hole  on  the  southerly 
side  of  the  river. 
The  total  water  way  between  the  piers  is  32.5  fbet  at  the  top  and  26  feet  at  the  bottom. 
CorUractora  (started  work  and  abandoned  it  later). — Thomas  J.  Young  &Co. of 
Boston,  Mass.    Mr.  Thomas  J.  Toung,  of  the  above-named  firm,  acted  as  super- 
intendent. 
CofUmcton^  Foreman.  —  James  McManns. 


State  AasutantM, 

Assistant  Engineer :  Edmund  S.  Davis. 
Transitmen :  Principal  —  Ouy  C.  Emerson. 

<*  Assistants  —  Harry  L.  Ward,  J.  T.  P.  Jones. 

Foreman :  Paul  Hill. 
Sub-foreman :  Patrick  Gaffhey. 


Volume  of  Excavation, 

Man-hole,  goose-neck  and  pertaining  structures,       .       •       .  80.00  cubic  yards. 

Siphon  under  river, 86.40     '•         •* 

Sand-catcher  and  pertaining  structures, 70.00     **        ** 


Volume  of  Matoniy, 

Brick  masonry  :  — 

Man-hole  and  goose-neck 13.1  cubic  yards. 

Sand-catcher, 10J(     •<         ** 

Split  granite  masonry :  — 
Piers, 26.0     "         " 

Concrete  and  rubble  masonry :  — 

About  man-hole  and  goose-neck, 30.0     **         " 

About  20  inch  pipe  siphon, 33  0     "         *< 

About  sand-catcher, 35.0     **        ** 
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Construction  by  Contractors.  —  A  contract  for  doing  the  work 
was  signed  Dec.  2,  1893,  and  work  was  begun  soon  after  on  the 
northerly  side  of  the  river.  The  material  to  be  excavated  was 
sand  and  gravel,  with  large  boulders  of  split  granite.  These 
boulders  were  the  remains  of  a  former  bridge  of  the  Boston  & 
Lowell  Railroad  over  the  Abbajona  River.  The  boulders  made  it 
difficult  to  drive  the  sheeting  (4  inch)  for  a  coffer-dam,  and  wash- 
outs under  the  bottom  of  the  one  constructed  were  frequent.  Two 
centrifugal  pumps,  4  inch  and  6  inch,  were  at  times  unable  to  keep 
down  the  flow  of  water  into  the  coffer-dam.  The  contractors  com- 
pleted the  sand-catcher  and  stone  pier  on  the  north  side  of  the  pier, 
and  about  6  feet  of  siphon  outside  of  the  pier.  Work  was  abandoned 
by  the  contractors  March  6,  1894.  The  water  in  the  river  at  that 
time  was  about  9^  feet  deep  over  the  top  of  the  siphon  masonry. 

Construction  directly  by  the  Board,  —  The  partial  damming  of 
the  river  by  the  contractors'  coffer-dam  caused  a  very  rapid  cur- 
rent between  the  abutments  of  the  Boston  &  Lowell  Railroad 
bridge  about  23  feet  east  of  the  siphon.  To  avoid  any  possible 
danger  of  undermining  these  abutments,  the  water-way  was 
enlarged  by  removing  a  portion  of  the  contractors'  coffer-dam. 

By  July  21,  1894,  the  water  in  the  river  over  the  line  of  the 
siphon  was  only  about  1  foot  in  depth,  and  on  that  date  construc- 
tion directly  by  the  Board  began.  A  coffer-dam  was  built  similar 
to  the  one  built  by  the  contractors,  and  excavation  and  masonry 
were  carried  on  until  completion  during  the  present  month 
(September,  1894) .  A  6  inch  Blake  pump  took  care  of  the  water 
in  the  coffer-dam. 

Section  45,  Winchester. 

At  the  time  of  reporting  on  this  section  last  year  there  remained 
about  344  feet  of  masonry  to  be  laid  at  the  upper  end  of  the 
section,  near  Washington  Street,  and  some  embankment  work  to 
complete.  The  masonry  was  finished  Oct.  5,  1893.  The  last  of 
the  embankment  work  was  finished  about  Oct.  18,  1893.  The 
cost  of  the  whole  section  was  about  $4.80  per  linear  foot. 


124 


METROPOLITAN  SEWERAGE. 


[Jan. 


Section  46,  Winchester,  Woburn  and  Stonehak. 

LoeatUm,  —From  WashlngtOD  Street  near  the  entmnoe  to  Calyary  Cemetery,  in  Win- 
chester, through  private  lands  on  the  westerly  side  of  Willow  Brook, 
crossing  Willow  Brook  and  thence  throngh  private  lands  on  the  east- 
erly side  of  Clear  Water  Brook,  crossing  Hill  Street,  Stoneham  Branch 
Railroad  and  Maple  Street  in  Woburn  to  Montrale  Avenae  in  Stone- 
ham,  near  the  Woburn  and  Stoneham  town  line. 
Diameters  of  sewers  and  length  of  each  size  :— 

1  foot  10  inches  by  2  feet  3  inches, 2,876  feet 

1  foot  6  inches  by  2  feet, 1,081    ** 

1  foot  3  inches  (Akron  pipe), 2,301    " 

Contractor.— Charles  Linehan  of  Cambridge,  Mass.;  Mr.  Lioehan  acting  as  hia 

own  snperintendeot. 
Ctrntrodor^t  Principal  Forvmofi.*- Giuseppe  Chino. 


State  AtsittantM  {Year  ending  Sept.  30,  1894). 

Assistant  Engineer :  Edmund  S.  Davis. 
Transitmen:  Principal— Ony  C.  Emerson. 

**  Assistant  —  J.  T.  P.  Jones. 

Inspector:  Paul  Hill. 


Trench  and  Twmel. 


Brick 
Bewen. 


Pipe 
Sewer. 


Length  of  trench  completed  (feet), 

Leogtb  of  tunnel  completed  (feet), 

Average  depth  of  trenoh  excavation  to  bottom  of  nnderdrain  (feet), 

Oreatest  depth  of  trench  excavation  to  bottom  of  nnderdrain  (feet), 

Average  widtb,  top  of  trench  (feet), 

Average  width,  bottom  of  trench  (feet), 

Average  depth  from  surface  of  ground  to  bottom  of  tunnel  underdratn 
(feet), 

Qreateat  depth  from  surface  of  ground  to  bottom  of  tunnel  nnderdrain 
(feet) 

Average  width  of  tunnel  excavation  (feet), 

Cubic  yards  trench  excavation  per  linear  foot, 

Cubic  yards  tunnel  excavation  per  linear  foot,         •       .       .       .       . 

Approximate  cost  of  trench  or  tunnel  per  linear  foot,  including  sheet- 
ing left  in,  excavation  and  relllling  below  masonry,  back-filling,  etc., . 


8,456.00 


10.00 

18.00 

8.68 

8.68 


1.] 


$1  40 


2,216.00 

85.00 

8.70 

17.M 

8.90 

8.00 

Sl.OO 

27.00 
4.90 
O.M 
1.00 


Character  of  Earth  Excavation.  —  Near  Washington  Street  to  near  the  glue  fac- 
tory in  Oakland,  about  I  foot  of  loam,  sand  and  gravel  to  bottom  of  excavation,  with 
the  exception  that  this  formation  was  varied  at  two  places  on  the  westerly  side  of 
Willow  Brook  where  fine  sand  was  found  in  the  bottom  of  the  trench ;  from  near  the 
glue  factory  to  Hill  Street,  loam,  with  material  resembling  hard-pan  below;  each 
side  of  Hill  Street,  a  small  quantity  of  a  kind  of  trap  rock  found  In  the  bottom  of  the 
trench ;  Hill  Street  to  the  upper  end  of  the  section,  8  inches  to  a  foot  of  loam,  then 
coarse  sand  and  gravel  to  the  bottom  of  the  trench. 
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Mtuonry  and  Pipe. 
Contract  price,  masoDry:  — 

Brickwork,  American  cement  mortar,  per  coble  yard, $13  00 

Brickwork,  Portland  cement  mortar,  per  coble  yard, 16  00 

Concrete,  American  cement  mortar,  per  cubic  yard,     •       .       •       •       .      6  00 

Concrete,  Portland  cement  mortar,  per  cubic  yard, 6  00 

Contract  price,  pipe  ftewer : — 
1  foot  3  inch  pipe  eewer(inclnding  trench), 136 

Diameters  of  underdraln  laid  and  length  of  each  else :  — 

6  Inch, 2,158  feet. 

8  inch, 3,616    ** 

Approximate  cost  of  masonry  or  pipe  per  linear  foot  of  excBTatlon,  including  under- 
draln, etc. :  •» 

Brick  sewers  (trench), f 3  10 

Pipe  sewer  (Including  trench  and  brick  man-holes),  trench,        .       .       •      1  86 
Pipe  lewer  (including  ezcayation,  concrete  around  pipe,  etc.) ,  tunnel,       •      2  40 

Length  completed :  — 

Brick  sewers  (trench),     • 8,466  feet. 

Pipe  sewer  (trench) 2,216    <* 

Pipe  sewer  (tunnel), 86    " 

Masonry  begun  April  26, 1893;  finished  Nor.  11, 1898. 

Pipe  laying  begun  Sept.  19, 1893;  finished  Not.  9, 1893. 

Approximate  cost  of  brick  sewers  per  linear  foot,  including  excavation 
and  masonry,  labor,  material,  inspection  and  miscellaneous  items, 
•3.10. 

Approximate  cost  of  the  1  foot  3  inch  pipe  sewer  per  linear  foot  of  exca- 
vation and  pipe,  iocluding  masonry  at  man-holes,  labor,  material, 
inspection  and  miscellaneous  items,  |1.02. 

Note. — The  information  regarding  Section  46  following  this  note  relates  solely  to 
the  year  ending  Sept.  30,  1894.  For  a  description  of  the  work  performed  prior  to 
this  year,  see  the  filth  annual  report. 

Excavation.  —  The  excavation  this  year  has  been  wholly  for  the 
pipe  sewer,  and  has  comprised  85  feet  of  tunnel  by  two  headings 
under  the  Stoneham  Branch  Railroad,  and  1,509  feet  of  open  cut 
from  thence  to  the  upper  end  of  the  section  at  Montvale  Avenue  in 
Stoneham,  near  the  Woburn  and  Stoneham  town  line.  Excavation 
was  finished  about  Nov.  20, 1893.  In  tunnelling  under  the  railroad 
the  ordinary  progress  per  week  was  about  80  feet,  and  on  the  open 
cut  it  was  about  300  feet.  The  excavated  material  in  the  tunnel 
was  wheeled  out ;  from  the  open  cut  it  was  thrown  out  by  hand. 
Three  men  ordinarily  worked  in  each  tunnel  heading,  and  32  men 
ordinarily  worked  on  the  open  cut. 

There  was  a  pump-well  near  Hill  Street  and  another  one  near 
Maple  Street.  The  pumping  was  done  by  two  4  inch  centrifugal 
pumps,  which  were  used  alternately  first  at  one  pump-well  and 
then  at  the  other. 

Foundation.  — The  bottom  of  the  trench  consisted  of  sand  and 
coarse  gravel.     The  underdraln  was  laid  in  the  centre  of  the 
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trench,  and  the  15  inch  Akron  pipe  sewer  was  laid  about  foar 
inches  above. 

Jlfiscdlaneous.  —  The  15  inch  pipe  sewer  under  the  Stoneham 
Branch  Railroad  was  surrounded  with  about  6  inches  of  Portland 
concrete. 

Section  47,  Winchester  and  Woburn. 

Location*  —  From  the  corner  of  Main  and  Lake  streetf ,  Winchester,  through  Lake 
and  Unden  streets,  then  in  a  general  north-weaterly  direction  through 
private  lands  to  a  point  near  the  Boston  Ice  Company's  houses  on  Lake 
Avenne,  Woburn,  abont  20  feet  beyond  the  boundary  line  between 
Winchester  and  Woburn. 
Diameters  of  sewers  and  length  of  each  size  (Tltrified  pipe)  :  — 

20  inch, 1,088  feet. 

18  inch, 1,48.5    ** 

15  Inch, 1,937    *< 

CofUraetort.—  Lindsey  &  Cudmore  of  Somerrille,  Mass. 

Contraciora*  SuperintenderU,  —  William  Lindsey  of  the  aboYe-mentloned  firm. 

Contractors*  PrinctpcU  Foreman,  —  James  Crooks. 

State  Asiistants. 

Assistant  Engineer  and  Inspector:  Ony  C.  Emerson. 
Transitman :  Principal  —  Harry  L.  Ward. 

Trench  and  Pipe- 


20  Inch 
Sewer. 


18  Inch 
Sewer. 


15Indi 
Sewer. 


Length  of  trench  completed  (feet), 

Leofth  of  pipe  laid  (feet),        ..*.... 
Avenge  depth  of  trench  excavation  to  bottom  of  ander- 

drain  (feet), 

Greatest  depth  of  trench  ezeavation  to  bottom  of  under- 

drain  (feet) . 

Average  width,  top  of  trench  (feet), 

Average  width,  bottom  of  trench  (feet) 

Cubic  yards  excavation  per  linear  foot  of  trench,  . 
Diameters  of  anderdraio  laid  and  length  of  each  size :  — 

4  inch 425feet. 

6  Inch, 2,386  " 

8  inch, 895   ** 

Approximate  cost  of  trench  and  pipe  per  linear  foot,    . 


1.088.00 
1,088.00 


6.40 


9.40 

8.07 

8.67 

.74 


$1  25 


1,485.00 
1,252.00 

11.80 

17.50 
3.67 
3.67 
1.60 


$1  60* 


1.937.00 
1,937.00 

6.50 

10.00 

8.83 

3.33 

.80 


$i2sr 


*  Including  sheeting  left  in,  excavation  below  grade.       f  Including  sheeting  left  In. 

Pipe  work  was  begun  May  18, 1894,  and  is  now  (September  30)  in  progress. 

Character  of  Earth  Excavation,  —  Sand  and  gravel  for  entire  length ;  very  fine 
sand  from  about  the  end  of  Linden  Street  to  near  Cowdry  &  Nichols*  factory,  also 
fine  sand  containing  considerable  water  from  the  crossing  of  Cowdry  &  Nichols*  canal 
to  near  Russell's  Brook ;  a  small  pocket  of  clay  underlaid  with  coarse  gravel  near 
the  upper  end  of  the  section. 
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Masonry  {Concrete  and  Man-holes). 

Cootract  price:  — 
Brickwork,  American  cement  mortar,  per  cnbic  yard,     ....        f  12.00 
Brickwork,  Portland  cement  mortar,  per  cubic  yard,      ....  14.00 

Concrete,  Amerk»n  cement  mortar,  per  cnbic  yard,        ....  0.00 

Concrete,  Portland  cement  mortar,  per  cubic  yard, 7*00 

Number  of  man-holes  built,  27. 

Approximate  coat  per  man- bole,  f  44.08. 

Approximate  cost  of  section  per  linear  foot  of  trench  and  pipe  (with  man- 
holes), including  labor,  material,  inspection  and  misoellaneons  items, 
to  date  (September  30),  |2.20. 

Excavation. 


Opening  No.  1. 

Opening  No.  2. 

CbarActer  of  opening, 

•               • 

Openent,     •       • 

Open  cat. 

Date  of  starting,     • 

•              • 

May  17,  1804, 

Sept.  7, 1804. 

Point  of  beginning, 

•               • 

Corner    of  Main   and 
Lake  streeta. 

West  side  of  Rnaaell'a  Brook. 

Point  of  ending, 

•              * 

Wf8t  Bide  of  Ruatell'a 
Brook. 

Upper  end  of  aecllon  near  the  Boeton 
Ice  Company's  houses  on   Lake 
Avenne,  Wobam. 

Date  of  flnlBblng,    . 

•              • 

Bept.  80,  1894,       . 

Bept.  27, 18M. 

Length,    ... 

•              • 

8.806  feet,      . 

705  feet. 

Ordinary  progreaa  per 

week, 

400  feet. 

210  feet. 

Appliances  used,     . 

.       . 

Thrown  ont  by  hand, . 

Thrown  out  by  hand. 

Gang  ordinarily  employed,    . 

25  men 

25  men. 

From  the  beginning  of  the  section  to  the  canal  carrying  water 
to  Cowdry  &  Nichols'  factory,  the  pumping  was  done  by  two  hand 
pumps.  Quicksand  containing  much  ground  water  was  encoun- 
tered between  this  canal  and  Russell's  Brook.  A  pump-well  was 
dug  near  Cowdry  &  Nichols'  canal,  and  this  well  was  pumped 
from  by  a  6  inch  Blake  pump.  Two  inch  pipe  wells  10  feet  apart 
were  driven  to  the  stratum  of  gravel  beneath  the  quicksand,  and 
the  level  of  the  ground  water  was  lowered  by  pumping  from  them 
with  a  4  inch  Blake  pump.  The  level  of  the  ground  water  here 
was  still  further  lowered  by  pumping  with  a  6  inch  centrifugal 
pump  from  a  deep  well  dug  near  Russell's  Brook. 

Foundation, — The  quicksand  just  referred  to  extended  for  a 
length  of  650  feet.  It  was  excavated  to  a  depth  of  about  1  foot 
below  the  bottom  of  the  sewer  pipe,  and  replaced  by  coarse  gravel. 
Elsewhere  the  bottomK)f  the  trench  was  sand  and  gravel,  which  was 
excavated  as  nearly  as  practicable  to  the  shape  of  the  invert  of  the 
sewer  pipe. 

Miscellaneous,  —  An  inverted  siphon  was  built  under  Horn  Pond 
Brook  in  Lake  Street.  The  water  in  the  brook  was  very  low,  so 
that  no  special  difficulty  was  experienced.  An  earth  dam  was 
made  half-way  across  the  brook,  and  half  of  the  length  of  the 
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siphon  was  built  under  its  protection.  The  dam  was  then  removed, 
and  the  process  repeated  for  the  other  half  of  the  siphon.  Bj 
working  in  this  manner  half  of  the  channel  of  the  brook  remained 
open  at  all  times.  One  hand  pump  took  care  of  the  water  inside 
of  the  dam.  This  siphon  passes  under  a  bridge  with  abutments 
made  of  very  inferior  dry  rubble  masonry.  The  part  disturbed  was 
relaid  in  cement  mortar.  The  sewer  pipe  is  near  the  surface  in  Lake 
Street  and  in  a  portion  of  Linden  Street,  and  is  also  near  the 
surface  where  it  crosses  under  Horn  Pond  Brook  and  under  Ros- 
sell's  Brook.  In  each  of  these  places  it  has  been  surrounded  with 
concrete.  An  embankment  1  foot  above  the  natural  surface  has 
been  built  over  the  sewer  near  Cowdry  <&  Nichols'  factory.  Some 
of  the  surplus  earth  was  used  making  this.  Other  portions  of  the 
surplus  have  been  used  for  filling  the  old  bed  of  Horn  Pond  Brook, 
where  its  course  has  been  changed,  and  in  making  mounds  about 
man-holes.  The  remainder  of  the  surplus  has  been  left  within  the 
lines  of  the  taking.  Excavation  is  now  (September  30)  entirely 
completed.  It  is  probable  that  the  pipe  laying  and  back-filling 
will  be  completed  in  about  two  weeks. 

Cement  Testing. 

Approximately  30,000  barrels  of  Portland  cement  and  20,000 
barrels  of  American  cement  have  been  used  during  the  year; 
12,500  tests  of  cement  have  been  made,  and  about  2,500  barrels 
rejected. 

The  test  for  fineness  has  been  through  sieves  of  2,500,  10,000, 
14,400,  22,500  and  32,400  meshes  to  the  square  inch. 

The  tests  for  setting  qualities  have  been  by  cold  and  hot  water, 
both  salt  and  fresh ;  and  by  steam  at  various  temperatures. 

Reliance  has  been  placed  mainly  upon  long-time  tests,  and  the 
recorded  experience  of  cements  which  have  been  used  for  years. 

Table  of  Progress. 

The  following  table  recapitulates  to  some  extent  the  detailed 
information  given  in  the  foregoing  pages  and  in  reports  of  preced- 
ing years.  The  Charles  River  valley  sections  are  designated  by 
letters  and  those  of  the  North  Metropolitan  district  by  numbers :  — 
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Where  work  on  the  same  section  has  continued  throagh  two  or 
more  years  some  statistics  and  other  statements  contained  in 
former  reports  have  been  repeated  in  sacceeding  ones  for  con- 
venience of  reference.  This  is  desirable,  among  other  reasons, 
on  account  of  the  great  scarcity  of  former  reports. 

The  foregoing  detailed  reports  of  sections  are  in  general  con- 
densed from  those  of  the  various  assistant  engineers  directly  con- 
nected with  the  work. 

Field  Assistants. 

Assistant  Engineer  William  M.  Brown,  Jr.,  had  general  chai^ 
of  the  construction  on  sewers,  except  the  outfall  and  those  closely 
connected  with  siphons  and  pumping  stations,  until  he  left  the 
work  last  February.  During  the  spring,  summer  and  early  fall 
the  construction  of  the  Charlestown  and  Somerville  branches  was 
under  the  immediate  direction  of  Assistant  Engineer  Edmund  S. 
Davis,  who  also  exercised  a  general  supervision  over  the  East 
Boston,  Chelsea  and  Cummingsville  branches.  Other  field  assist- 
ants are  mentioned  in  the  preceding  pages,  where  the  work  with 
which  they  were  connected  is  more  fully  described. 

During  the  early  part  of  the  year  the  work  of  construction  was 
so  far  advanced  that  the  services  of  many  valuable  assistants 
were  no  longer  needed.  All  of  these  gentlemen  soon  found  other 
situations.  I  desire  again  to  express  my  high  appreciation  of  the 
valuable  work  done  by  my  former  and  present  assistants. 

Offics  Assistants. 

Assistant  Engineer :  Cbarles  H.  Swan. 
"  Sidney  Smith.* 

"  Winslow  Blancbard. 

"  Frank  M.  Shennan.* 

Assistant  Engineer  and  Purchasing  Cleric :  Alfred  F.  Brldgman. 
Draughtsman :  Paul  8.  Yendell.* 
■    "  Alfred  N.  Wahlberg. 

"  Wm.  J.  Watkfns. 

"  Henry  Cleary. 

*'  Frank  A.  Emery.   . 

Clerk  and  Stenographer :  Arthur  B.  Carter. 
Assistant  Stenographer :  Wm.  A.  Nichols.* 
Clerk :  William  Gray. 

"      Burton  W.  Torrey. 
Plan  Keeper:  Alfired  W.  Treflry.* 
"  Harry  L.  Morrow. 

Cement  Tester :  Nelson  A.  Hallett. 
Photographer :  Frank  J.  Nowell.* 

«  George  P.  Goodman. 

Messenger :  Madison  C.  Lewis. 

*  For  a  portion  of  the  year. 
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Time  of  Completion. 

An  examination  of  the  accompanying  map  shows  that  the  im- 
portant work  of  the  system  has  nearly  reached  completion,  and  it 
is  probable  that  before  the  spring  of  1895  all  of  the  northern 
system,  with  the  exception  of  the  Cambridge  branch  and  small 
portions  of  other  branches,  will  be  ready  for  operation ;  and  by 
that  time  the  system,  so  far  as  Winthrop,  Chelsea,  Everett,  Mai- 
den, Melrose,  Medford,  Winchester,  Wobam  and  Stoneham  are 
concerned,  will  be  ready  for  use.  The  Cambridge  branch  proper 
lacks  only  tiie  pamping  station  at  Charlestown  to  make  it  complete. 
The  foundations  for  the  pumps  and  engines  will  be  ready  about  Jan- 
uary 1.  If  the  contractor  sets  the  engines  up  promptly,  they  should 
be  ready  to  work  at  this  place  some  time  in  May. 

Cost. 

It  is  still  very  uncertain  how  the  cost  for  land  damages  will 
compare  with  the  amount  originally  estimated ;  but  the  testimony 
of  capable  and  disinterested  experts  indicates  that  the  amount  so 
estimated  will  suffice. 

Last  winter  an  estimate  was  made  which  showed  that  the  cost 
to  complete  the  system  would  exceed  the  amount  originally  esti- 
mated by  about  ten  per  cent.  The  part  then  remaining  to  be  done 
included  difficult  work  of  which  the  cost  was  extremely  uncertain. 
According  to  the  best  estimate  which  can  be  made  at  the  present 
time,  from  one  and  one-half  to  two  per  cent,  additional  will  be 
needed  to  set  the  system  in  complete  operation  at  every  point,  to 
do  necessary  grading,  to  put  up  necessary  buildings,  such  as  coal 
pockets,  screen-houses,  etc.,  to  do  other  necessary  work  and  to 
pay  all  legal  claims. 

In  constructing  this  system  numerous  changes  have  been  made 
from  the  original  design  that  have  resulted  in  increasing  its 
capacity  about  ten  per  cent.  Other  changes  have  been  made 
which  are  believed  to  have  increased  its  usefulness  and  efficiency. 
These  changes  will,  to  a  considerable  extent,,  account  for  this 
increased  cost  of,  say,  twelve  per  cent,  beyond  the  original 
estimate. 

In  closing  this  report  —  which  may  be  the  last  that  I  shall  make 
to  your  board  —  I  desire  to  express  my  high  appreciation  of  your 
constant  consideration  and  kindness  during  the  years  that  we  have 
worked  together. 

Respectfully  submitted, 

HOWARD  A.   CARSON, 

CkUf  Engineer, 
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Table  D. 

MAINTAINING  AND  OFBRATING  CHABLB8  BIYER  VALLEY  SEWEB 


Oct.    1 
19M 

Feb.    8, 

IWS 

Oct.  81 
81 
31 
81 
81 


Not.  80, 
80, 
80 
80 

Dae.  80, 
80 
80 
80 
80, 

ISM 

Jan.  81 
81 
81 
81 

Feb.  28 
28, 
28 
28 

lCar.81 
31 
81 
81 
81 


Apr.  80, 
80 
80 
80 

May  81 
81 
81 
31 

June  80 

80, 
80 
80 
80 


Jaly  81 
31 
31 
81 

Aug.  81 
81 
81 
81 

8ept.29 
20 
29 
29 


Db. 

To  balanee  unexpended  from  appropriation  of  1808, 

To  appropriation  made  by  chapter  6,  Aeta  of  1804, 

Cb. 
By  amount  paid  for  traTelUng  expenaes, 
**  **         forauppllee,     . 

<*  ««         for  labor,  . 

**  "         for  Inapector'a  aalary, 

•*  **         city  of  Boaton,  diapoalng  of 

age  to  date,  . 


By  amount  paid  for  travelling  expenaea, 
**  **         forauppllee,     . 

"  **        for  labor,  . 

'*  **         for  inapector'a  aalary. 

By  amount  paid  for  traTelUng  expenaee, 
<*  **        forauppiiea,     . 

for  labor,  . 
for  Inapector'a  aalary, 
city  of  Boaton,  diapoaing 
age  to  date,  . 


•« 
«• 


fi 


•f 


By  amount  paid  for  traTelUng  expoiaea, 
**  **         forauppUea,     . 

••  "         for  labor, . 

**  **         for  inapector'a  aalary. 

By  amount  paid  for  traTelUng  expenaea, 
**  **         foraappliee,     . 

'•  "         for  labor,  . 

"  **         for  inapector'a  aalary, 


By  amonnt  paid  for  traTelUng  expenaea, 
**  "         for  aoppUea,     .       • 

for  labor,  .       .       . 
for  inapector'a  aalary, 
city  of  Bonton,  diapoaing 
age  to  date,  . 


«• 
If 


If 
i< 
If 


By  amount  paid  for  traTelUng  expenaea, 
"  ■*         foranppUea,     . 

"  «•         for  labor,  . 

for  inapector'a  aalary. 


If 


«f 


By  amount  paid  for  traTelUng  expenaea, 
*<  '*         for  anppllea,     . 

««  "         for  labor,  . 

**  **         for  Inapector'a  salary. 

By  amonnt  paid  for  traTelUng  expenaea, 
**  **         foreuppUea,     . 

for  labor,  . 

for  inapector'a  aalary, 
city  of  Boston,  diapoaing 
age  to  date,  . 


If 

14 


If 


If 
If 
If 


By  amonnt  paid  for  travelling  expenaea, 
"  "         for  BoppUea,     . 

"  "         for  labor,  . 

•'  "         for  inspector's  aalary, 


By  amount  paid  for  travelling  expenaea, 
<*  "         foranppUes,     . 

"  "         for  labor.  . 

**  **         for  inspector's  salary. 

By  amonnt  paid  for  travelling  expenaes, 
'*  "         for  supplies,     . 

••  ••         for  labor,  . 

*'  *<         inapector'a  salary,  . 


Balance, 


of 


of 


of 


aew 


aew 


aew 


$16  25 

02  66 

144  00 

130  00 

6,760  00 


$0  06 

86  02 

184  80 

180  00 

$10  80 

68  07 

144  00 

130  00 

6,760  00 


$4  86 

48  08 
240  30 
180  00 


$6,101  81 


$4  06 
121  871 
144  00 
186  00 


$16  06 
100  06 
186  62 
120  00 

6,750  00 


$4  86 

68  64 

170  88 

186  00 

$7  20 

18  10 

66  63 

60  00 

$7  70 
16  02 
68  62 
70  00 

6,760  00 


$7  26 
81  61 
61  28 
46  00 


$6  51 
20  31 
36  06 
60  00 


$7  82 

8  68 

28  17 

40  00 


860  87 


$13,8Mt6 
27,030  00 


$40,8Uf6 


6,006  77 


427  68 


406  82 


6,241  62 


877  72 


180  02 


6,012  24 


186  10 


112  78 


84  67 


26A»tf 
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AssBTS  A2fD  LiABiLinBs  Sbft.  30,  1894. 


0 

Assets. 

Office  furniture,  fittings  and  supplies,  including  fittings  for 

field  offices,  stationery  and  railroad  tickets,  f  2,826  62 
Engineering  instruments  and  supplies,         .        .  8,912  86 
Engines,  pumps,  boilers,  derricks,  inclines  and  heavy  ap- 
pliances,       16,340  86 

Miscellaneous  tools, 3,902  09 

Miscellaneous  supplies,  including  lumber,  bricks,  cement, 

etc., 11,697  63 

Engineers^  field  offices,  sheds,  tool  houses,  etc.,   .        .        .         3,396  00 

Stock  yard  and  building.  East  Boston, 2,600  00 

House  and  lot.  Pearl  Street,  Chelsea, 3,600  00 

Vacant  lots,  Winthrop, 1^00  00 

Cash  received  as  follows :  — 

Balance  Sept.  30,  1893 $1,002  64 

For  sale  of  scow,  pile  buts,  etc.,     .        .        .      107  26 

For  rent  of  house,  63  Pearl  Street,  Chelsea,  .      144  00 

1,263  89 

160,028  84 

There  are  numerous  necessary  plans,  drawings,  calculations 
and  studies  relating  to  the  work  to  which  no  stated  value  can 
be  assigned  ;  also  about  forty-five  miles  of  completed  sewer. 

LlABILmES. 

Salaries  due  engineers,  inspectors,  rodmen,  laborers  and 

others, f3,789  80 

Due  for  labor  for  maintaining  Charles  River  Valley  System,  8  79 

Amounts  due  contractors, 16,786  67 

Amounts  due  sundry  parties  for  cement  and  brick,             .  7,862  36 

Sundry  small  bills, 26,472  47 

163,919  08 

There  are  also  various  amounts  due  contractors  upon  several 
sections  of  the  work  which  will  be  paid  on  succeeding  estimates 
or  after  the  completion  of  their  contracts. 
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FIRST  ANNUAL  REPORT 


or  TBI 


Board  of  Registration 

IN  Medicine. 


January,    1896. 


BOSTON : 
WRIGHT  ft  POTTER  PRINTING  CO.,   STATE  PRINTERS, 

18  Post  Offick  Squabb. 
1895. 


C0mm0nfoiall^  0f  ptassat^sdts. 


Offiob  of  thb  Secrbtabt,  Boston,  Jan.  18,  1895. 

Hod.  George  v.  L.  Meter, 

Speaker^  House  of  Bepresenialives. 

SiK :  —  I  have  the  honor  to  transmit  herewith,  for  the  use 
of  the  Legislature,  the  report  of  the  Board  of  Registration 
in  Medicine. 

Very  respectfully, 

WM.  M.  OLIN, 

Secretary, 


(^ammarAamliln  of  W^uBBwcl^nuttB* 


Board  of  Reoistbation  ix  Mbdicixb, 

Statb  H0U8B,  Boston,  Jan.  1, 1895. 

To  His  Excellency  Frederic  T.  Greenhalge. 

Sir  :  —  Iq  compIiaDce  with  section  fi  of  chapter  458  of  the 
Acts  of  1894,  the  Board  present  the  following  report :  — 
Your  Excellency  appointed  as  members  of  this  Board  :  — 

Edward  J.  Fokster,  M.D.,  of  Boston,  for  the  term  of  seven 
years. 

Augustus  L.  Chase,  M.D.,  of  Randolph,  for  the  term  of  six 
years. 

Daniel  B.  WHrrriER,  M.D.,  of  Fitchbarg,  for  the  term  of  five 
years. 

Walter  P.  Bowers,  M.D.,  of  Clinton,  for  the  term  of  four 
years. 

Stephen  H.  Blodgett,  M.D.,  of  Cambridge,  for  the  term  of 
three  years. 

C.  Edwin  Miles,  M.D.,  of  Boston,  for  the  term  of  two  years. 

Augustus  C.  Walker,  M.D.,  of  Greenfield,  for  the  term  of 
one  year. 

A  vacancy  caused  by  the  resignation  of  Dr.  Blodgett  was 
filled  by  the  appointment  and  qualification  of  William  C. 
Cutler,  M.D.,  of  Chelsea. 

The  Board  was  duly  organized  on  July  10,  1894,  by  the 
choice  of  C.  Edwin  Miles  as  chairman  and  Edward  J. 
Forster  as  secretary. 

The  Massachusetts  Medical  Society  is  represented  by  Drs. 
Forster,  Bowers  and  Walker;  the  Massachusetts  Homoeo- 
pathic Medical  Society  by  Drs.  Whittier  and  Cutler ;  and 
the  Massachusetts  Eclectic  Medical  Society  by  Drs.  Chase 
and  Miles. 
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As  required  by  law,  public  notice  was  given  in  one  paper 
published  in  each  county  by  giving  the  details  of  the  organ- 
ization of  the  Board  and  printing  the  law  in  full ;  besides  this 
required  notice,  others  were  printed  in  every  daily  and 
nearly  every  weekly  paper  in  the  Commonwealth  which  had 
not  already  published  the  law  in  full.  Notice  was  also 
printed  in  the  **  Boston  Medical  and  Surgical  Journal,"  the 
''New  England  Medical  Gazette"  and  the  ''Massachusetts 
Medical  Journal."  These  journals  represent  the  three  classes 
of  physicians  who  form  the  Board. 

Blank  forms  of  application  were  furnished  the  librarian  of 
the  Massachusetts  Medical  Society  for  distribution  with  its 
publications.  Similar  blanks  were  furnished  the  secretaries 
of  the  Massachusetts  Homoeopathic  and  Massachusetts  Eclectic 
societies  for  similar  distribution.  Two  thousand  postal-card 
notices  were  also  sent  to  physicians  throughout  the  State. 
It  will  be  seen  that  the  Board  have  taken  more  than  the 
required  pains  to  disseminate  a  knowledge  of  the  existence 
of  the  new  law  throughout  the  Commonwealth. 

For  the  purposes  of  registration  prior  to  the  first  day  of 
January,  1895,  the  law  formed  three  classes:  first,  those 
who  had  been  practising  continuously  for  a  period  of  three 
years  next  prior  to  the  passage  of  the  act,  i.  e.,  the  seventh 
day  of  June ;  second,  graduates  of  a  legally  chartered  medi« 
cal  college  or  university  having  the  power  to  confer  degrees 
in  medicine.  These  latter  must  have  been  in  practice  in  this 
Commonwealth  at  the  time  of  the  organization  of  the  Board, 
namely,  July  10,  1894.  These  two  classes  could  be  regis- 
tered by  paying  the  fee  of  $1.  The  third  class  included 
those  not  in  the  foregoing ;  they  must  be  examined,  and  pay 
the  fee  of  $10.     Only  one  such  candidate  made  application. 

A  number  of  those  specially  exempted  by  the  law  have 
applied  for  registration,  such  as  clairvoyants,  hypnotists, 
magnetic  healers,  mind  curers,  masseurs,  Christian  scien- 
tists, cosmopathics,  etc.  Many  applications  have  been  re- 
ceived, with  the  accompanying  fee,  from  many  States  of 
the  Union,  the  senders  in  most  cases  never  having  been 
residents  or  inhabitants  of  the  State,  but  thinking  Massachu- 
setts was  registering  any  graduate  in  medicine  who  had  a 
dollar  to  spare  for  that  purpose.  Besides  these,  applications 
have  been  received  from  very  many  whom  the  Board  did  not 
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consider  were  properly  to  be  classed  as  practitioners  of 
medicine ;  also  from  those  whose  claims  to  be  graduates  or  to 
have  been  in  practice  the  requisite  three  years  were  upon  in- 
vestigation found  to  be  fraudulent.  From  all  these  certifi- 
cates of  registration  have  been  withheld  and  the  fees  returned. 

The  whole  number  of  applications  of  all  kinds  received  up 
to  January  1  has  been  4,394.  The  whole  number  of  certifi- 
cates issued  has  been  3,017.  Of  these  2,817  have  been 
issued  to  graduates  and  200  have  been  issued  to  practitioners 
of  three  years'  standing ;  294  applications  have  been  rejected, 
leaving  1,083  to  be  accounted  for.  A  very  large  number  of 
these  are  simply  awaiting  engrossment,  and  certificates  will 
soon  be  issued. 

Every  application  received  has  been  carefully  investigated, 
and  none  have  been  rejected  unless  passed  upon  by  the  full 
Board.  A  number  of  those  recently  received  are  now  being 
looked  up,  and  some  among  them  no  doubt  will  be  found 
which  should  not  be  accepted. 

A  statement  of  the  number  of  practitioners  in  the  United 
States,  published  in  a  Western  journal,  gives  the  total  in 
Massachusetts  4,457.  Polk's  **  Medical  and  Surgical  Regis- 
ter "  for  the  year  1893  gives  the  total  number  of  practitioners 
as  4,012,  classified  as  follows :  regulars,  2,646 ;  homoeo- 
pathies, 687 ;  eclectics,  221 ;  not  belonging  to  the  foregoing 
classes,  458. 

The  resident  membership,  as  obtained  from  official  sources 
of  the  three  medical  societies  in  the  State,  is :  — 

Massachusetts  Medical  Society  (incorporated  1781),  1,911. 
Massachusetts  Homoeopathic  Medical  Society  (incorporated  1856),  294. 
Massachusetts  Eclectic  Medical  Society  (incorporated  1861),  58. 

There  are  now  four  medical  schools  in  this  State  which 
confer  degrees  in  medicine :  — 

The  Medical  Department  of  Harvard  University  conferred  its  first 
medical  degree  in  1788 :  — 

Graduates  in  1894, 124 

Total  number  of  gradaates, 3,480 

Present  number  of  students, 436 

The  Boston  University  School  of  Medicine,  organized  in  1873 :  — 

Graduates  in  1894, 25 

Total  number  of  graduates, 613 

Present  number  of  students, 131 
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The  College  of  FhysiciaiiB  and  Surgeona,  oiganized  in  1880,  inoorpo- 
rated  in  1888 :  — 

Graduates  in  1894, 25 

Total  number  of  graduates, 165 

Present  number  of  students, 155 

Tofts  College  Medical  School,  organized  in  1898 :  — 

Graduates  in  1894  (haying  preyiously  been  students 

in  other  schools), 22 

Present  number  of  students, 80 

Total  number  of  graduates  in  medicine  in  the  State  in  1894,     .  194 

Total  number  of  students, 802 

Total  number  of  graduates  from  existing  schools,     .  4,280 

Total  number  of  graduates  from  extinct  and  dormant  schools,        1,324 
Total  number  of  Massachusetts  graduates  in  medicine,     •        .        5,604 

Two  schools  have  become  extinct.  The  Berkshire  Medi- 
cal College,  organized  as  the  Berkshire  Medical  Institution 
in  1822,  was  at  one  time  connected  with  Williams  College 
as  its  medical  department.  It  became  extinct  in  1867,  after 
having  1,154  graduates.  The  New  England  Female  Medical 
College,  first  incorporated  in  1850  as  the  Female  Medical 
Education  Society,  was  reorganized  in  1856,  and  in  1874  was 
by  act  of  the  Legislature  united  with  the  Boston  University 
School  of  Medicine.     It  graduated  98. 

The  Worcester  Medical  College  is  dormant,  no  lectures  or 
instruction  having  been  given  since  1859 ;  but  its  corporate 
existence  is  maintained,  E.  Edwin  Spencer,  M.D.,  being 
secretary  and  treasurer  of  the  corporation.  This  school  was 
organized  in  1848  as  the  New  England  Botanico-Medical 
College ;  it  was  reorganized  in  1852  as  an  eclectic  school, 
under  its  present  name.  It  moved  to  Boston  in  1857,  when 
one  course  of  lectures  was  given,  but  returned  to  Worcester 
the  next  year.  A  list  of  graduates  furnished  by  the  present 
secretary  of  the  corporation  shows  in  1853, 14  graduates  and 
4  honorary  degrees  granted ;  in  1854,  12  graduates  and  4 
honorary  degrees  granted ;  in  1855,  10  graduates  and  1 
honorary  degree  granted ;  in  1856,  14  graduates  and  5  hon- 
orary degrees  granted  ;  in  1857,  19  graduates  and  1  honorary 
degree  granted;  in  1859,  3  graduates;  total  number  of 
graduates,  72 ;  total  number  of  honorary  degrees,  15.  One 
or  more  diplomas  have  been  issued  since  1859  to  former 
students  of  the  school. 

Clark  University  of  Worcester,  chartered  in  1887,  has  a 
medical  depailment,  4  professors,  3  assistant  professors,  1 
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adjunct  professor,  1  instructor,  10  docents,  2  honorary 
fellows,  17  fellows  and  4  assistants.  It  is  not  an  institution 
for  conferring  the  degree  of  M.D.,  but  one  in  which  gradu- 
ates in  medicine  and  college  graduates  intending  to  study 
medicine  may  study  the  purely  scientific  parts  of  medicine. 
Under  the  heading  <<  Fraudulent  Institutions"  the  Illinois 
State  Board  of  Health,  in  its  *<  Reports  on  Medical  Educa- 
tion and  Medical  Colleges,"  in  its  fifteenth  annual  report,  pub 
lished  in  1894,  has  the  following  relating  to  Massachusetts : -— 

New  England  UNivERsrrr  of  Arts  and  Sciences, 

Boston,  Mass. 

Fraudulent  ^Extinct    Exposed  by  the  Illinois  State  Board  of 

Health. 

Belleyue  Medical  College  of  Massachusetts, 

Boston,  Mass. 

Fraudulent.  —  Extinct.    Exposed  by  the  Illinois  State  Board  of 

Health. 

Medical  Department  op  the  American  Universitt  of  Boston, 

Boston,  Mass. 

First  Medical  College  of  the  American  Health  Society, 

Boston,  Mass. 

Excelsior  Medical  College, 

Boston,  Mass. 

Fraudulent.  —  Exposed  by  the  Illinois  State  Board  of  Health. 

These  five  last-named  institutions  were  organized  under  the  "  Public 
Statutes  [of  Massachusetts],  chapter  115,  relating  to  associations  for 
charitable,  educational  and  other  purposes  ^  An  act  of  June  30, 1883,  now 
forbids  such  corporations  conferring  medical  degrees  without  special 
authorization  by  the  Legislature.  The  exposure  of  the  character  of  these 
so-called  medical  schools  by  the  Illinois  State  Board  of  Health  resulted 
in  this  legislation  and  in  the  virtual  extinction  of  these  ''  diploma  mills." 

••  Dr."  Alfred  Booth,  the  *•  founder  "  of  one  of  these  ••  colleges,"  seems, 
however,  to  have  resumed  the  sale  of  the  diplomas  of  the  Excelsior 
Medical  College,  information  to  that  effect  having  reached  the  secretary 
early  in  1891.  April  14,  1891,  the  secretary  received  a  letter  from  Dr. 
Hubbard,  dean  of  the  Meharry  Medical  College  of  Nashville,  Tenn., 
enclosing  a  letter  of  which  the  following  is  a  copy :  — 

Resbbved  College  op  Physicians  and  Suroeoics, 

Spbinofibld,  Mass.,  March  28, 1891. 
O.  W.  Hubbard,  M.T).,  Dean, 

Dear  Sir  :  —  I  must  beg  yon  to  accept  an  apology  for  me  writing  to  yon  on  snch 

a  subject  I 'am  a  graduate  in  medicine  and  have  been  elected  Dean,  of  the  above 
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school.  I  would  like  to  reoeive  another  degree  of  Doctor  of  Medidne,  if  possible 
from  a  western  University.  So  therefore  as  jovlt  college  appeared  among  a  list  of 
many  other's  I  thought  I  would  write  to  yon  in  regards  to  my  particular  case,  &c 
Hoping  this  will  redeve  a  prompt  reply  &c  I  am  Yours  Bespectfolly 

Oarbbtt  B  B  Larkbt  M.D.  Dean 
No  14  Fremont  St 
Springfield  Mass 
College  Building 

Find  enclosed  a  stamp  for  a  reply. 

Larkey  was  one  of  those  who  had,  in  the  previous  March,  oomplaiDed 
of  **  Dr/'  Alfred  Booth.  Booth^s  climax  was  reached  April  7, 1893,  when 
he  was  sentenced  to  the  New  York  State  penitentiaiy  upon  conviction  of 
haying  sold  a  ''  diploma  ^  of  the  Excelsior  Medical  College  to  a  '^  New 
York  Herald  "  reporter. 

Nothing  further  has  been  learned  of  Garrett  B.  B.  Larkey,  "  dean  ^  of 
the  **  Reserved  College  of  Physicians  and  Surgeons,*'  nor  of  his  institu- 
tion. 

The  receipts  and  disbursements  of  the  Board  have  been  as 
follows :  — 

Up  to  Jan.  1, 1895,  the  receipts  from  fees  and  paid  to  the 

State  treasurer  have  been $3,500  00 

The  disbursements  have  been :  — 

Services  and  travelling  expenses  of  members,    |316  52 

Clerical  assistance, 1,245  00 

Advertising, 300  89 

Printing, 325  24 

Postage, 126  55 

Stationery,  books,  binding,  etc.,        .        .        .      147  38 

Total, 2.462  08 

Leaving  an  unexpended  balance  in  the  hands  of  the  treasurer 

of f  1,037  92 

Id  the  Appendix  (A)  to  this  report  will  be  found  a  copy  of 
the  law  under  which  the  Board  acts  and  (B)  a  register  of  the 
names  of  all  those  whose  applications  were  received  prior  to 
the  1st  of  January,  1895,  and  to  whom  certificates  of  registra- 
tion have  been  issued.  No  examinations  have  as  yet  been 
held. 

Bespectfully  submitted, 

EDWARD  J.  FORSTER. 
AUGUSTUS  L.  CHASE. 
DANIEL  B.  WHITTIER. 
WALTER  P.  BOWERS. 
WILLIAM  C.  CUTLER. 
C.  EDWIN  MILES. 
AUGUSTUS  C.  WALKER. 
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Appendix  A. 


[Chapter  468,  Aots  of  18M.] 
AN  ACT  to  provide  for  the  Beerlstratlon  of  PhyBicians  and  Surfireons. 
Be  it  enacted^  etc,^  as  follows: 

Section  1.  The  governor,  with  the  advice  and  consent  of  the 
council,  shall  appoint  seven  persons,  residents  in  this  Common- 
wealth, who  shall  be  graduates  of  a  legally  chartered  medical 
college  or  nniversity  having  the  power  to  confer  degrees  in  medi- 
cine, and  who  shall  have  been  actively  employed  in  the  practice  of 
their  profession  for  a  period  of  ten  years,  who  shall  constitute  a 
board  of  registration  in  medicine.  Such  persons  shall  be  appointed 
and  hold  office  for  terms  of  one,  two,  three,  four,  five,  six  and 
seven  years,  respectively,  beginning  with  the  first  day  of  July  in 
the  present  year,  and  until  their  respective  successors  are  ap- 
pointed, and  thereafter  the  governor,  with  the  advice  and  consent 
of  the  council,  shall  appoint,  before  the  first  day  of  July  in  each 
year,  one  person  qualified  as  aforesaid,  to  hold  office  for  seven  years 
from  the  first  day  of  July  next  ensuing.  No  member  of  said 
board  shall  beloog  to  the  faculty  of  any  medical  college  or  univer- 
sity. Vacancies  in  said  board  shall  be  filled  in  accordance  with 
the  provisions  of  this  act  for  the  establishment  of  the  original 
board,  and  the  person  appointed  to  fill  a  vacancy  shall  hold  office 
during  the  unexpired  term  of  the  member  whose  place  he  fills. 
Any  member  of  said  board  may  be  removed  from  office  for  cause 
by  the  governor,  with  the  advice  and  consent  of  the  executive 
council,  and  not  more  than  three  members  of  said  board  shall  at 
one  time  be  members  of  any  one  chartered  state  medical  society. 

Sect.  2.  The  members  of  said  board  shall  meet  on  the  second 
Tuesday  of  July  next,  at  such  time  and  place  as  they  may  deter- 
mine, and  shall  immediately  proceed  to  organize  by  electing  a 
chairman  and  secretary,  who  shall  hold  their  respective  offices  for 
the  term  of  one  year.  The  secretary  shall  give  to  the  treasurer 
and  receiver  general  of  the  Commonwealth  a  bond  in  the  penal 
sum  of  five  thousand  dollars,  with  sufficient  sureties  to  be  approved 
by  the  governor  and  council,  for  the  faithful  discharge  of  the 
duties  of  his  office.    The  said  board  shall  hold  three  regular  meet- 
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ings  in  each  year,  one  on  the  second  Taesday  of  March,  one  on 
the  second  Taesday  of  July  and  one  on  the  second  Taesday  of 
November,  and  such  additional  meetings  at  such  times  and  places 
as  it  may  determine. 

Sect.  3.  It  shall  be  the  duty  of  said  board  immediately  upon 
its  organization  to  notify  all  persons  practising  medicine  in  this 
Commonwealth  of  the  provisions  of  this  act,  by  publication  in  one 
or  more  newspapers  in  each  county,  and  every  such  person  who  is  a 
graduate  of  a  legally  chartered  medical  college  or  university  having 
power  to  confer  degrees  in  medicine,  and  every  person  who  has 
been  a  practitioner  of  medicine  in  this  Commonwealth  continaoosly 
for  a  period  of  three  3'ears  next  prior  to  the  passage  hereof,  shall 
upon  the  payment  of  a  fee  of  one  dollar  be  entitled  to  registration, 
and  said  board  shall  issue  to  him  a  certificate  thereof  signed  by 
the  chairman  and  secretary. 

Sect.  4.  Any  person  not  entitled  to  registration  as  aforesaid 
shall,  upon  payment  of  a  fee  of  ten  dollars,  be  entitled  to  examina- 
tion, and  if  found  qualified  by  four  or  more  members  of  said 
board  shall  be  registered  as  a  qualified  physician,  and  shall  receive 
a  certificate  thereof  as  provided  in  section  three.  Any  person 
refused  registration  may  be  re-examined  at  any  regular  meeting 
of  said  board,  within  two  years  of  the  time  of  such  refusal,  with- 
out additional  fee,  and  thereafter  he  may  be  examined  as  often  as 
he  may  desire,  upon  the  payment  of  the  fee  of  ten  dollars  for  each 
examination.  Said  board  after  a  conviction  before  a  proper  court, 
for  crime  in  the  course  of  professional  business  has  been  shown, 
and  after  hearing,  may  by  unanimous  vote  revoke  any  certificate 
issued  by  them  and  cancel  the  registration  of  the  person  to  whom 
the  same  was  issued.  All  fees  received  by  the  board  under  this 
act  shall  be  paid  by  the  secretary  thereof  into  the  treasury  of  the 
Commonwealth  once  in  each  month. 

Sect.  5.  The  compensation,  incidental  and  travelling  expenses 
of  the  board  shall  be  paid  from  the  treasury  of  the  Commonwealth. 
The  compensation  of  members  of  the  board  shall  be  ten  dollars 
each  for  every  day  actually  spent  in  the  discharge  of  their  duties, 
and  three  cents  per  mile  each  way  for  necessary  travelling  expenses 
in  attending  the  meetings  of  the  board,  but  in  no  case  shall  any 
more  be  paid  than  was  actually  expended.  Such  compensation 
and  the  incidental  and  travelling  expenses  shall  be  approved  by 
the  board  and  sent  to  the  auditor  of  the  Commonwealth,  who  shall 
certify  to  the  governor  and  council  the  amounts  due  as  in  case 
of  other  bills  and  accounts  approved  by  him  under  the  provisions 
of  law :  providedy  that  the  amounts  so  paid  shall  not  exceed  the 
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amount  received  by  the  treasarer  and  receiver  general  of  the  Com- 
monwealth from  the  board  in  fees  as  herein  specified,  and  so  much 
of  said  receipts  as  may  be  necessary  is  hereby  appropriated  for  the 
compensation  and  expenses  of  the  board  as  aforesaid. 

Sect.  6.  The  board  shall  keep  a  record  of  the  names  of  all 
persons  registered  hereunder,  and  a  record  of  all  moneys  received 
and  disbursed  by  said  board,  and  said  records  or  duplicates 
thereof  shall  always  be  open  to  inspection  in  the  office  of  the 
secretary  of  the  Commonwealth.  Said  board  shall  annually  report 
to  the  governor,  on  or  before  the  first  day  of  January  in  each  year, 
the  condition  of  medicine  and  surgery  in  this  Commonwealth, 
which  report  shall  contain  a  full  and  complete  record  of  all  its 
official  acts  during  the  year,  and  shall  also  contain  a  statement  of 
the  receipts  and  disbursements  of  the  board. 

Sect.  7.  It  shall  be  the  duty  of  the  board  to  investigate  all 
complaints  of  disregard,  non-compliance  or  violation  of  the  pro- 
visions of  this  act,  and  to  bring  all  such  cases  to  the  notice  of  the 
proper  prosecuting  officers. 

Sect.  8.  On  and  after  the  first  day  of  January  in  the  year 
eighteen  hundred  and  ninety-five  the  board  shall  examine  all 
applicants  for  registration  as  licensed  physicians  or  surgeons. 
Applicants  must  give  satisfactory  proof  of  being  twenty-one  years 
of  age  and  of  good  moral  character ;  and  every  applicant  who  is  a 
graduate  of  and  has  received  a  degree  of  doctor  of  medicine  from 
a  legally  chartered  medical  college  or  university  having  power  to 
confer  degrees  in  medicine  in  this  Commonwealth,  shall  be  entitled 
prima  facie  to  be  registered  under  this  act,  upon  the  payment  of 
the  fees  herein  provided. 

Sect.  9.  Examination  shall  be,  in  whole  or  in  part,  in  writing, 
and  shall  be  of  an  elementary  and  practical  character.  They  shall 
embrace  the  general  subjects  of  surgery,  physiology,  pathology, 
obstetrics  and  practice  of  medicine,  and  shall  be  sufficiently  strict 
to  test  the  qualifications  of  the  candidate  as  a  practitioner  of 
medicine. 

Sect.  10.  Whoever  not  being  registered  as  aforesaid  shall 
advertise  or  hold  himself  out  to  the  public  as  a  physician  or  sur- 
geon in  this  Commonwealth,  by  appending  to  his  name  the  letters 
^^M.D.,"  or  using  the  title  of  doctor,  meaning  thereby  a  doctor 
of  medicine,  shall  be  punished  by  a  fine  of  not  less  than  one  hun- 
dred nor  more  than  five  hundred  dollars  for  each  offence,  or  by 
imprisonment  in  Jail  for  three  months,  or  both. 

Sect.  11.    This  act  shall  not  apply  to  commissioned  officers  of 
the  United  States  army,  navy  or  marine  hospital  service,  or  to  a 
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physician  or  surgeon  who  is  called  from  another  state  to  treat  a 
particular  case,  and  who  does  not  otherwise  practice  in  this  state, 
or  to  prohibit  gratuitous  services ;  nor  to  clairvoyants,  or  to  per- 
sons practising  hypnotism,  magnetic  healing,  mind  cure,  massage 
methods,  christian  science,  oosmopathic  or  any  other  method  of 
healing :  provided,  such  persons  do  not  violate  any  of  the  pro- 
visions of  section  ten  of  this  act. 

Sect.  12.  For  the  purposes  of  the  appointment  of  said  board, 
and  of  registration  of  persons  by  it  hereunder,  this  act  shall 
take  effect  upon  its  passage,  and  shall  take  full  effect  on  the  first 
day  of  January  in  the  year  eighteen  hundred  and  ninety-five. 
[^Approved  June  7, 1894. 


Appendix    B. 


First  Official.  List 


OP 


Practitioners  of  Medicine 


REGISTERKD    BY    THK 


Board  of  Rf.gistration  in  Medicinf], 

BKING  THOSE  WHOSE  APPLICATIONS  WERE  RECEIVED  PRIOR 

TO  JANITARY  1,   IHOo. 


NOTE. 

By  vote  of  the  board  the  following  forms  of  certificates  are  issued  to 
those  registered :  — 

A,  to  graduates  of  legally  chartered  medical  colleges  or  universities  hav- 
ing power  to  confer  degrees  in  medicine,  who  were  practising  medicine  in 
this  Commonwealth  at  the  date  of  the  organization  of  the  board,  to  wit, 
July  10,  1894. 

B,  to  those  who  had  been  practitioners  of  medicine  in  this  Common- 
wealth, continuously,  for  a  period  of  three  years  next  prior  to  June  7« 
1894. 

C,  to  graduates  of  legally  chartered  colleges  or  universities  having  power 
to  confer  degrees  in  medicine  in  this  Commonwealth  thereby  exempt  from 
examination. 

D,  to  graduates  examined  by  the  board. 

E,  to  non-graduates  examined  by  the  board. 


Notice  of  any  errors  in  the  following  list  should  be  sent  to  the  sec- 
retary of  the  board  at  the  State  House. 


Record  of  those  Registered  by  the  Board  oj  Registration  in  Medicine. 


CKKTinCATK. 


• 

i 
1 

DATB  OF  I88UK. 

*• 

s 

"A 

Day. 

Month. 

Year. 

284 

A 

17 

Oct., 

1894 

1,724 

A 

19 

Nov., 

1894 

2,944 

A 

26 

Dec, 

1894 

376 

A 

19 

Oct., 

1894  , 

2,005 

A 

27 

Nov., 

1894 

1.767 

B 

19 

Nov., 

1894 

1,002 

A 

30 

Oct., 

1894 

2.001 

A 

27 

Nov., 

1894 

3.572 

A 

19 

Jan., 

1895  1 

34 

A 

19 

Oct, 

1894  1 

2,915 

A 

22 

Dec, 

1894  , 

1,094 

A  ' 

31 

Oct., 

1894 

2,800 

A 

22 

Dec, 

1894 

972 

A 

30 

Oct., 

1894  < 

MftO 

B 

26 

Oct., 

1894 

2,398 

A 

8 

Dec , 

1894 

620 

A 

22 

Oct., 

1894 

1,042 

A 

31 

Oct., 

1894 

169 

A 

19 

Oct., 

1894 

1.343 

A 

7 

Nov., 

1894 

2,272 

A 

8 

Dec, 

1894 

2,838 

A 

22 

Dec, 

1894 

3,435 

A 

12 

Jan.. 

1895 

2,967 

A 

26 

Dec, 

1894  1 

2,344 

A 

8 

Dec, 

1894 

90 

A 

19 

Oct., 

1894 

1,452 

A 

7 

Nov., 

1894 

2,239 

A 

4 

Dec, 

1894 

3,566 

A 

19 

Jan., 

1895  . 

945 

A 

29 

Oct, 

1894 

2,261 

A 

8 

Dec, 

1894 

2,940 

A 

26 

Dec, 

1894 

1,714 

A 

19 

Nov., 

1894 

2,503 

A 

10 

Dec, 

1894 

1,480 

A 

7  Nov.. 

1894 

3,625 

A 

19 

Jan., 

1895 

3,343 

A 

8 

Jan., 

1895 

2,217 

B 

6 

Dec, 

1894  , 

3,665 

A 

19 

Jan., 

1895 

1,186 

A 

6  Nov., 

1894 

3,546 

A  1 

15  '  Jan., 

1895  . 

3,076 

A 

28 

Dec  , 

1894  1 

1,366 

A 

7 

Nov., 

1894  ' 

2.433 

A 

8 

Dec, 

1894  i 

2,834 

B 

22 

Dec, 

1894 

117 

B 

16 

Oct., 

1894 

702 

A 

23 

Oct., 

1894  , 

1.045 

A 

31 

Oct., 

1894  ' 

849 

A 

26 

Oct., 

1894 

695 

A  . 

23 

Oct, 

1894  , 

47 

A 

19 

Oct, 

1894  , 

822 

A 

26 

Oct., 

1894 

59 

A 

19 

Oct., 

1894 

2,812 

A 

22 

Dec, 

1894 

Name. 


Residence. 


Abbe,  Alanflon  Joseph, 
Abbe,  Edward  Hooper, 
Abbe,  Edward  Payson. 
Abbot,  Edward  Stanley,     . 
Abbot,  Samuel  Leonard,     . 
Abbott,  Adelaide, 
Abbott,  Charles  Edward,    . 
Abbott,  Charles  Shewell,     . 
Abbott,  Fred  Lincoln, 
Abbott,  Frederick  Wallace, 
Ablx>tt,  John  Hammill, 
Abbott.  Samael  Warren.     . 
Abbott,  Solon, 
Abbott,  Stephen  Wendell,  . 
Abbott,  Sylvina  Apphia,     . 
Abell,  Paul  White,      . 
Achom,  John  Warren, 
Acken,  Thomas  Moore, 
Adams,  Charles  Eli,    . 
Adams,  Charles  Snmner,    . 
Adams,  Edward  Hitchcock, 
Adams,  Edwin  Boardman, . 
Adams,  George  Edwin, 
Adams,  George  Smith, 
Adams,  Henry  Oscar,  . 
Adams,  Herbert  Williams, . 
Adams,  James  Forster  Alleyne, 
Adams,  John  Quincy, . 
Adams,  Wendell  Holmes,   . 
Adams,  Zabdiel  Boylston,  . 
Aheame,  Comelins  Augnstine, 
Ahearne,  Cornelias  Angastine  Jr 
Ahlborn.  Henry  Christian, . 
Aiken.  Frank  Jonathan, 
Ainsworth,  Frank  Henley, . 
Albee,  George  Macdonald, . 
Albee,  George  Sumner, 
Alden,  Flora  Sweet,    . 
Aldrich,  Albert  Clinton,      . 
Aldrich,  Eben  True,    . 
Aldrich,  James  Mott.  . 
Aldrich.  Nathaniel  Borden, 
Alexander,  Clara  Jane, 
Allard,  Frank  Ellsworth,    . 
Allard,  Joseph,     . 
Allen,  Alfred  Morton,. 
Allen,  Carl  Madison,    . 
Allen,  Edwin  Howard, 
Allen,  Emery, 
Allen,  Franklin  Haley, 
Allen,  Gardner  Weld,  . 
Allen,  George  Edwin,  . 
Allen,  Granville  Stevens,  Jr., 
Allen,  Justin, 


Fall  River. 

New  Bedford. 

New  Bedford. 

Somerville. 

Boston. 

Boston. 

Andover. 

Boston. 

Maiden. 

Taunton. 

Fall  River. 

Wakefield. 

Franklin. 

Lawrence. 

Taunton. 

Springfield. 

Boston. 

Boston. 

Taunton. 

Wollaston. 

Plymouth. 

Springfield. 

Worcester. 

Westborongh. 

South  Royalston. 

Boston. 

Pittsfleld. 

Amesbury. 

Kingston. 

Framingbam. 

Lynn. 

Lynn. 

Boston. 

Everett. 

Boston. 

Worcester. 

Hopkinton. 

Boston. 

Somerville. 

Watertown. 

Fall  River. 

Fall  River. 

Boston. 

Boston- 

Fall  River. 

Medford. 

Holyoke. 

Boston. 

Randolph. 

Haverhill. 

Boston. 

Bradford. 

East  Freetown. 

Topsfleld. 
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1T« 

A 
A 

19 

Oct.. 

1894  1 

1894  ' 

Alien,  I^mson 

WorwMer 

l,fl79 

12  ,No»., 

Alien.  Lonis  Edmund. 

Arlington.' 

815 

B 

A 
A 

28    Oct., 
22  ,0«., 
19  '  J>a  , 

1894  1 
1894  1 
1896  1 
1894  1 
1894 

Cambrid^. 
(^BedfKd- 

550 

Allen',  Samuel  Johnson'. 

3,6fiB 

Allen,  Srephan  Arthnr. 

1,S18 

Allen,  ■Wiiilam  Oeorgo. 

MansQeld. 

1,8IS 

A     20  'Nc.»., 

Alien.  Wiiitara  Howard.      .        . 

1  Hanafleld. 

Ml 

A      22  1  Oct., 

1894   :  Amadon.  Aitbur  Frank,     . 

Melrose. 

2.8« 

A     22!  Dec, 

IHfti     AmeiiEC,  Cbatles  Watdtrell.      . 

1  Palmer. 

2.0(7 

A  ,'  30   Not., 

A  ;.  IK  iNo*.. 

1894 

1B94 

Ames,  Charles  Edwin, 

■  Kt 

I^ 

Ames.  John  Lincoln.    .        .        . 

2^78 

A  i    26    Dec, 

1894  1  Ames,  Joseph  Stanford,      . 

Holden 

6se 

A  !,  23  lOct., 

1894  ;  Ames.  Robert  Parker  Man-, 

,  Sprincfield. 

1,832 

A  i   30  iKOT., 

1894     .\mB*bniT.  Ivon  Cuthbett  Raleigh. 

1  Boston. 

1.B36 

A  1    20  lNo»., 

1894  1;  Amesbnrv,  Walter  Kalelgb, 

SotDBrville. 

■2888 
l.«U 

A  ii  13  IDec., 

1H94       *mnrv.  RnlMTt    .... 

BoMon. 

A  :   7  Inot., 
A'!    8  IJ.a.. 

1894 

Shelborae. 

l,36H 

Andrewi.'Bralnard  Alee,    . 

Karere. 

1.892 

A  |,  2     1  Nov., 

1894  1.  Ancirewa,  John  Allen,":       .       . 

Worcerter. 

1,873 

A      1      No»., 

1804  1,  Andrews,  John  Burliank,    . 

Lynn. 

22B6 

A    1    8, '  Dec., 

1894  '  Andrews,  Mary  Annette,     . 
1894    ,  AndrawB.  Wliriaiu  Henrv,  . 

IBOMOD. 

1331 

A  II         INOT.. 

'  Springfield. 

2,863 

A  ..  17  .Dec, 

1894   ,  Angell,  Henry  Clay.    .       . 

:  Boaton. 

870 

A 

22 

Oct., 

1894  ;,  Antbony,  Krancia  \Vayland.       . 

Bndrord. 

3.016 

A 

28 

Dec, 

1894   <  AnthoDv.  Jeremiah  Cbriitopher, 

1  RpriDgSeW. 

888 

A 

27 

1894  :  Applelon.  Lnoy,  .... 

BonoD. 

2,7M 

A 

DecV, 

18D1     ArchambeBolt,  Cbariei  Prandi, . 

,Le«. 

610 

A 
A 

22 
30 

Oct., 

Nov., 

1894 

Arnold.  Horace  David, 

1  Boston. 

2,014 

1894 

Aronowitsch.  Anna,    . 

Boston. 

\,m 

B 

31 

Oct, 

1894 

Aronson,  Harris 

Boston. 

8,290 

A 

Jan., 

Arthnr.  Aia  Adgate,    .        . 

\  HarahtMd. 

1,686 

A 

12 

Nov, 

1894 

AtkicBon.  Liiile  Daniel  Rase,    . 

2,064 

A 

30 

Nov., 

1894 

Aiwater,  James  Billings,     .       . 

weaifield- 

720 

24 

Oct., 

1894 

Atwood,  Albert  Jobn, . 

TownteiHl. 

a,447 

A 

10 

Deo. 

Alwood,  CharlM  Augitstui, 

Taunton. 

372 

A 

19    Oct.. 

1894 

Atwood.  Frank  Sumner,      . 

Salem. 

390 

A 

10    Oct., 

1894 

Alwood,  George  Manley,    . 

Biwifonl. 

3,338 

8  !j«n. 

1895 

Anger,  Adolphe  AlphOQM, . 

Ware. 

"S. 

A 
A 

8     Dec.. 
!  19    Oct., 

1894 
1894 

Anger,  Henri  Michel. 

Uolyoke. 

Anger,  Louis  Lematlrt,       .       . 

2,281 

A 
A 

8    Dec., 

30    Nov., 

1894 
1894 

Angust,  Albert 

Cftrobridgepoti. 

2,048 

Austin,  Arthur  Everett, 

3,623 

B 

16    Jan., 

189S 

Austin,  Charles  Oorham  Stabbs, 

Nantacket. 

496 

19    Oct., 

Austin.  Lewis  King.     .        .        . 

BottOD. 

333 

A 

17    Oct., 

189*   ,  Averill,  Jease  Howes,  . 

1,357 

B 

7  iNov. 

1894    1  Averill,  MeblUble  Merrill, .        . 

Bos  WD. 

m 

19    Oct., 

1894   .  Ayer,  James  Bonni 

.  BoatoD. 

1,502 

A 

7    Nov.. 

1894  :  Ayer,  Silas  Habbard,  . 

iBoalon. 

72 

19    Oct., 

1894  '  Bahbiit,  Henry  Bradford,    .        . 

Boston. 

2,595 

A 

,  13    l>ec.. 

894  i,  Babbitt.  Warren  Morris.     .       . 

i  lUndolpl.. 

1,261 

A 

1    5  INOY., 

891    ,  BabTOck,  Daniel  ArnoW.     .        . 

Fan  River. 

607 

A 

■a  Oct., 

894   1  BabcDck.  Frauds  Lester,     . 

Dadham. 

136 

B 

19    Oct.. 

894    ,  Bacon,  Qrenvilio. 

IBOUOD. 

1,073 

A 

31  1  Oct.. 
1  IB    Jan., 

8'jt 
895 

Bacon.  Jonas  Edward, 

j  Brockton. 

3.6.W 

Bacon.  Josenh  Amhrose  Patrick. 

:  WhiUnsville. 

3,250 

B 

4    Jan., 

895   1  Badger,  OeoVj^e  Aukdsius,  . 

DOBIOD. 

IJJOS 

A 

:  19    Nov., 

1  £■• 

894 

Bailey,  Cliarle? 

,  Plttsfield. 

2^ 

Bailey,  Charles  Hardy, 

Sooth  Ganlner. 

3|l66 

M^ 

_1 

27  lOct., 

1894    '  B^ikK  Qoor?^  Hen'ty."         '.         '. 

|BoWoi;.' 

1895.] 
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CBSTiriCATB. 

• 

d 

DATB  OF  I88DB. 

Name. 

Residence. 

a 

3 

V5 

Day. 
19 

Month. 

' 

Year. 

- 

1.780 

1 
B  1 

Nov., 

1894 

Bailey,  Henry  Flnnimer,    . 

Boston. 

2,133 

A  ' 

80 

Nov., 

1894 

Bailey,  Stephen  Ooodhae,  . 
Bailey,  Wifilam  Henry,      . 

Lowell. 

3,188 

A  i 

4 

Jan-, 

1895 

1  Somerville. 

3,478 

B 

12 

Jan  , 

1895 

Bailey,  William  Howard,    . 

Waltham. 

2,396 

A 

8 

Dec. 

1894 

Baird,  Julian  William, 

Boston. 

3,232 

A 

4    Jan., 

1896 

Baird,  William  Perry, . 

North  borough. 

l,0r)8 

A 

31  'Oct., 

1894 

Baker,  Flint  Almena  Jane, . 

Boston. 

858 

A 

27 

Oct., 

1894 

Baker,  David  Erastus, 

Newtonville. 

3,577 

A 

19 

Jan., 

1895 

Baker,  Frank 

Milford. 

639 

A 

22 

Oct., 

1894 

Baker,  Frederick  Herbert,  . 

Worcester. 

376 

A 

19 

Oct., 

1894 

Baker,  Harry  Beecher, 

Digbton. 

2,666 

A 

17 

Dec, 

1894 

Baker,  Jane  Rogers,    . 
Baker,  Joseph  Calbeck, 

Northampton. 

2,220 

B 

5 

Dec, 

1894 

Boston. 

2,889 

A 

22 

Dec, 

1894 

Baker,  Leland  Madden, 

Lynn. 

474 

A 

19 

Oct., 

1894 

Baker,  Lucius  Willard, 

Baldwinsville. 

985 

A| 

30 

Oct., 

1894 

Baker,  William  Henry, 

Boston. 

2,898 

A 

22 

Dec. 

1894 

Balch,  Franklin  Greene, 

Boston. 

597 

A 

22 

Oct.. 

1894 

Balcom,  George  Franklin,  . 

Worcester. 

3,536 

A 

16 

Jan., 

1895 

Balcom,  Lafayette, 

Brockton. 

1,503 

A 

i    7 

Nov., 

1894 

Baldwin,  Frederick  William, 

Danvers. 

300 

A 

17 

Oct., 

1894 

Baldwin,  Henrv  Cutler, 

Ball,  Charles  Dickens  Evans,     . 

Boston. 

1,792 

A 

19 

Nov., 

1894 

'  Boston. 

3,422 

A 

.  12 

Jan., 

1895 

Ball,  Thomas  Joseph, . 

Chelsea. 

3,437 

A 

1  12 

Jan., 

1895 

Ballance,  William  Pell, 

Boston. 

3,624 

A 

19 

Jan., 

1895 

Ballard,  George  Tyler, 

,  Hampden. 

3,209 

B 

4 

Jan., 

1895 

Ballon,  Henry  Edmund,     . 

I  Boston. 

709 

A 

23 

Oct., 

1894 

Bancroft,  Edward  Erastus, 

1  Wellesley. 

588 

A 

22 

Oct., 

1894 

Bancroft,  George  Andrew,  . 

Natick. 

534 

A 

20 

Oct., 

1894 

Bancroft,  Winfred  Baxter,  . 

Boston. 

773 

A 

24 

Oct., 

1894 

'  Banfield,  Francis  Loring,    . 

Worcester. 

2,813 

A 

22 

Dec, 

1894 

Bangs,  Charles  Howard,     . 

Lynn. 

3,674 

A 

19 

Jan., 

1895 

Bannon,  Bernard  James,     . 

Boston. 

1.033 

A   1  31 

Oct, 

1894 

Barbrick,  John  Fraser, 

Boston. 

898 

A  ,1  27 

Oct., 

1894 

1  Barlbanlt.  William  Alfred, 

Spencer. 

1,177 

A       6 

Nov., 

1894 

Barker,  Emilie  Jones, . 

Wellesley. 

2.516 

A 

.  10 

Dec, 

1894 

Barker,  Frank  Justin, 

Acton. 

1,436 

A 

1    7 

Nov., 

1894 

Barnard,  Eli, 

Spencer. 

2,164 

A 

30 

Nov., 

1894 

Barnard.  Rebecca. 

Worcester. 

2,770 

A 

19 

Dec, 

1894 

Barnes,  Francis  Henry, 

Boston. 

658 

A 

22 

Oct., 

1894 

Barnes,  Francis  John, 

Cambridge. 

930 

A  i 

29 

Oct., 

1894 

Barnes,  Henry  Jabez, . 

Boston. 

209 

A  1 

19 

Oct., 

1894 

Barnes,  Ida  Florence, . 

Beverly. 

1,527 

A  : 

7 

Nov., 

1894 

Barnes,  William  Ellsworth, 

Boston. 

543 

A 

22 

Oct., 

1894 

Barney,  Lucy  Robinson,     . 

Hyde  Park. 

1.326 

A' 

7 

Nov., 

1894 

Barrel,  Joseph  Aladin, 

Fall  River. 

2,267 

A  1 

8 

Dec, 

1894 

Barren,  George  Morton. 

Lynn. 

3,590 

A  II  19 

Jan., 

1895 

Barrett,  William  Marshall, 

Westborough. 

1,904 

A  ji  21 

Nov., 

1894 

Barrows,  William  Ezra, 

Fall  River. 

2,639 

B  li  17 

Dec, 

1894 

Barry,  William  Copinger,  . 

Ashland. 

3,622 

A 

19 

Jan., 

1895 

Barss,  James  Richmond,     . 

Maiden. 

2,027 

A 

30 

Nov., 

1894 

Barstow,  Benjamin  Packer, 

Kingston. 

1,828 

A 

;  20 

Nov., 

1894 

Barstow,  Henry  Taylor, 

Boston. 

2,542 

A 

!  10 

Dec, 

1894  i  Bartlett,  Bei^amin  Webber, 

\  Rowley. 

3.543 

A 

1  15 

Jan., 

1895  |<  Bartlett,  Frederic  Russell,  . 

Stougbton. 

2,675 

B 

17 

Dec  , 

1894  !  Bartlett,  George  Pinkham. . 

Wobuni. 

818 

A 

1  26 

Oct., 

1894  .  Bartlett,  Oliver  Leslie, 

Brockton. 

2,239 

A 

4 

Dec, 

1894   1  Bartlett,  Solon,     .        .        .        . 

Lowell. 

1,090 

A 

31 

Oct., 

1894 

Bartol,  John  Washburn,     . 

Boston. 

2.316 

A 

8 

Dec, 

1894   1  Barton,  Charles  Herbert,    . 

Spencer. 

2,887 

A 

22 

Dec, 

1894  , 

Barton,  Chester  Manley 

Hatfield. 

22 
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CBRnriCATB. 

Name. 

1 

1 

1                                1 

1       DATS  or  I8SUB. 

Bciidencc. 

• 

t  " 



— 

I 

a 

£ 

r>ay. 
30 

Month. 
Nov., 

Year. 
1894 

2,028 

A 

Barton,  Jedediah  Marcos 

Worcester. 

3,729 

B 

28 

Jan., 

1895 

Basford.  James  Lendale 

Warebam. 

1,003 

A 

30 

Oct., 

1894   '  Bass,  William,     .        .        . 

l>owell. 

1,880 

A 

'  21 

Nov., 

1894  ||  Bassett,  Elton  Janaes, 

Taanton. 

2,614 

A  1 

14 

Dec, 

1894     Batcbelder,  Frederick  Prescott,  . 

Boston. 

2,949 

A 

26 

Dec, 

1894   j  Batcbelder,  John  Coach,     .... 

Rockland. 

1,232 

A 

6 

Nov., 

1894     Batcbelder,  Mary  Ann,       .... 

Boston. 

3,252 

A  , 

4 

Jan., 

1895 

Batcbelder,  William  Bnrdett,     . 

Lynn. 

2,699 

A 

17 

Dec, 

1894     Bateroan,  Franic  Elliot,       .... 

Boston. 

566 

A 

22 

Oct.. 

1894 

Bates,  Everett  AlanRon,      .... 

Springfield. 

1,923 

A 

21 

Nov., 

1894     Rattershall,  Joseph  Ward,  .... 

Attleboroogfa. 

1,874 

A 

21 

Nov., 

1894 

Battershall,  Mary  Hannah  Wolfenden, 

AttleboTxmgh. 

1,834 

A  1 

20 

Nov., 

1894  ,'  Baxter,  Edward  Hooker,    .... 

Hyde  Park 

2,106      A  ' 

80    Nov., 

1894   1  Baxter,  John, 

East  Boston. 

2,297 

A 

!    8 

Dec, 

1894   1  Baynum,  Mary  Herrick 

Boston. 

2,192 

A 

30 

Nov., 

1894 

Bazin,  Adelard 

Haverhill. 

1,146 

A 

1 

Nov., 

1894 

Beach,  Henry  Harris  Aubrey,    . 

Boston. 

205 

A 

19 

Oct., 

1894 

Bean.  Charles  Pierce, 

Boston. 

3,653 

A 

19 

Jan., 

1895     Bean,  George  Henry 

Everett. 

3,342 

A 

8 

Jan  , 

1895     Bean,  Jacob  Walter, 

West  Medford. 

3,500 

A 

,  12 

Jan., 

1895     Beane,  Newell  Wesley,       .... 

Wakefield. 

1,427 

A 

7 

Nov., 

1894 

Beatty,  Franklin  Thomason, 

Boston. 

2,276 

A 

8 

Dec, 

1894 

Beauchamp,  Aim6, 

Wlncbendon. 

2,160 

A 

.  30 

Nov., 

1894 

Beauchamp,  Joseph  Octave, 

Chicopee  Falls. 

2,485 

A 

10 

Dec, 

1894 

Beauchamp,  Zenopbide,      .... 

Fitch  barg. 

1,751 

A 

19 

Nov., 

1894   '  Beaodet,  Napoleon 

Fall  River. 

1,104 

A  ! 

31 

Oct., 

1894   1  Beanmont,  William  Shcpard,     . 

Boston. 

3,172 

A  1 

4 

Jan., 

1895 

1  Bedard,  Joseph  Armand,    .... 

Lvnn. 

2,523 

A 

10 

Dec, 

1894 

Beebe,  George  Hatch 

New  Marlboroapb. 

1,011 

A 

30 

Oct., 

1894 

Beebe,  John  Belcher, 

Great  Barringt^jc. 

3,569 

A 

19 

Jan., 

1895 

Beebe,  Richard, 

Alford. 

3,307 

B 

4 

Jan., 

1895 

Beecber,  .John  Asbnry,       .... 

Brockton. 

3,104 

A 

28 

Dec, 

1894 

Beland,  Henry  Severin,       .... 

Hinsdale 

3,280 

A 

4 

Jan., 

1895 

1  Belanger,  David  Simeon,    .... 

Taanton. 

3,563 

A 

19 

Jan., 

1895 

'  Bell,  Cleorge  Parson, 

Three  Rivers. 

1,412 

A 

7 

Nov., 

1894 

Bell,  Homer  Simpson,         .... 

Granby. 

1,110 

A 

31 

Oct., 

1894     Bell,  James  Bacbelder 

Boston. 

934 

A 

29 

Oct., 

1894 

1  Bell,  Robert, 

Med  way. 

1,213 

A 

5 

Nov., 

1894     Bell,  William  Appleton,      .        .        .        . 

Boston. 

699 

A 

23 

Oct., 

1894 

Bellows,  Howard  Perry,     .... 

Boston. 

347 

A 

i  17 

Oct., 

1894 

Belt,  Charles  Bradford 

Boston. 

3,220 

A 

1    4 

Jan., 

1895  1  Bemis,  Charles  Albert,       .... 

West  Med  way. 

1,257 

A 

5 

Nov., 

1894 

Bemis,  Charles  Vose 

Medford. 

2,96(1 

A 

26 

Dec, 

1894     Bemis,  John  Merrick,         .... 

Worcester. 

2,962 

A 

26 

Dec, 

1894 

Bemis,  Merrick, 

Worceibter. 

2,194 

A 

30 

Nov., 

1894 

Bennet.  Bumham  Roswell. 

Tiowell. 

869 

A 

27 

Oct., 

1894     Bennett,  Frederick  Sherwin. 

Boston. 

3,627 

A 

19 

Jan., 

1895 

Bennett,  John  Hillroan,      .... 

Pawtncket,  R,  I. 

3,560 

A 

19 

Jan., 

1895 

Bennett,  William  Henry,    .... 

Fitcbburg. 

611 

A 

22 

Oct., 

1894 

,  Benniit,  Francis  Marion,     .... 

Chioopee. 

2,803 

A 

22 

Dec, 

1894 

'  Benoit,  Benjamin 

Lowell. 

2|380 

A 

8 

LfQCmf 

1894  i'  Benoit,  Louis  Raymond,     .... 

Adams. 

3,585 

A 

19 

Jan., 

1895 

'  Bent,  Gilbert  Wesley  Warren,    . 

Walpole. 

1,773 

B  I 

19 

Nov., 

1894 

1  Bergengren.  Frederick  Wilhelm  Alexis,    . 

Lynn. 

2,337  !   A  1 

8 

Dec, 

1894 

Bergeron,  Francois  de  Borgia,    . 

Fall  River. 

2,439      A  ' 

10 

Dec, 

1894 

Bergeron,  Serapbin  Ensdbe, 

Fall  River. 

48 

B  1 

19 

Oct., 

1894 

Berk  man,  David  Wulf,        .... 

Boston. 

856 

A  ' 

27 

Oct., 

1894 

Bernard,  Barnard  Lecbersack,   . 

Boston. 

838 

A 

26 

Oct., 

1894 

Berry,  Lauriston, 

Chicopee  Falls. 

104 

A 

19 

Oct., 

1894 

Bertram,  William  Henry,  .... 

East  Boston. 

1895.] 
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CnTinoATB. 

Name. 

■ 

• 

DATS  OF  IMUB. 

RMldance. 

a 

a 

i 

1 

Day.;  Month. 

Tear. 

468 

1 
A 

19 

Oct., 

1S94 

Best,  Enoch  George 

Betbune,  Donald  John 

Tamer's  Falls. 

1.304 

A 

7 

Nov., 

1894 

Boston. 

1,633 

A 

15 

Nov., 

1894 

Betts,  Helen  Loretta, 

Boston. 

2,234 

A 

4 

Dec, 

1894 

Blgelow,  Charles  Edwin,     .... 

Leominster. 

438 

A 

19 

Oct., 

1894 

Bigelow,  EnoB  Hoyt, 

Framingbam. 

470 

A 

19 

Oct., 

1894 

Bigelow,  Orvis  Fnrman,      .... 

Amherst. 

1.670 

A  ! 

19 

Nov., 

1894 

Bigelow,  William  Sturgis,  .... 
Bill,  Harriet  Parmenter,      .... 

Boston. 

3,248 

A 

4 

Jan., 

1895 

Waltham. 

854 

A 

26 

Oct., 

1894 

Billings,  William  Chester 

Springfield. 
Fall  River. 

1,4M 

A  1 

7 

Nov., 

1894 

Bilodeau,  Wencelas, 

2,320 

B  1 

8 

Dec, 

1894 

Bingham,  Edna  Melvia,      .... 
Birch,  Sylvanas  Jatkins,     .... 

Springfield. 

1,869 

B  1 

21 

Nov., 

1894 

Orange. 

168 

A 

19 

Oct., 

1894 

Birdseye,  Frederick  Gould, 

Boston. 

538 

A 

20 

Oct., 

1894 

Birge,  Ella  Freeman, 

Provincetown. 

030 

A 

20 

Oct., 

1894 

Birge,  William  Spafard,      .... 

Provlnoetown. 

1,861 

B 

21 

Nov., 

1894 

Birmingham,  Lewis  Haydn, 
Birtwefl,  Charles  Ebenezer, 

Somerville. 

1,641 

A 

15 

Nov., 

1894 

Lawrence. 

1,130 

B 

1 

Nov.. 

1894 

Bishop,  Henry  Earl 

Boston. 

1,129 

B 

1 

Nov., 

1894 

Bishop,  Jane  Emma, 

Boston. 

330 

A 

17 

Oct., 

1894 

Bixby,  Josiah  Feet, 

Wobnm. 

1,937 

A 

21 

Nov., 

1894 

BladEmer,  John, 

Springfield. 

2,647 

A 

17 

Dec, 

1894 

Blackwood-Cbamberlain,  Ellen  Ramsdell, 

Brockton. 

696 

A 

23 

Oct., 

1894 

Blair,  Arthur  Walter 

Boston. 

2,785 

A 

22 

Dec, 

1894 

Blair,  James  Franklin,        .... 

State  Farm. 

2,847 

A 

22 

Dec, 

1894 

Blair,  John, 

Whitman. 

707 

A 

23 

Oct., 

1894 

Blais,  Pierre  Gaspard,         .... 

Lawrence. 

208 

A 

19 

Oct., 

1894 

Blaisdell,  George  Warren,  .... 

Manchester. 

971 

A 

80 

Oct., 

1894 

Blaisdell,  James  Edward,   .... 

Chelsea. 

2,038 

A  ! 

30 

Nov., 

1894 

Blaisdell,  Walter  Channing, 

Boston. 

2,420 

A  , 

8 

Dec, 

1894 

Blake,  Charles  Abbott,       .... 

Bridgewater. 

666 

A  1 

22 

Oct., 

1894 

Blake,  Clarence  John,         .... 

Boston. 

2,188 

A  , 

30 

Nov., 

1894 

Blake,  Harrison  Gray,        .... 

Boston. 

2,733 

A  1 

19 

Dec, 

1894 

Blake,  John  Bapst 

Boston. 

192 

A 

19 

Oct., 

1894 

Blake,  John  George, 

Boston. 

138 

A 

19 

Oct., 

1894 

Blake,  Le  Grand, 

Milford. 

202 

B 

19 

Oct., 

1894 

Blake,  Mary  Jane, 

Boston. 

1,476 

A 

7 

Nov., 

1894 

Blake,  Warren  Perkins,      .... 

Springfield. 

771 

A 

24 

Oct., 

1894 

Blanchard,  Albert  Henry,   .... 

Sherbom. 

1,589 

A 

12 

Nov., 

1894 

Blanchard,  Beigamin  Seaver, 

Brookline. 

3,637 

A 

19 

Jan., 

1895 

Blanchard,  Walter  Irving 

Boston. 

3,281 

A 

4 

Jan., 

1895 

Blanchette,  Alexander 

Northbridge 

1,897 

A 

21 

Nov., 

1894 

Bliss,  George  Danforth 

Boston. 

3,424 

A 

12 

Jan., 

1895 

Bliss,  Wilbur  Howard,        .... 

Fall  River. 

1,265 

A 

5 

Nov., 

1894 

Blodgett,  Albert  George,     .... 

West  Brookfleld. 

1.148 

A 

1 

Nov., 

1894 

Blodgett,  Albert  Novatus,   .... 

Boston. 

2,122 

A 

30 

Nov., 

1894 

Blodgett,  Charles, 

Holyoke. 

6 

A 

13 

Oct., 

1894  , 

Blodgett,  Stephen  Haskell, 

Cambridge. 

2,766 

A 

19 

Dec, 

1894  - 

Blood,  Josiah  Mark, 

Ash by. 

110 

A 

19 

Oct., 

1894  ;,  Blood,  Robert  Allen 

Boston. 

2,214 

A 

4 

Dec, 

1894 

Blossom,  Anne  Moers,        .... 

Attleborough. 

3,415 

A 

12 

Jan., 

1895 

Boardman,  William  Elbridge,    . 

Boston. 

1,518 

A 

7 

Nov., 

1894 

Boardman,  William  Sydney, 

Boston. 

659 

A 

22 

Oct., 

1894 

Boland,  Elisha  Shepherd,   .... 

Boston. 

1,856 

A 

20 

Oct., 

1894 

Bolles.  William  Palmer.     .... 

Boston. 

1,530 

A 

7 

Nov., 

1894  ,  Bolton,  Charles  James,       .... 

Boston. 

1,196 

A 

5 

Nov., 

1894   ;  Bond,  Aaron  John 

Adams. 

2,697 

A 

17 

Dec, 

1894 

Bond,  Sarah  Adams 

Boston. 

780 

A 

26 

Oct., 

1894 

Bond,  Willis  George, 

Revere. 

1,012 

A 

30 

Oct., 

1894 

Bongartz,  Walter  Eugene,  .... 
Boniay,  Josephns  Charles, .... 

Beverly. 
Three  Rivers. 

915 

A 

29 

Oct., 

1894 

24 
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i 

CUTIVIOATB. 

• 

1 

• 

DATK  or  IMUB. 

1 

Nftme. 

SnldeiMP. 

1 

J^4 

1 

Day. 

Month.   Temr. 

1 

113 

A 

19 

Oct., 

1894 

Bonney,  Franklin,      .        .        .        .       * 

Hadley. 

817 

A 

26 

Oct., 

1894 

Boody,  Charles  Hayes, 

Cochitoate. 

168 

A 

19 

Oct., 

1894 

Booth,  Anthony  Francis,    . 

Boston. 

1,973 

A  . 

27 

Nov., 

1894 

Boom,  Auffustus  Keefer,    . 
Booth,  Robert,     . 

Adams. 

1.763 

A 

19 

Nov., 

1894 

Millbnry. 

8,217 

A 

4 

Jan., 

1895 

Bootbby,  Alonzo, 

Boston. 

867 

A 

27 

Oct., 

1894 

!  Borden,  Henry  Francis, 

Brockton. 

3,064 

A 

28 

Dec.. 

1894 

1  Bossidy,  John  Collins, 

Boston. 

845 

A ; 

26 

Oct., 

1894 

Bosworth,  John  William,    . 

Roslindale. 

2,610 

^ 

14 

Dec., 

1894 

Bothfbld,  James  Francis,    . 

,  Westborough. 

3,177 

A 

4 

1 

Jan., 

1895 

Bottomley,  John  Taylor,    . 

Lee. 

3,284 

A  ' 

4 

Jan., 

1895 

Boucher,  George  Alphonse, 

Brockton. 

2,413 

A 

8 

Dec, 

1894 

Boncher,  Joseph  Adelard,  . 
Bough,  Irvin  Gustavus, 

Watertown. 

2,043 

A 

30 

Nov., 

1894 

Boston. 

1,216 

A  1 

5 

Nov., 

1894 

Bonrbonnais,  Hermengilde. 

,  Boston. 

705 

A 

23 

Oct., 

1894 

Bowditcb,  Vincent  Yardley, 

Boston. 

382 

A 

19 

Oct., 

1894 

Bowen,  Charles  Wesley,     . 

Westfieid. 

2,559 

A 

.^2 

Dec, 

1894 

Bowen,  Henry  Charles, 

Springfield. 

3,441 

A 

12 

Jan  , 

1895 

Bowen,  John  Teropleton,    . 

Boston. 

2,150 

A 

30 

Nov., 

1894 

Bowen,  Merritt  Alphonso,  . 
Bowen,  Seabnry  Warren,    . 

ChariemonL 

2,543 

A  , 

10 

Dec, 

1894 

.  Pan  River. 

108 

A 

13 ;  Oct., 

1894 

j  Bowen,  Seranus,  . 

Boston. 

5 

A 

13 

Oct., 

1894 

Bowers,  Walter  Prentice,    . 

Clinton. 

2,079 

A  1 

30 

Nov., 

1894 

Bowker,  Alphonso  Varion, 

Athol. 

89 

A 

19 

Oct., 

1894 

Bowker,  Charles, 

BemardstoD. 

180 

B 

19 

Oct., 

1894 

Bowker,  Horace  Leander,  . 

Boston. 

1,377 

A 

7 

Nor., 

1894 

Bowker,  John  Copps, . 
Bowker,  Samuel  Dawes,     . 

Lawreooe. 

2,203 

B 

5 

Dec, 

1894 

Rowe. 

2,187 

A 

30 

Nov., 

1894 

Bowles,  George  Hall,  . 

Boston. 

1,139 

A 

1 

Nov., 

1894 

Bowles,  Stephen  Wallace,  . 

Springfield. 

3,055 

A 

28 

Dec, 

1894 

Bowman,  Fred  Raymond,  . 

Boston. 

1,135 

A 

1 

Nov, 

1894 

Boyd,  Herbert  Dmmmond, 

Boston. 

1,553 

B 

12 

Nov., 

1894 

Boyer,  Joel 

W.  Boylston. 

3,803 

B 

25 

Mar., 

1895 

Boynton,  Edwin  Moses, 

Fitchbarg. 

2,942 

A 

26 

Dec, 

1894   '  Brace.  George  Welles. 

South  wick. 

3.247 

A 

4 

Jan., 

1895 

Brackett,  Efizabeth  Annastatia, . 

Boston. 

1,475 

A  ; 

7 

Nov., 

1894 

Brackett,  Elliott  Gray, 

Boston. 

834 

A  , 

26 

Oct., 

1894 

1  Brackett,  Humphrey  Fall,  . 

Brighton. 

2,560 

A  ' 

13 

Dec, 

1894 

Bradbury,  Charles  Huntress. 

Somerville. 

1,756 

A 

19 

Nov., 

1894   1  Bradbury,  John  Elmer, 

Rockland. 

2,980 

A 

26 

Dec, 

1894     Bradford,  Gary  Carpenter,  . 

Southbridge. 

882 

A 

27 

Oct., 

1894 

Bradford,  Edward  Hickllng. 

Boston. 

421 

A  ; 

19 

Oct, 

1894 

Bradford,  Henry  Withington,     . 

Boston. 

2,643 

A 

17 

Dec, 

1894 

Bradford,  Oliver  Leach, 

Fitchburs;. 

619 

A 

22 

Oct., 

1894 

Bradley,  Charles  How, 

HaverhiU. 

2,571 

A 

13 

Dec, 

1894 

Bradley,  Charles  Seymour, 

Westborongh. 

3,149 

A 

3 

Jan., 

1895   ;  Bradley,  Hannah  Laura,     . 

Lawrence. 

357 

A 

17 

Oct., 

1894 

'  Bragdon,  George  Albert,    . 

Boston. 

1,628 

^  1 

15 

Nov., 

1894 

Bragg,  Francis  Adelbert,    . 

Boston. 

1,021 

A  1 

30 

Oct., 

1894 

Bramerd.  John  Bliss,  . 

Boston. 

2,329 

A 

8 

Dec, 

1894 

Braird,  William  Henry,      . 

Boston. 

2,381 

A 

8 

Dec, 

1894 

j  Braiey,  Henry  Hudson, 
1  Brande,  Charles  Drake, 

Concord. 

2,201 

B 

5 

Dec, 

1894 

Boston. 

1,423 

A 

7 

Nov., 

1894     Brandt,  William  Eugene,    . 

Boston. 

3,685 

A 

19 

Jan., 

1895   1  Branscomb.  William  Gower, 

New  Bedford. 

1,624 

A 

15 

Nov., 

1894 

Bray,  Amanda  Currier, 

Worcester. 

3,601 

A 

19 

Jan., 

1895 

Bray,  Edward  Van  Denson, 

Fall  River. 

352 

A 

17 

Oct., 

1894 

Brechin,  William  Pitt. 

Boston. 

668 

A 

22 

Oct., 

1894 

Breck,  Samuel,    .... 

Boston. 

957 

A 

30 

Oct., 

1894 

Breck,  Theodore  Frellnghuysen, 

Springfield. 

3,134 

A 

3 

Jan., 

1895  '  Brennan,  John  Joseph,        .... 

Worcester. 

1896.]  PUBLIC  DOCUMENT— No.  56. 

Beeord  of  those  Registered,  etc  —  CoDtmned. 


i 

1 

L.^T.O,»«„. 

n™.. 

Beald^DM. 

1 

^ 

Mo,..h. 

T«tr. 

3,423 

^  I 

12 

Jan., 

1896 

BrCMnham,  Cb&rlea  Wiiion,       .       .        .  |  Weat  Medway. 

m 

A  . 

19 

Oct., 

1894 

Brett,  Frank  Wallace. 

1  Braintree. 

1,110 

A  i 

1 

Not., 

1804 

rales 

3,166 

A  1 

3 

Jan.. 

1896 

Brewater,  Jamea  Barllelt,   . 

Plymouth. 

1G14 

A 

12 

Not., 

1891 

Brewatar,  Mary  Jones, 

Boalon. 

2:219 

A 

Dec. 

1804 

Brick,  FranclB,     . 

Worcetier. 

1,631 

A 

7 

Nov., 

1894 

[  Cohaaaet. 

■2,966 

A 

26 

Dae. 

1894 

Brldgman,  Marcna  Payette, 

1  Brighton. 

675 

22 

Oct., 

Br- —  <■•— lea  Albert, 

Preeuiwn. 

3.196 

12 

Jan., 

1896 

Bi                   ea  Poor.  . 

Boaton. 

107 

19 

Oct., 

1894   ,  B:                   n  Dean,  . 

1,179 

A 

Not.. 

1894   ;B:                     ird  Cornellm.  . 

Boaton. 

1.133 

Not.. 

1894 

Boston . 

i;i«3 

B 

Nov.. 

1894 

B:                   a  Henry, 

MlilTllIe. 

1,406 

A 

7 

Not., 

1894 

B:                   b  Emmona,     . 

BoBlon. 

14 

A 

Ifi 

Oct., 

1894 

B]                   win  Howard,  . 

Boston. 

2,634 

10 

Doc. 

1891 

fl:                   tnk  Fonleile,  . 

1  Sbrewsbnry. 

2,058 

30 

Nov. 

1894 

B                   inklln  WhlllnK. 

iliss 

5 

Nov. 

1SS4 

B:                   blMTd  Hammond, 

Fitchbnrg. 

B06 

26 

Oct., 

1894 

B                   I  Lttcinda,       . 

Tanntoo. 

90S 

A 

27 

1804 

B:                      0,     . 

1  Boston. 

l,fl37 

7 

Nov. 

1891 

BrlBsett.  Henry  Rupert,      . 

Lowell. 

2442 

A 

10 

Dec, 

1S91 

Brock,  Charlea  Fremont,     . 

Walibam. 

3,418 

A 

12 

Jan.. 

1896 

Brockway.  Cbarlea  Henry. 
Broderick,  Thomat  Joseph, 

Worceat«r. 

1,810 

Nov., 

1894 

Boston. 

646 

A 

22 

Oct., 

1891 

Brolddek.  James  P»irick.  . 

Boaton. 

S07 

B 

26 

Oct., 

1B94 

Brooka,  Qeorao  Frederick. . 

Cambridge. 

2,121 

30 

Nov.. 

1894 

Brooks.  Jamea  Fenner. 

1  S.  Atlleborough. 

1,633 

A 

7 

Nov., 

1894  .'  Brooka,  Lanton  Siickiiej.  . 

Sprlngfleld. 

3.231 

Jan.. 

IBOe    1  Brooka,  Samael  Doolitile.  . 

404 

19 

Oct., 

1894    iBiookB,  William  Allen,  Jr., 

1  Boaton. 

2,109 

Not, 

1994    :  BroaBh,  David  Dandle.        . 

■  Boslon. 

1,969 

A 

27 

Not. 

1S94      Brougb,  Frank  Tbomaon,    . 

Camhrldgeport. 

1669 

A 

19 

Nov.. 

1894  ,  Brown,  Alden  Woodbridge, 

Boalon. 

546 

22  1  Oct., 

254 

17  1  OCT., 

1894  1'  Brown,  Antbony  Leopold,  . 

3,634 

A 

19 

Jan., 

1898  1  Brovm,  Charles  RoWnion, 

Lynn. 

3668 

A 

19 

Jan., 

189S   ,  Brown.  Daniel  Eugene, 

Brockton. 

74a 

24 

Ocl., 

S94   !  Brown,  Daniel  Joseph, 

Springfield. 

265 

A 

17 

Oct., 

894   .  Brown.  Edwin  Coleman.     . 

Randolph. 

3,676 

19    Jan.. 

895     BroTui,  Electa  Ann,    , 

Cbelaea. 

3,789 

B 

1    Mar. 

89ft    ■  Brown,  Rugene  Merchants, 

Boston. 

10 

13  ,  Ocl., 

1894   <  Brown,  Francia  Henrr. 

Boston. 

1.244 

A 

ft    Nov.. 

1894  ■'  Brown,  Frank  Byron, 

Boston. 

2,»91 

A 

22 

Dec, 

1894  i;  Brown,  Frederick  Anguelua, 

Webeier. 

1.717 

A 

19 

Nov. 

1891  II  Brown.  GeorRe  Artemas.      . 

Barre. 

2.642 

A 

17 

Dec. 

1891  1   Brown.  Henry  Elenii, 

Leominster. 

3.339 

S 

Jan.. 

ISO.'i      Brown,  Henry  Wliaon, 

FamamsTllle. 

21992 

B 

Dec, 

1894  1  Brown.  Jacob  Walea.  . 

Boston. 

)94 

19 

Oct., 

1894      Brown,  John  Peaslee. 

Tan  n  Ion. 

2,703 

A 

17 

Dec, 

1801     Brown,  Huahall  Lebanon, 

AMslon. 

2  249 

4 

Dec, 

1894      Brown,  Martin  Millard,       . 

Nonh  Actami. 

2,020 

30 

Nov. 

1894      Brown,  Milton  DonRlas.      . 

Boston. 

2,044 

A 

30 

Nov. 

1894  ',  Brown,  Oreate*  Morton.      . 

2.708 

A 

Dec. 

1894    1  Brown,  Orland  Jonas. 

North  Adams. 

3,211       A 

4 

Jan., 

1895   '  Brown,  Plumb.  Jr..     . 

South  M&nchesler. 

1230 

S 

Nov, 

1891     Brown.  Roscoe  EilBworlh.  . 

Everett. 

31670 

A 

10 

Jan.. 

1895     Btown,  Wallais  Everett.     . 

North  Adams. 

1,040 

31  ;  Oct., 

1891  ,1  Brown,  Wilfred  Gardner.    . 

Plymonlh. 

2,99B 

B 

28     Dec. 

1891      Brown,  William  Edward.   . 

North  Adams. 

2,923 

B_ 

^ 

Dec. 

1894      Brown,  William  Franda.     . 

Boaton. 

REGISTRATION   IN   MEDICINE. 


[Jan. 
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Chtukutc 

fr 

1 

»T>» 

MH. 

KUM. 

r«m™. 

1 

dv.'moiiUi 

Tur. 

1894 

2^ 

B 

s 

n«-., 

Brown,  Willtam  Ronald,    . 

Bottoa. 

1» 

N<)», 

1894 

■« 

'in 

18S4 

BrawD.  Windior  Aldrlch,   . 

'  North  Brookfleld. 

A 

Jin 

189a 

Browne,  Percy  Oilben. 

l,77e 

A       19 

1B94 

Browne,  Will  Wurpool,       . 

A     a 

Drr, 

18»4 

Brownell,  De  Elui, 

A         K 

A 

Brownrimt,  John  Sylvcter, 

2,306 

A 

M 

l)flr. 

18M 

Bruce,  Emily  Allen,    . 

I  Roxbary. 

Brace,  Frank  ColvBrd, 

A 

3,712 

19  1  J«D.. 

189S 

I                       Mary  Dorr,  . 

Bo«tod. 

K 

Dfli-. 

1891 

rd  Oilman,    . 

A 

ir> 

Not, 

1894 

Somerrtile. 

A 

?2 

IH94 

DdtoId, 

Cunbridgtport. 

1,09S 

A 

IW., 

1894 

2.«M 

I»flr 

1S04 

Cohauel. 

LWT 

V 

Not 

1894 

lert  Allen.      . 

1  Pall  RlTcr. 

A 

Not 

1B»4 

at  WbIMT,      . 

A 

2 

Dpi-, 

1894 

Jobn,    .        . 

Wartttt. 

103 

19 

(lot 

1894 

Edward  Hanbsl 

■■  Boston. 

1.041 

m 

flrr 

1894 

A    i  22 

1894 

;mj 

Not. 

1SB4 

Boston. 

1,781 

A 

Not. 

1894 

lnllarU,O80rBBEIl,     . 

Blarknooe. 

■M\ 

Not. 

1BB4 

Bullard,  Herbert  Culler,      . 

Buljock.  Oootffi  Deiter,     . 

Weymonth 

2.034 

A 

«i 

Nov. 

1894 

Bardelt,  George  Waihtngton, 

1  Clinton. 

3.787 

H 

1 

Mar. 

Bur  at,  Albert  Ltndsey,    . 

Cambridge. 

A 

Nov. 

18W 

Bnr  B.  Jamei  Joseph. 

A 

30 

Not, 

1894 

Bnrke.  WilHam  Qeorgs,      . 

Boston. 

A 

(Irr, 

1894 

Maiden. 

BnrlelBh.  Frederick  Wing,-. 

j  Fiichbn^. 

A 

11 

189B 

Burnett,  Frank  George, 
Burnett.  Frank  HollTs,        . 

3.849 

A 

)» 

1895 

HaooTer. 

A 

■M 

Ort, 

1894 

Burnett,  Fred  Nelson, .       . 

,  Webster. 

627 

A 

■« 

()M 

1894 

Bnmelt,  Theodore  Cr^td,     . 

1,648 

A 

Nov., 

1894 

Bums,  Hiram  Hulchlus,     . 

1  Athol  Centre. 

497 

1H 

<>rt. 

1894 

Bnrr,  Charles  Henry,  .        . 

Newton. 

29S 

(Irt 

1894 

,  Boston. 

422 

1894 

1.364 

A 

7 

Nov, 

1894 

Burt,  Frank  Leslie,      . 

3.382 

S    Jan., 

1B9« 

Burtch,  Harry  MBrraln.       . 

,  Salisbury.  Coaa- 

Burton,  Ctiarlei  William,    . 

3,400 

Burton,  Stephen  Caspar,     . 
Bu9h,  Jobn  Slandish  FoMer, 

I  Piltsfleld. 

A 

■a 

Ort., 

1894 

1.95ft 

■n 

Not 

1894 

Rnshnell,  Homer.        .        . 

North  Adams. 

1,783 

H 

IH 

Nov 

Botlon. 

3,720 

W 

Butler,  Jobn  Edward, . 

*l 

im. 

BnUer.  Wlothrop, 

Tiabnry. 

1895.] 
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Ckrtificatb. 

• 

i 

DATK  OF  I880B. 

Name. 

Residence. 

a 

9 

'A 

Daj. 
31 

1 

'  Month. 

Year. 

1 

1 

1 

gton. 

1.070 

A 

Oct., 

1894 

Batterfleld.  Geoive  Washin 

Ashland. 

2,899 

A 

22 

Dec, 

1894 

Bazxell,  Daniel  Thompson, 

Wilmington. 

130 

A 

19 

Oct, 

1894 

Bycbower,  Victor, 

Boston. 

1,691 

A 

'  19 

Nov., 

1894 

Cabana,  Louis  Victor, 

Fall  River. 

3,317 

A 

,    4 

Jan., 

1895 

Cabot,  Arthur  Tracy,  . 

Boston. 

556 

A 

22 
30 

Oct., 

1894 

Cabot,  Richard  Clark, 

Waltham. 

2,102 

A 

Nov., 

1894 

Cahill,  Charles  Sumner. 

Cambridgeport. 

255 

A 

!  17 

Oct., 

1894 

Cahill,  Eliza  Buckman, 

Boston. 

3,040 

A 

2M 

Dec, 

1891 

Cabill,  George  Stephen, 

South  Medford. 

491 

A 

19* 

Oct., 

1894 

Caiger.  Albert  Edward, 

Boston. 

377 

A 

;  19 

Oct., 

1894 

Cain,  Willie  George,    . 

Cambridge. 

3,161 

A 

3 

Jan., 

1895 

Calder,  James  Squair, . 

Lynn. 

2,538 

A 

10 

Dec, 

1894 

Calderwood.  Samuel  Herbert,     . 

Boston. 

488 

A 

1  19 

Oct, 

1894 

Calkins,  Barry  Howes, 

Boston. 

1,645 

A 

!  15 

Nov., 

1894 

Calkins,  Cheney  Hosmer,    . 

Springfield. 

2,165 

A 

i  30 

Nov., 

1894 

Calkins,  Marshall, 

Springfield. 

1,989 

A 

27 

Nov., 

1894 

Call,  Emma  Louisa,    . 

Boston. 

2,852 

A 

i  22 

Dec, 

1894 

Callanan,  Sampson  Aloysius, 

Boston. 

1,882 

A 

21 

Nov., 

1894 

Callender,  Charles  Harlow, 

New  Boston. 

2,998 

A 

28 

Dec, 

1894 

Cameron,  Ewan, 

Boston. 

2.455 

A 

10 

Dec, 

1894  ! 

Camp,  Charles  Wei  ford,     . 

North  Canaan. 

1,099 

A 

31 

Oct., 

1894 

Camp,  Mary  Augusta, 

Boston. 

1,010 

A 

30 

Oct, 

1894 

Camp,  Samuel,     . 

Great  Barrington. 

3,179 

A 

4 

Jan., 

1895 

Campbell,  Fidelia  Green,    . 

Rozbury. 

3,732 

B 

11 

Feb., 

1895 

Campbell,  Henry  French,   . 

Belmont. 

3,782 

B 

1 

Mar., 

1895 

Campbell,  James  Parker,    . 

Georgetown. 

2,424 

A 

8 

Dec, 

1894 

Campbell,  Patrick  Henry,  . 

Boston. 

586 

A 

1  22 

Oct., 

1894 

Canedj,  Francis  Joel.  . 

Shelbume  Falls. 

885 

A 

i27 

Oct., 

1894 

Canedy,  Fred  Snow,    . 

Winchester. 

1,155 

A 

'    6 

Nov., 

1894 

Cangiano,  Marco  Antonio,  . 

Boston. 

3,090 

B 

.  28 

Dec, 

1894 

Canning,  John  Francis, 

Boston. 

2.487 

A 

10 

Dec, 

1894 

Cannon,  David  Howland, 

Mattapolsett. 

"2,738 

A 

;  19 

Dec, 

1894 

Capen,  Samuel  Ross,  . 

Hopkinton. 
Fall  River. 

3,451 

A 

12 

Jan., 

1895 

Capen,  Thomas  Allyn, 

1,917 

A 

21 

Nov., 

1894 

Card,  Frank  Edwin,    . 

North  Adams. 

3,404 

A 

10 

Jan., 

1895 

Carleton,  Francis  Boyd, 

Boston. 

2,919 

A 

22 

Dec, 

1894 

Carleton,  Ralph,  . 

South  Boston. 

1,906 

A 

21 

Nov., 

1894 

Carleton,  Charles  Green  leaf, 

Lawience. 

2,293 

A 

8 

Dec, 

1894 

Carleton,  Charles  Horace,  . 

Boston. 

1,692 

A 

19 

Nov., 

1894 

Carleton,  Elizabeth  Abtmtt, 

Boston. 

2,609 

A 

i  14 

Dec, 

1894 

Carlton,  Charles  Augustus, 

Salem. 

1,934 

A 

21 

Nov., 

1894 

Carmichael,  John  Hosea,    . 

Sprincrfield. 
Lowell. 

3,433 

A 

12 

Jan., 

1895 

Carolln,  William  Terence,  . 

1.123 

A 

1 

Nov., 

1894 

Carpenter,  Charles  Ormando,     . 

Holyoka. 

942 

A 

29 

Oct., 

1894 

Carpenter,  Edward  Annon, 

Cambridge. 

1,463 

B 

7 

Nov., 

1894 

Carpenter,  George  Clifton,  . 

Lowell. 

1,949 

A 

27 

Nov., 

1894 

Carpenter,  Helen  Braddock, 

Boston. 

3,330 

B 

8 

Jan., 

1895 

Carpenter,  Julia  May.. 

Boston. 

1,464 

B 

7 

Nov., 

1894  ; 

Carpenter,  Mary  Adelaide, . 

Lowell. 

1,781 

B 

19 

Nov., 

1894  1 

Carpenter,  Sylvester  Stiles, 

• 

Boston. 

86 

A 

19 

Oct., 

1894 

Carpenter,  William  Henry, 

Brookline. 

2,445 

A 

10 

Dec, 

1894     Carr,  Frank  Fletcher,  . 

Cambridge. 

1,681 

A 

19 

Nov., 

1894  '  Carr,  Lacv  Stearns,     . 

Brockton. 

2,751 

A 

19 

Dec, 

1894 

Carr,  Walter  Sherman, 

.    North  Adams. 

1,288 

B 

7 

Nov., 

1894 

Carroll,  Elizabeth  Minnette 

f       • 

.    Boston. 

792 

A 

26 

Oct., 

1894 

Carroll,  Francis  Edward,    . 

.    Boston. 

2,793 

A 

22 

Dec, 

1894 

Carroll,  John  Aloysius, 

Worcester. 

2,620 

A 

1  14 

Dec, 

1894  '  Carroll,  Thomas  Francis,    . 

. 

Newton. 

2,747 

A 

'  19 

Dec , 

1894  '  Carroll.  William  Edward,  . 

Taunton. 

1,178 

A 

.    5 

Nov., 

1894 

Carruth,  Sidney  Stetson,     . 

Chelsea. 

3,743 

A 

111 

Feb., 

1895 

Carson,  Paul 

Boston. 

28 
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CsSTiriCATS. 


a 

s 

2,553 
3,338 
1,028 
3,797 

668 
2,603 
2,718 
3,575 
2,438 
2,084 
1,634 
2,663 

878 
8,741 
2,524 
2,353 
1,870 

434 
1,577 
1,433 
2,139 
1,564 
2,343 
3,238 
1,764 
2,870 
3,414 
3,325 

582 
2,654 
2,867 

561 
1,621 
1,039 
3,542 
1,925 
2,961 
2.131 

309 

3,386 

3 

3.363 

2,126 

511 

777 

576 
2,193 

222 
2,125 
1.587 
2,273 

669 
2,448 
2,429 
1,392 

951 

444 

445 
1,036 

660 
1,220 


DATS  OF  IMUB. 


g 

o 

A 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 

i 

A  ' 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 


Day.  I  Month. 


13 
10 
31 


1 
22 
14 
17 
19 

8 
30 
15 
17 
27 
11 
10 

8 
21 
19 
12 

7 

30 
12 

8 

4 
19 
22 
12 
28 
22 
17 
22 
22 
12 
31 
15 
21 
26 
30 
17 

8 
13 

8 

30 
19 
26 
22 
30 
17 
30 
12 

8 
22 
10 

8 

7 
29 
19 
19 
31 
22 
30 


Dec., 
Jan., 
I  Oct.. 
,  Mar., 
,  Oct., 
Dec, 
Dec, 
Jan., 
Dec, 
Not., 
Nov., 
Dec, 
Oct., 
Feb., 
Dec, 
Dec, 
Nov., 
Oct., 
Nov., 
;  Nov., 
Nov., 
Nov., 
Dec, 
Jan., 
Nov., 
Dec, 
Jan., 
Dec, 
Oct., 
Dec, 
Dec, 
Oct., 
Nov., 
Oct., 
Jan., 
Nov., 
Dec, 
Nov., 
Oct., 
Jan., 
Oct., 
Jan., 
Nov., 
Oct., 
Oct., 
Oct., 
Nov., 
Oct., 
Nov., 
Nov., 
Dec, 
Oct., 
Dec, 
Dec, 
Nov., 
Oct., 
Oct., 
I  Oct., 
I  Oct., 
i  Oct., 
'  Nov, 


Nunc. 


1894 
1895 
1894 
1895 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894  ,' 

1895 .; 

1894  i; 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1895 

1894 

1894 

1895 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1895 

1894 

1894 

1894 

1894 

1895 

1894 

1R95 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 


Carter,  Frank  Henry, . 
Carter,  Mills  Olcott,    . 
Carter,  Robert  Llndsey, 
Carver,  Ichabod, . 
Carvlll,  AlphonzD  Holland, 
Castle,  James, 
Cate,  George  Rllej,     . 
Cavana/cb,  Walter  James, 
Celce,  Frank  Frederick, 
Celoe,  Jean  Henriette, 
Chadbonrne,  Arthur  Patterson, 
Chadbonrne.  Francis  Watts, 
Chadwick,  James  Bead, 
Chagnon.  Charles  Emlle,    . 
Chagnon,  Joseph  Samuel,   . 
Chaffnon,  Winceslas  John  Baptiste, 
Chaiifauz,  Joseph  Herm^negilde, 
Chalmers,  Robert, 
Chamberlain,  Cjrns  Nathaniel, 
Chamberlain,  George  Felton, 
Chamberlain,  George  Washington, 
Chamberlain,  Mjron  Leon, 
Chamberlain,  William  Eugene, 
Chamberlin,  Edward  Henrj, 
Chamberlin,  James  Prescott, 
Champlin,  Martha  Godfrey, 
Chandler,  Henry  Beckles, 
Chandler,  Ira, 
Chandler,  Luther  Graves, 
Chandler,  Norman  Fitch, 
Channing,  Walter, 
Chapin,  Delia  Lucretia, 
Chapin,  Frederic  Wilcox, 
Chapin,  Walter  Henry, 
Chapman,  Charles  Ratchford, 
Chapman,  Frank  Bowditch, 
Charbonnean,  Joseph, . 
Charbonneau,  Oliver,  . 
Charles,  Orlando  Warrington, 
Chase,  Arthur  Brown, 
Chase,  Augustus  Lucius, 
Chase,  Charles  Edmund, 
Chase,  DeForest  Woodruff, 
Chase,  Eli  Ayer,  . 
Chase,  Henry  Melville, 
Chase,  Heman  Lincoln, 
Chase,  Herbert  Augustus, 
Chase,  Hiram  Luce,     . 
Chase,  Horace,     . 
Chase,  Irah  Eaton, 
Chase,  John  Wiuslow, 
Chase,  Joseph,  Jr., 
Chase,  Richard  Fitch, 
Chase,  William  Bradley, 
Cheever,  Clarence  Alonxo, 
Chcever,  David  Williams, 
Chenery,  Elisha, . 
Chenery,  William  Elisha, 
Cheney,  Frederick  Edward, 
Cheney.  Oscar  Dustin, 
Cherrington,  LeRoy  Jones, 


Residence. 


Melrose. 
Lowell. 
New  Bedford. 
.  Plymoath. 
Boston. 
Lynn. 
Haverhill. 
Boston. 
Uolyoke. 
Holyoke. 
Boston. 
Lowell. 
Boston. 

Warwick,  R,  I. 
Southbridge. 
Fall  River. 
Haverhill. 
Wobam. 
Lawrence. 
Brimfield. 
Springfield. 
Boston. 
Rutland. 
Chelmsford. 
South  Weymoatb. 
Brookllnc 
Boston. 

South  DaxbuiT. 
Townsend. 
Medford. 
Brookline. 
Springfield. 
Springfield. 
Springfield. 
Lowell. 
Middleton. 
Worcester. 
Worcester. 
BryantviUe. 
Lynn. 
Bandolph. 
Wobnni. 
Boston. 
Brockton. 
Lawrence. 
Boston. 

Cambridgeport. 
Cambridge. 
Boston. 
Haverhill. 
Dedham. 
East  Weymouth. 
BostOD. 
Swampsoott. 
Mattapan. 
Boston. 
Boston. 
Boston. 
Boston. 
Haverhill. 
Salem. 


1895.] 
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Cbktificatk. 

OATB  or  IB8UK. 

••* 

a 

s 

Day. 
20 

Month. 

Year. 

1,821 

B 

Nov., 

1894 

3,498 

B 

12 

Jan., 

1896 

2,544 

A 

10 

Dec., 

1894 

430 

A 

19 

Oct., 

1894 

688 

A 

23 

Oct, 

1894 

3,597 

A 

19 

Jan., 

1895 

984 

A 

30  ,  Oct.. 

1894 

2,9.% 

A 

26 

Dec, 

1894 

1,730 

A 

19 

Not., 

1894 

599 

A 

22 

Oct., 

1894 

2,782 

A 

22 

Dec, 

1894 

763 

A 

24 

Oct, 

1894 

761 

A 

24 

Oct, 

1894 

3,191 

A 

4 

Jan., 

1895 

735 

A 

24 

Oct., 

1894 

1.569 

A 

12 

Nov, 

1894 

3,801 

B 

25 

Mar., 

1895 

741 

A 

24 

Oct., 

1894 

3,195 

A 

4 

Jan., 

1896 

221 

A 

17 

Oct.. 

1894 

140 

A 

19 

Oct., 

1894 

1,378 

A 

7 

Nov., 

1894 

3,643 

A 

19 

Jan., 

1895 

1,383 

A 

7 

Nov., 

1894 

680 

A 

22 

Oct., 

1894 

2,925 

A 

22 

Dec, 

1894 

3,109 

A 

28 

Dec, 

1894 

3.007 

A 

28 

Dec, 

1894 

2.903 

A 

22 

Dec, 

1894 

2.345 

A 

8 

i-^ec  , 

1894 

2,999 

A 

28 

Dec, 

1894 

629 

A 

22 

Oct., 

1894 

2,212 

A 

4 

Dec, 

1894 

796 

A 

26 

Oct., 

1894 

3,258 

A 

4 

Jan., 

1895 

2,902 

A 

22 

Dec, 

1894 

3,654 

A 

19 

Jan., 

1895 

2,616 

A 

14 

Dec, 

1894 

3,440 

A 

12 

Jan., 

1896 

3,652 

A 

19 

Jan., 

1896 

3,026 

A 

28 

Dec, 

1894 

1,092 

A 

31 

Oct., 

1894 

132 

A 

19 

Oct., 

1894 

2,684 

A 

13 

Dec, 

1894 

2,583 

A 

13 

Dec, 

1894 

2.230 

A 

4 

Dec, 

1894 

2,260 

A 

8 

Dec, 

1894 

746 

A 

24 

Oct., 

1894 

1,931 

A 

1  21 

Nov., 

1894 

601 

B 

22 

Oct., 

1894 

325 

A 

17 

Oct., 

1894 

1,064 

A 

31 

Oct., 

1894 

936 

A 

29 

Oct., 

1894 

656 

A 

22 

Oct., 

1894 

3.2o3 

A 

4 

Jan., 

189.5 

1,6.^1 

A 

15 

Nov., 

1894 

268 

A 

17 

Oct., 

1894 

271 

A 

17 

Oct., 

1894 

1,227 

A 

5 

Nov., 

1894 

465 

A 

19 

Oct., 

1894 

3.025 

A 

28 

Dec, 

1894 

Name. 


RcBidenoe. 


Cheny,  James  B , 
Chick,  William  Harrison, 
Child,  Edward  Moses, 
Childs,  Helen  Simonds, 
Chipman,  Anna  Mary, 
Chipman,  William  Reginald, 
Chirur^,  Michael, 
Chisholm,  William  James, 
Chisholm,  William  Parmer 
Choate,  David,     • 
Cbnbbnck,  Sasana  Abbie, 
Church,  Adaline  Barnard, 
Church,  Benjamin  Taylor, 
Charch,  Herbert  Ashley, 
Cilley,  Daniel  Plumer, 
CUIey,  Orran  George,  . 
Claflin,  Anna  Frances, 
Clancy,  William  Henry, 
Clapp,  Frank  Horace, 
Clapp,  Herbert  Codman. 
Clapp,  James  Wilkinson, 
Clark,  Caleb  Wakefield, 
Clark,  Clinton  Dewey, 
Clark,  David, 
Clark,  George  Henry,  . 
Clark,  George  Stillman, 
Clark,  Homer, 
Clark,  Henry  Frederick, 
Clark,  James  Colby  Dorr, 
Clark,  James  Samuel, 
Clark,  John  Marther,  . 
Clark,  Joseph  Eddy,  . 
Clark,  Joseph  Leonidas, 
Clark,  Julius  Stimpson, 
Clark,  Leonard  Brown, 
Clark,  May  Chadboum, 
Clark,  Seth  Corbin,     . 
Clark,  Sidney  Avery, . 
Clark,  Stephen  Wilson, 
Clark,  Theodore  Wright, 
Clark,  Walter  Thomas, 
Clark,  William  Henry, 
Clarke,  Augustus  Peck, 
Clarke,  Edith  Leavitt, 
Clarke,  Edwin  Augustus, 
Clarke,  George  Clarendon, 
Clarke,  George  Salisbury, 
Clarke,  Henrv  Little,  . 
Clarke,  Israel  James,  . 
Clarke,  John  Henry,    . 
Clarke,  Joseph  Payson, 
Clarke,  Louis  Henry,  . 
Clarke,  Maurice  Dwight, 
Clarke,  Mortimer  Hall, 
Clarke,  William  Crocker, 
Clarke- Westergren,  Frances 
Cleaves,  James  Edwin, 
Clement,  George  Colburn, 
Clement,  George  Wilmot, 
Clement,  Lydia  Ramsdell, 
Clement,  Thomas  Runnells, 


Boston. 
Boston. 
Florence. 
Janmica  Plain. 
Boston. 
Chelsea. 
Boston. 
Springfield. 
Brockton. 
Salem. 

•New  Bedford. 
Boston. 
Winchester. 
Canaan,  Conn. 
Westborough. 
Boston. 
Attleborough. 
Cambridge. 
North  Grafton. 
Boston. 
Brookline. 
Holbrook. 
Haverhill. 
Springfield. 
Holyoke. 
Worcester. 
Woilaston . 
Portsmouth,  N.  11. 
Charlestown. 
Westfleld. 
North  Adams. 
Medford. 
Fitchbnrg. 
Melrose. 
Waverly. 
Charlestown. 
Melrose. 
Northampton. 
Lynn. 
Everett. 
Worcester. 
Ipswich. 
Cambridge. 
Westborough. 
Westborough. 
East  Douglas. 
East  Leverett. 
Welleslev  Hills 
Haverhill. 
Boston. 
Boston. 
Holyoke. 
Haverhill. 
Anburndale. 
Somervlllc. 
Boston. 
Medford. 
Haverhill. 
Boston. 
Brookline. 
Osterville. 
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Record  of  those  Registered^  etc,  —  Continued. 


CStTinOATK. 


i 

DATB  OP  ISSrS. 

• 

1 

( 

1 
1 

a 

£ 

Daj.  Month. 

Year.  ! 

3,509 

A 

12 

! 

Jan.,  1896  , 

638 

A 

22 

Oct.,  1894  1 

282 

A 

17 

Oct.,  1894  ' 

3,529 

B 

16 

Jan.,  1895 

2,242 

A 

4 

Dec,  1894 

1.616 

A 

12 

Nov.,  1894 

906 

A  1 

27 

Oct.,  1894 

2,567 

A 

13  Dec,  1894  : 

3,036 

A 

28 

Dec,  1894 

1,267 

A  1 

5 

Nov.,  1894  , 

657 

A 

22 

•Oct ,  1894  1 

312 

A  , 

17 

Oct.,  1894  ' 

1,611 

A  • 

12 

Nov.,  1894  , 

1,686 

A  ! 

19 

Nov.,  1894  , 

779 

A 

26 

Oct.,  1894  1 

2,814 

A 

22 

Dec,  1894 

3,470 

A 

12 

Jan..  1895  i 

3.183 

A  ; 

4  Jan.,  1895  i 

889 

A  1 

27 

Oct.,  1894 

2.268 

A  1 

8 

Dec,  1894 

3.205 

A 

4 

Jan.,  1896 

3.039 

A 

28 

Dec,  1894  '< 

436 

A 

19 

Oct..  1894  . 

3,002 

A  1 

28 

Dec.  1894  < 

2.681 

A  > 

17 

Dec,  1894  : 

1,744 

A.  1 

19 

Nov.,  1894 

1,939 

A  1 

21 

Nov.,  1894  1 

3,119 

A  , 

28 

Dec, '  1894 

2.016 

A  ! 

30 

Nov.,  1894  ' 

646 

A 

22 

Oct ,  1894 

199 

A 

19 

Oct.,  1894  1 

704 

A 

23 

Oct, 

1894  1 

3,607 

A  > 

19 

Jan., 

1895  ' 

67 

A 

19 

Oct.,  1894 

715 

A  ' 

:  24 

Oct.,  1894  ' 

1.451 

B  : 

7 

Nov.,  1894  i 

3,632 

A  ; 

19 

Jan., 

1895  1 

173 

A 

19 

Oct., 

1894  , 

1.837 

A 

20 

Nov., 

1894  , 

315 

A 

!  17 

Oct., 

1894 

3,012 

B 

|28 

Dec,  1894  il 

2.727 

A 

1  19 

Dec, 

1894  1 

855 

A 

26 

Oct.,  1894 

2.760 

A 

19 

Dec,  1894 

2,053 

A 

30 

Nov.,  1894 

2.190 

A 

30 

Nov.,'  1894 

2,270 

A 

,  8 

Dec,  1894 

1,932 

A 

21 

Nov.,;  1894 

508 

A 

19 

Oct., 

1894 

3,121 

A 

28 

Dec, 

1894  , 

1,386 

A 

,  7 

Nov., 

1894  • 

2,549 

A 

'  13 

Dec, 

1894 

3,093 

B 

;  28 

Dec, 

1894 

1,207 

A 

>  0 

Nov., 

1894 

1.915 

A 

1  21 

Nov.. 

1894 

2,216 

A 

i  5 

Dec, 

1894  , 

258 

A 

17 

Oct., 

1894  , 

1,007 

A 

30 

Oct., 

1894 

2,391 

A 

8 

Dec, 

1894 

2,327 

A 

8 

Dec, 

1894 

Name. 


Residence. 


Cliff.  Leander  Albert,  . 
Clock.  Frank  Benson, 
Clough,  Benjamin  Franklin, 
C lough,  Charles  William, 
Clootier,  Felix  Joseph, 
Coady,  Patrick  Francis, 
Cobb.  Albert  Crocker, 
Cobb,  Carolus  Melville, 
Cobb,  Charles  Henry, 
Cobb,  Farrar  Crane.    . 
Cobb,  Frederic  Cod  man, 
Cobb,  Harriet  H'niges, 
Cobnm,  George  Albert, 
Cobnm,  Henry  Harrison. 
Cobam,  William  Franklin, 
Cochran,  George  Back, 
Cochran,  William  James, 
Cochrane.  John  McGregor, 
Cooke,  James  Richard, 
Codding,  Edwin  Hayden, 
Cody.  Edmond  Francis, 
Coffin,  Arthar  Baylies, 
Coffin,  John  Lambert, 
Coffin,  Juliet  Evelyn,  . 
Cogan,  Joseph  Ambrose, 
Coggin,  David,     . 
Coghlan.  John  Nichols, 
Coggswell,  George  Badger. 
Cogswell,  Charles  Frederick, 
Cogswell,  Charles  Hale, 
Cogswell,  Edward  Russell, 
Cogswell,  George  Proctor. 
Cogswell,  William,  Jr., 
Colby.  Edward  Porter, 
Colby,  Edwin  Alonzo, 
Colby,  Sarah  Ann. 
Colcord,  Daniel  Webster, 
Cole.  Charles  Higgins, 
Cole,  David  Smalley,  . 
Cole,  Ralph  Marcus,   . 
Cole,  Stillman  Asbary, 
Cole,  William  Ezra,    . 
Coleman,  EUenwood  Banker, 
Collamore,  Francis,     . 
Collet,  Peter  Achille  Anaclet. . 
Collier.  Lawrence  Henry  Go<*dwin, 
Collins,  David  Aloysios, 
Collins,  Edgar  Clarence, 
Collins,  Orville  William, 
Collins,  William  Droien, 
Colt,  Henry, 
Colton.  John  Jay, 
Colvin,  William  Henry. 
Combs,  Ijcander  Warren, 
Comey,  Perley  Pierce, 
Comtois.  Odilon  Joseph, 
Conant,  Thomas, 
Conant,  William  Merritt. 
Cone,  Dwigbt  Eleazer, 
Congdon,  Lennier, 


Boston. 

Lexington. 

Worcester. 

Conway. 

Holyoke. 

Newton. 

Southampton. 

Wakefield. 

Boston. 

Bostoo. 

Boston. 

Cambridge. 

Cambridge. 

Everett. 

Everett. 

Hudson. 

Natick. 

Somerrille. 

Boston. 

Somerville. 

Boston. 

Boston. 

West  Medibffd 

Boston. 

Boston. 

Salem, 

Holyoke. 

North  EastoD. 

Brooklfaie. 

Boston. 

Cambridge. 

Cambridge. 

Boston. 

Wakefield. 

Gardner. 

Boston. 

Seabrook,  N. 

Milfoid. 

Wakefield. 

Boston. 

Boston. 

Worcester. 

Nantucket. 

Pembroke. 

Fall  lUver. 

Boston. 

Boston. 

Springfield. 

Fraroingham. 

Haverhill. 

Pittsfield. 

Lowell. 

Lawrence 

Becket. 

Clinton. 

Holyoke. 

GloQcester. 

Boston. 

Fall  River. 

Springfield. 


H. 
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CunncAn. 


I 

o 


o 


3,OfiO 

3.700 

66 

1,323 

2.707 

1,691 

2.918 

416 

1.46S 

392 

346 

2,477 

2,275 

1.901 

25 

2,476 

2,519 

1,879 

92 

655 

736 

1.749 

1,162 

1,536 

1,938 

165 

3,660 

276 

3,351 

2,633 

1,639 

1,731 

3,187 

2.358 

3,106 

3,053 

2,637 

1,556 

2,167 

3.314 

1.009 

169 

3,143 

2.382 

1.613 

1.087 

386 

2,546 

2.252 

3.088 

690 

79 

2,807 

1,546 

1,809 

748 

622 

167 

185 

1,801 


A 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 


DATS  OF  IMDK. 


Daj. 


Month. 


Year. 


28 
19 
19 

7 
17 
19 
22 
19 

7 
19 
17 
10 

8 
21 
19 
10 
10 

7 
19 
22 
24 
19 

5 

7 

21 
19 
19 
17 

8 
14 
15 
19 

4 

8 
28 
28 
10 
12 
30 

4 
30 
19 

3 

8 
12 
31 
19 
10 

4 
28 
23 
19 
22 
12 
19 
24 
22 
19 
19 
19 


Dec, 
Jan., 
Oct, 
Nov., 
Dec, 
Not., 
Dec, 
Oct., 
Nov., 
Oct, 
Oct., 
Dec, 
Dec, 
Nov, 
Oct., 
Dec, 
Dec, 
!  Nov., 
I  Oct., 
;  Oct, 
Oct., 
Nov., 
Nov., 
Nov.. 
Nov., 
Oct., 
Jan., 
Oct., 
Jan., 
Dec, 
Nov, 
Nov., 
Jan., 
Dec, 
Dec, 
Dec, 
Dec, 
Nov., 
Nov., 
Jan., 
Oct., 
Oct., 
Jan., 
Dec, 
Nov., 
Oct., 
Oct., 
Dec, 
Dec, 
Dec, 
Oct., 
Oct., 
Dec, 
Nov., 
Nov., 
Oct., 
Oct., 
Oct., 
Oct., 
Nov.. 


1894 

1895 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1895 

1894 

1895 

1894 

1894 

1894 

1895 

1894 

1894 

1894 

1894 

1894 

1894 

1895 

1894 

1894 

1895 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1394 

1894 

1894 

1894 

1894 


Name« 


Conlan,  Thomas, 
Conlon.  Andrew  Aloyslns, . 
Conn,  Henry  Leon, 
Connell,  Arthur  Irving, 
Connell,  Charles  Walter, 
Connors,  Wlliett  Spnrgeon, 
Conroy,  Peter  John,    . 
Constans,  Frank  Elmore,   . 
Control  Paolfique, 
Conway,  James  Henry, 
Cook,  Charles  Henry, 
Cook,  Ooorge  Andrews, 
Cook.  Mabell  Melissa. 
Cooke,  Snow  Parker  Freeman, 
Coolidge,  Algernon,  Jr., 
Coolidge,  David  Ooldtbwait, 
Coolidge,  John  Nelson, 
Coon.  Marion, 
Cooper,  Almon,  . 
Cooper,  Charles  Wendell,   . 
Cooper,  Herraon, 
Copeland,  Charles  Ward,    . 
Copeland,  Elmer  Humphrey, 
Copeland,  Horatio  Franklin, 
Copeland,  William  Henry, 
Copp,  Owen, 
Corcoran,  Lnke,  . 
Corey,  Francis  Edwin, 
Corliss,  Oscar  Lnzerne, 
Combloom,  Charles,   . 
Cornish,  Aaron,  . 
Cornish.  Theodore  Ossood, 
Corrlgan,  John  Patrick, 
Cote.  Camille,      . 
Cotterell,  Samnel  Parker, 
Cotton,  Frederic  Jay,  . 
Conch.  John  Francis,  . 
Couch,  Joseph  Daniel, 
Couch,  William  Anthony, 
Conghlin,  John  William, 
Couillard  Pierre  Leonard, 
Councilman,  William  Thomas, 
Courtney,  Joseph  William, 
Cousens,  Nicholas  William, 
Couture,  Michael  Horatins, 
Cowden.  J.  Morrow.  . 
Cowles,  Edward. 
Cowles.  Frank  Augustus. 
Cowles,  Fred  Waterman, 
Cowles,  Si^oumey  Trask, 
Cowles,  William  Norman, 
Coy,  Erastus  Calhoun, 
Coy,  Seth  Willard,      . 
Crabtree,  Addison  Darre. 
Cragln,  Franciff  Milton, 
Craig,  Daniel  Hiram,  . 
Craigin,  George  Arthur, 
Cram,  John  Wesley,    . 
Crane,  George  Walker, 
Crawford,  Charles  Henry. 


Reiidcnoe. 


Brockton. 

Worcester. 

Hyde  Park. 

Fall  River. 

Fall  River. 

Everett. 

Everett. 

Brockton. 

Lowell. 

Wobum. , 

Natick. 

Miller*s  Falls. 

Fitchbnrg. 

Gloucester. 

Boston. 

Orange. 

Leicester. 

Boston. 

Brookline. 

Northampton. 

Amesbury. 

Fall  River. 

Northampton. 

Whitman. 

Boston. 

Taunton. 

Springfield. 

Westborough. 

Sharon. 

Cambridgeport. 

New  Bedford. 

Boston. 

Pawtucket.  R.  I. 

Marlborough. 

Boston. 

Boston. 

Somerville. 

Cambridge. 

Somervilie. 

Fall  River. 

Manchaug 

Boston. 

Roxbury. 

Waltham. 

Boston. 

Boston. 

Somervilie. 

Beverly. 

Boston. 

Westfield. 

Ayer. 

Montague  City. 

East  Boston. 

Hyde  Park. 

Norwood. 

Provinceiown. 

Boston. 

Colrain. 

Foxborongh. 

Lawrence. 


I 
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Record  of  those  Regi$lered,  etc.  —  Ck»ntiDoed. 


CSBTiriOATX. 

aauB. 

i 

• 

g 

DATS  OV  I 

Name. 

R«tiileD€c. 

1 

Daj. 

Month. 

Tear. 

1,664 

A 

10 

Not., 

1894 

Crawford,  John  William.    .               .        .  i  Lawrence. 

1,286 

A 

0 

Nov., 

1894 

Crawford,  Sarah  Marcy. 

.  '  Boston. 

803 

A 

26 

Oct., 

1894 

Crisand.  Carl, 

.     Worcester. 

3,383 

A 

8 

Jan., 

1896 

Croaciier,  Anna  Wood. 

.     New  Bedfonl. 

487 

A 

19 

Oct., 

1894 

>  Crocker.  Benton  Palsifer,  . 

.    Hyannis. 

2.176 

A 

30 

Nov., 

1894 

Crocker,  John  Myrick, 
Crocker.  Snsan  £lizabeth,  . 

.    Cambridge. 

1,292 

A 

7 

Not., 

1894 

.  1  Boaton. 

360 

A 

17 

Oct.. 

1894 

Crocker,  Wlllard  Crafts.     . 

Foxborougb. 

669 

A 

22 

Oct, 

1894 

Crockett,  Engene  Anthony. 

Boston. 

3,784 

B 

1 

Mar., 

1895 

Crockett,  Fred,    . 

Boston. 

640 

A 

22 

Oct.. 

1894 

Crockett,  Frederick  Eugene. 

.     West  Newtoo. 

1,936 

A 

21 

Nov.. 

1894 

Cronin.  Uenrv  William,     . 
Cross,  Grace  Ella, 

.    MUlbury. 

839 

A 

26 

Oct., 

1894 

.  ;  Boston. 

236 

A 

17 

Oct., 

1894 

Cross,  Hiram  Bliss,     . 

Boston. 

3.872 

A 

8 

Jan., 

1896 

Crossman,  Frank  Albert,    . 

Roxbury. 

1,128 

A 

I 

Nov. 

1894 

Croston,  John  Francis, 

Haverhill. 

614 

A 

22 

Oct., 

1894 

Crowell,  Samoel, 

.    Boston. 

1.238 

A 

6 

Nov., 

1894 

Crowell,  Willis  B.,      . 

.    Boston. 

3.162 

A 

3 

Jan., 

1896 

Crowley,  Jeremiah  Francis, 

.  j  Springfield. 

2.820 

B 

22 

t^oc.. 

1894  ; 

Crownlnshield,  Phoebe, 

Onset. 

1.940 

A 

27 

Nov., 

1894 

Crosier.  Thomas. 

Cbarlestown. 

3.669 

A 

19 

Jan.. 

1895 

Cnlbert,  Robert  Ronayne,  . 

.  .  Boston. 

992 

A 

80 

Oct., 

1894 

Cnlbertson,  Emma  Valeria  P.  B 

•» 

Boston. 

2,092 

A 

30 

Nov.. 

1894 

Culver,  Jane  Kendrick. 

•        • 

Boston. 

1.443 

A 

7 

Nov., 

1894 

Cummings,  Charles  Steams. 

.  1  Middleboroofh. 

1.811 

A 

20 

Nov.. 

1894 

Cnmmings,  Edwin  Francis, 

.  >  Revere. 

2.943 

A 

26 

l^OC., 

1894 

Cummings,  Irving  Oscar,    . 

.    Brewster. 

2.964 

A 

26 

Dec, 

1894 

Cnmmings,  Maria  Louisa,  . 

Boston. 

3.243 

A 

4 

Jan., 

1896 

Cummings.  Michael  Aloysius, 

.    Fall  River. 

2.142 

A 

30 

Nov., 

1894 

Cummings.  Mott  Alvah,     . 

.     Winchester. 

1.804 

B 

19 

Nov, 

1894 

Cnmmings,  Wlllard  Corydon, 

.    Swampsooit. 

94 

A 

19 

Oct., 

1894  1  Cnmston,  Charles  Greene,  . 

.     Boston. 

3.683 

A 

19 

Jan., 

1895  ;i  Cnndall.  Charles  Carol, 

Pairbaven. 

2.821 

B 

22 

Dec., 

1894  ; 

Cnneo,  Augustus, 

North  Adams. 

3.486 

A 

12 

Jan., 

1895  ! 

Cunningham.  Benjamin  Frasier. 

Gloucester. 

3,036 

A 

28 

Dec, 

1894  1 

Cunningham,  Joseph  Henry, 

..  !  Cambridgeport- 

361 

A 

17 

Oct., 

1894 

Cunningham.  Thomas  Edward. 

Cambridge. 

2,145 

A 

30 

Nov., 

1894 

Curran,  Charles  Henry. 

.     Holyoke. 

1,954 

A 

27  , 

Nov., 

1894 

(/urran,  Charles  James, 

North  Adam  4. 

486 

A 

19 

Oct., 

1894 

Currie,  John  Zebulon, 

Cambridge. 

210 

A 

19 

Oct., 

1894 

Currier,  Mary  Barnard, 

Somenrille. 

2,947 

A 

26  . 

Dec , 

1894 

Currier,  May  Carrie.   . 

.    Newburvport 

2.716 

A 

*7  , 

Dec. 

1894  ;'  Carrier,  William  Hale, 

.     Piitsfleld. 

3,379 

A 

8 

Jan., 

1896 

Curtis,  Francis  George, 

.  '  West  Newton 

2.021 

A 

30  ' 

Nov., 

1894 

Curtis,  Hall 

.     Boston. 

1,573 

A 

12  ' 

Nov., 

1894 

Curtis  Henry  Fuller.  . 

Boston. 

2.866 

A 

n 

Dec, 

1894 

Curtis.  John  Benedict. 

.    Somerriile. 

3,409 

A 

12 

Jan.. 

1896 

Curtis,  Lucian  Willis. . 

.    Globe  Village. 

233 

A 

17 , 

Oct., 

1894 

Cushing.  Alvln  Mathew,     . 

Springfield. 

1,369 

A 

7  ' 

Nov., 

1894 

Cushing,  Ernest  Watson.    . 

Boston. 

3,723 

A 

28  , 

Jan., 

1895 

Cushing,  Eugene  Bonapart, 

.    Lynn. 

881 

A 

27  . 

Oct., 

1894 

Cushing.  Hayward  Warren. 

.     Boston. 

3,194 

A 

4 

Jan . 

1896 

Cushing,  Henry  Joseph, 

.    Merrimac 

269 

A 

17 

Oct., 

1894 

Cushing.  Ira  Barrows, 

.     Brookljne. 

326 

A 

17 

Oct., 

1894 

Cushing,  Joseph  Whitney. . 

.     Brook  line. 

1,032 

A 

31 

Oct., 

1894 

Cushing.  Oliver  Femald,     . 

.    Boston. 

362 

A 

17 

Oct., 

1894 

Cusbman.  Andrew  Bernard. 

.    South  DartDhXtil) 

1,843 

A 

20 

Nov, 

1894 

Cushman,  George  Thomas. 

Boston. 

842 

A 

26 

Oct.. 

1894 

Cusbman.  Thaddeus  Thompson, 

Randolph. 

3,521      A 

14 

Jan., 

1896 

Cushman,  William  Baxter.        .       .        .  j  Oxford. 

1 

1895.] 
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CBHTiriOATB. 

»: 

DATK  OF  ISflUB. 

% 

S 



*• 

^ 

Daj. 

Month. 

Year. 

1,650 

A 

15 

Nov., 

1 

1  1894 

2,741 

A 

19 

Dec., 

1894 

2,066 

A 

30 

Nov., 

'   1894 

768 

A 

24 

Oct., 

1894 

3.215 

B 

4 

Jan., 

1895 

1,637 

A 

16 

Nov., 

1894 

2,009 

A 

27 

Nov., 

1894 

9 

A 

13 

Oct., 

1894 

988 

A 

30 

Oct.. 

1894 

950 

A 

,  29  ;  Oct., 

1894 

2,096 

A 

30 

Nov., 

1894 

3,638 

A 

19 

Jan., 

1895 

1,474 

A 

7 

Nov., 

1894 

1,338 

A 

7 

Nov., 

1894 

2,680 

A 

17 

LrvC., 

1894 

713 

A 

24 

Oct., 

1894 

923 

A 

29 

Oct., 

1894 

3,042 

A 

28 

Dec, 

1894 

3,041 

A 

28 

Dec, 

1894 

1,986 

A 

27 

Nov., 

1894 

2,166 

A 

30 

Nov., 

1894 

816 

A 

26 

Oct., 

1894 

1,526 

A 

7 

Nov., 

1894 

3,654 

A 

16 

Jan., 

1895 

3,096 

A 

28 

Dec, 

1894 

1,621 

A 

7 

Nov., 

1894 

2,228 

A 

4 

Dec, 

1894 

1,352 

A 

7 

Nov., 

1894 

1,091 

A 

31 

Oct., 

1894 

2,340 

A 

8 

Dec, 

1894 

1,138 

A 

'  1 

Nov., 

1894 

870 

A 

27 

Oct., 

1894 

3,402 

A 

10 

Jan., 

1895 

2,948 

A 

>  26 

Dec, 

1894 

55 

A 

19 

Oct., 

1894 

3,138 

A 

3 

Jan., 

1895 

609 

A 

22 

Oct., 

1894 

1.105 

A 

31 

Oct., 

1894 

2,278 

A 

8 

Dec, 

1894 

1,263 

A 

5 

Nov., 

1894 

1,185 

A 

5 

Nov., 

1894 

162 

A 

19 

Oct., 

1894 

63 

A 

19 

Oct., 

1894 

1,109 

A 

31 

Oct., 

1894 

216 

A 

17 

Oct., 

1894 

800 

A 

26 

Oct., 

1894 

281 

A 

1  17 

Oct.. 

1894 

3,082 

A 

28  Dec, 

1894 

1,341 

A 

7  Nov., 

1894 

1.048 

A 

31 

Oct., 

1894 

2,871 

A 

22 

Dec, 

1894 

2,811 

A 

22 

Dec, 

1894 

329 

A 

17 

Oct., 

1894 

1,759 

h 

19 

Nov., 

1894 

2,626 

A 

14 

Dec, 

•1894 

2,692 

A 

17 

Dec, 

1894 

1,672 

A 

19 

Nov., 

1894 

2,388 

B 

8 

x/ec. 

1894 

2,684 

A 

17 

Dec, 

1894 

1,049 

A 

31 

Oct., 

1894 

Name. 


Reaidenoe. 


Cutler,  Cecil  Stevens,  . 
Cotler,  Charles  Lewis,  Jr., 
Cutler,  Edward  Roland, 
Cutler,  Elbridge  Oerry, 
Cutler,  Oeorge,    . 
Cutler,  James  Tucker, 
Cutler,  William  Bullard, 
Cutler,  William  Clark, 
Cutter,  Charles  Kimball, 
Cutter,  Edward  Jones, 
Cutter,  Epbraiqu. 
Cutter,  John  Ashburton, 
Cutter,  John  Clarence, 
Cutts,  Harry  Madison, 
Daieneault,.  Joseph  Arthur, 
Daily,  John  Wesley,    . 
Dake,  Dumont  Charles, 
Dakin,  Edward  Arthur, 
Dakin,  Mary  Anna  Dorgan, 
Dale,  John  Lombard, . 
Dale,  Mary  Phvlinda, 
Daley,  Robert  Nicholas, 
Daly,  Bernard  Thomas, 
Daly,  James, 
Daly,  Richard  Francis, 
Dam,  Alvah  Morton,  . 
Damon,  Arthur  Lewylenn, 
Damon,  Newcomb  Lincoln, 
Dane,  John, . 

Daniels,  Edward  William, 
Daniels,  Edwin  Alfred, 
Darling,  Charles  Balfour, 
Darling.  Eugene  Abraham, 
Darrah,  Rufus  Elmer, 
Davenport,  Bennett  Franklin, 
Davenport,  Charles  Albert, 
Davenport,  Francis  Henry, 
Davidson,  Kallman  Meyer, 
Davie,  Charles  Herbert, 
Davis,  Andrew  Jackson, 
Davis,  Bessie  Delano, . 
Davis,  Charles  Henry, 
Davis,  Edward  Parker, 
Davis,  Ella  Maxflold, . 
Davis,  Frank  Stewart, 
Davis,  Franklin  Jerome, 
Davis,  Frederick  Augustus, 
Davis,  Frederick  Augustus, 
Davis,  Nathan  Johnson, 
Davis,  Roland  Augustus, 
Davis,  3amnel  Alonzo, 
Davis,  Samuel  Thomas, 
Davis,  Wesley,  . 
Davis,  William  Everett, 
Davis,  William  Philip, 
Dawes,  William  Greenleaf, 
Day,  Clarence  Currier, 
Day,  Henry  Bailey,  . 
Deal,  Edward  Edwin, . 
Deal,  Oeorge  Francis, 


Northampton. 

Marlborough. 

Waltham. 

Boston. 

Boston. 

Boston. 

Boston. 

Chelsea. 

S<Hnerv111e. 

Leominster. 

Boston. 

Boston. 

Worcester. 

Boston. 

Holyoke. 

Boston. 

Boston. 

Ashmont. 

Ashmont. 

Springfield. 

Greenfield. 

Boston. 

Boston. 

Lowell. 

Boston. 

Boston. 

North  Wilbraham. 

Boston. 

Boston. 

Boston. 

Boston. 

Wobum. 

Cambridge. 

Boston. 

Waltham. 

Worcester. 

Boston. 

Boston. 

Scituate  Centre. 

Boston. 

Cambridge. 

Worcester. 

Philadelphia,  Pa. 

Holyoke. 

Qulncy. 

Saugus. 

Boston. 

Boston. 

Somerville. 

Boston. 

Boston. 

Orleans. 

Worcester. 

Springfield. 

North  Reading. 

Boston. 

Newburyport. 

Boston. 

Maiden. 

Boston. 
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CXBTIflOATB. 

Name. 

1 

n 

DATE  OF  I88UB. 

Baslileiiee. 

1 

Day.  Montb 

1         1 

.  Tear. 

2,624 

A 

14 

Dec,    1894 

De  Amezaga,  Onaltiero,      .... 

Boston. 

980 

A 

30 

Oct., 

1894 

Deane,  Adams  Calhoun,      .... 

Greenfield. 

361 

A 

17 

Oct., 

1894 

Deane,  Asabel  Sumner,      .... 

Taunton. 

124 

A 

19 

Oct., 

1894 

Deane,  Ebenezer  Alexander, 

Montague. 

3,701 

A 

19 

Jan.,    1895 

Deane,  Henry  Augustus,     .... 

Easthampton. 

1.750 

A 

19 

Nov.,|  1894 

Deane,  James  Robinson,     .... 

\  Newton  liighl'ds. 

l.a56 

A 

31 

Oct.,  1  1894 

Deane,  Wallace  Harlow 

Blandford. 

1,062 

A 

31 

Oct .     1894 

Deans,  Herbert  Clair. 

Boston. 

1,479 

A 

7 

Nov.,   1894 

Dearborn,  Alvab  Berton,    .... 

Somerrille. 

129 

A 

19 

Oct., 

1894 

Dearborn,  John  George.      .... 

Boston. 

1,619 

A 

12 

Nov., 

1894 

Dearborn.  John  ^enry,       .        .        .        . 

Beverly. 

3,667 

A 

19 

Jan., 

1895 

Dearborn,  Reuben  Fletcher, 

Lynn. 

654 

A 

22 

Oct, 

1894 

Dearing,  Henry  Lincoln,     .... 

Braintree. 

118 

A 

19 

Oct., 

1894 

Dearing,  Howard  Summer, 

Boston. 

1,428 

A 

7 

Oct., 

1894 

Dearing.  Thomas  Haven,    .... 

Braintree. 

1,266 

A 

5 

Nov., 

1894 

De  Beer,  Johannes  Benedict  David.    . 

Boston. 

22 

A 

19 

Oct., 

1894 

De  Blois,  Thomas  Amory, 

Boston. 

3.159 

A 

3 

Jan., 

1896 

Dedrick,  Albert  Clinton,      .... 

Fall  Rirer. 

1,513 

A 

7 

Nov., 

1891 

Deehan,  Peter  Eugene,        .... 

Defriey,  WUIUm  Peabodv, 

De  Grandpr^,  Louis  Phillippe,    . 

Boston. 

2,853 

A 

22 

Dec, 

1894 

Brookline. 

2,374 

A 

8 

Dec, 

1894 

Fall  River. 

2,711 

A 

17 

Dec, 

1894 

Dehn,  Edward  William,      .... 

New  Bedford. 

1,614 

A 

7 

Nov., 

1894 

De  la  Granja,  Edward,       .... 

Boston. 

1,960 

A 

27 

Nov., 

1894 

Delahanty,  William  Joseph, 

Deland,  Charles  Airmet,      .... 

Worcester. 

270 

A 

17 

Oct., 

1894 

Warren. 

1.909 

A 

21 

Nov., 

1894 

De  Langle.  Charles  Petit,    .... 

Lynn. 

3.332 

A 

8 

Jan., 

1895 

Delano,  Marcus  F 

Sandwich. 

3,058 

A 

28 

Dec, 

1894 

Delano,  Samuel 

Boston. 

2,952 

A 

26 

Dec, 

1894 

De  Laval-Tbyemay,  Melville  Endore  Forbin 
De  Liguori,  uiovanbattista. 

Marlboroagh. 

1.772 

A 

19 

Nov., 

1894 

Hartford,  Conn. 

1,548 

A 

12 

Nov., 

1894 

Delisle,  Joseph  Damase 

Lowell. 

2,704 

A 

17 

Dec. 

1894 

De  Lue,  Frederick  Spaulding,     . 

Boston. 

2,013 

A 

30 

Nov., 

1894 

Dembo,  Fanny, 

Boston. 

3,285 

A 

4 

Jan., 

1895 

Denig,  Blanche  Alpine,       .... 

Boston. 

38 

A 

2 

Nov., 

1894 

Denkinger,  Joseph  Anton,  .... 

Boston. 

3.320 

A 

4 

Jan., 

1895 

Dennett,  George  William,    .... 

Sberbom. 

3,122 

A 

28 

Dec, 

1894 

Dennett,  John  Jr 

Boston. 

2,271 

A 

8 

Dec, 

1894 

Dennis,  James  Henry,        .... 

Worcester. 

3,176 

A 

4 

Jan., 

1896 

Denny,  Harry  Ernest,         .... 
De  Normandie,  My  re,        .... 

Boston. 

266 

A 

17 

Oct., 

1894 

Boston. 

2,206 

B 

4 

Dec, 

1894 

Derby,  Emma  Angeline,     .... 

Boston. 

415 

A 

19 

Oct., 

1894 

Derby,  Hasket, 

Boston. 

93 

A 

19 

Oct., 

1894 

Derby,  William  Parsons,    .... 

Boston. 

2.037 

A 

30 

Nov., 

1894 

Deroin,  Francis  Xavier,      .... 

Chicopee. 

2,911 

B 

22 

Dec, 

1894 

Desmarais,  Joseph 

Lawrence. 

1,561 

A 

12 

Nov., 

1894 

Desmario.  Joseph  Henry,    .... 

Three  Rivers. 

1,298 

A 

7 

Nov., 

1894 

Desnoyers,  Dontagne, 

Fall  River. 

2,368 

A 

8 

Dec, 

1894 

Desrosiers.  Louis  Amedie,  .... 

West  Warren. 

649 

A 

22 

Oct., 

1894 

D^sy,  Oustave, 

Boston. 

3,249 

A 

4 

Jan., 

1896 

Dever,  Charles  Edward,      .... 

Boston. 

776 

A 

26 

Oct., 

1894 

Devereanx,  Jane  Smith,      .... 

Marblebead. 

274 

A 

17 

Oct., 

1894 

Devine,  William  Henry,     .... 

Boston. 

986 

A 

30 

Oct., 

1894  ' 

Dewey,  Charles  Gipson,      .... 

Somerville. 

3,117 

A 

28 

Dec, 

1894 

Dewey,  David  Robert,         .... 

North  Adams. 

204 

B 

19 

Oct., 

1894 

Dewey,  Joseph  Willard,      .... 

Dedham. 

1,683 

A 

12 

Nov.. 

1894 

Dewin,  Peter  John, 

Marlboroagh. 

631 

A 

22 

Oct.,     1894 

Dewis,  John  William,         .... 

Boston. 

3,397 

A 

10 

Jan.,     1895 

Dewolf,  Edward  Gardner 

Boston. 

657 

A 

22 

Oct.. 

1894 

Dexter,  Ella  Louisa,    ..... 

Boston. 

3,570 

A 

19 

Jan., 

1895 

Dexter,  Franklin, 

Beverly. 

1895.] 
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CERTiriCATB. 


186 

215 

832 

2.783 

2,206 

3.062 

2.286 

1.455 

1.580 

1,740 

1,477 

716 

749 

1,557 

1,601 

1,650 

3,101 

458 

706 

2,236 

3.087 

1,701 

287 

1,051 

928 

277 

1,145 

3,365 

2,712 

449 

3,443 

3,591 

545 

956 

3,484 

1,431 

2,649 

911 

1,875 

182 

2,410 

1,623 

1,333 

2.869 

3,454 

1.403 

542 

751 

737 

1,419 

101 

1,184 

3,073 

1,468 

3,674 

3.453 

981 

2,172 

1.567 

2,436 


« 

B 

o 
Em 


A 

A 

B 
A 
A 
A 
A 
A 
A 


A 

A 

A 

A 

A 

A 

A 

A  < 

A 

B 

B 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 


DATB  OF  I88UK. 


Day. 


Month. 


Year. 


19 
17 
26 
22 

4 
28 

8 

7 
12 
19 

7 

24 
24 
12 

7 
12 
28 
19 
23 

4 
28 
19 
17 
31 
29 
17 

1 

8 
17 
19 
12 
19 
22 
30 
12 

7 

17 
29 
21 
19 

8 
12 

7 

22 
12 

7 

20 
24 


A  :  24 
A  I  7 
A  !  19 
5 


28 
7 
19 
12 
30 
30 
12 
8 


Oct., 

Oct.,  ' 

Oct., 

Dec, 

Dec, 

Dec, 

Dec, 

Nov., 

Nov., 

Nov., 

Nov., 

Oct., 

Oct., 

Nov., 

Nov., 

Nov., 

Dec, 

Oct, 

Oct., 

Dec, 

Dec, 

Nov., 

Oct., 

Oct., 

Oct., 

Oct., 

Nov, 

Jan., 

Dec. 

Oct., 

Jan  , 

Jan., 

Oct., 

Oct , 

Jan., 

Nov., 

Dec, 

Oct., 

Nov., 

Oct., 

Dec, 

Nov., 

Nov., 

Dec, 

Jan.,  I 

Nov.,i 

Oct., 

Oct., 

Oct., 

Nov., 

Oct., 

Nov., 

Dec, 

Nov., 

Jan., 

Jan., 

Oct., 

Nov., 

Nov., 

Dec, 


1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1895 
1895 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1895 
1894 
1894 
1894 
1894 


Name. 


Dickerman,  Lemnel,    . 
Dickerman,  Silas  Barnet,    . 
Dickins,  Job  Byron  Marcus, 
Dickinson,  Charles  Henry, . 
Dickinson,  Harvey  Middleton, 
Dillon,  Tliomas  Joseph  Bennett. 
Dimock,  Daniel  Wright, 
Dinenson,  Abraham  Isaac, 
Dion,  Thomas  Joseph, 
Dlonne,  Louis,     . 
Dionne,  Louis  Edward, 
Disbrow.  Robert. 
Disney,  Frank  Arundel  EHas, 
Dixon,  Joseph  Henry, 
Dixon,  Lewis  Seaver,  . 
Dixon,  Robert  Brewer, 
Dixwell,  John,     . 
Doane,  George  Washington 
Doble,  Ernest  Edgar,  . 
Dodge,  Edgar  Simon,  . 
Dodge,  Fred  Wilder,   . 
Dodge,  William  Wooldredge, 
Doggett,  Frederick  Fobes, 
Doberty.  Charles, 
Dolan.  William  Andrew, 
Dolloff,  Albert  Simeon, 
Doloff,  Eugene  Malcom, 
Donahue,  Hugh, . 
Donnelly,  John  Bernard, 
Donoghue,  Francis  Dennis, 
Donovan,  Benedict. 
Donovan.  Henry  Vincent, 
Dorcey,  James  Edmund. 
Dorion,  Louis  Philippe  Ad6iard, 
Dorman,  Daniel  Webster, 
Dorr,  Charles  Alonzo, 
Dorval,  Tancr6de  Cesaire, 
Douglas,  Charles  Joseph, 
Douglass,  John  Abbott, 
Dow,  Edwin  Scott, 
Dow,  G«orge  William, 
Dow,  James  Arthur,    . 
Downey,  Charles  John, 
Downs,  Harry  Ashton, 
Doy,  Wilberforce  Clarkson 
Doyle,  Daniel  Patrick, 
Drake,  Arathena  Blanca, 
Drake,  Norman  Lncca, 
Drake,  William  Abram, 
Draper,  Frank  Eugene, 
Draper,  Frank  Winthrop, 
Draper,  Joseph  R utter. 
Dresser,  George,  . 
Drew,  Frances  Harriet, 
Drew.  Frank  Haynes. 
Drew,  Frederick, 
Drew,  Maria  Emma,    . 
Driscoll.  Thomas  Daniel, 
Driver,  Stephen  William, 
Drown,  Edward  Pay  son. 


Kosidonco. 


Foxborough. 

Abington. 

Newbury  port. 

Northampton. 

Springfield. 

Brighton. 

Brockton. 

Boston. 

West  Quincy. 

Springfield. 

North  Brookfield. 

Boston. 

Melrose. 

Holyoke. 

Boston. 

Boston. 

Boston. 

Ilyannis. 

Boston. 

Natick. 

Norwood. 

Boston. 

Boston. 

Boston. 

Pall  River. 

Beverly  Farms. 

Rock  port. 

Haverhill. 

West  Gardner. 

Boston. 

Brockton. 

Lawrence. 

Boston. 

Haverhill. 

Winthrop. 

Hingbam. 

Oakdale. 

Boston. 

Amesbury. 

Boston. 

Lawrence. 

Cambridge. 

Mittineague. 

Somerville. 

West  Hingham. 

Boston. 

Boston. 

New  York.  N.Y. 

N.  Weymouth. 

N.  Attleborough. 

Boston. 

Boston. 

Chicopee. 

Lowell. 

Shelburne  Falls. 

Boston. 

Quincy. 

Lawrence. 

Cambridge. 

Maiden. 
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CnririoATC. 


I 

a 

a 

2,419 

3,091 

62 

1,415 

102 
2,486 
3.503 
2,071 
3,329 

000 
1,481 
l,fl04 
1,805 
2,482 
3,458 
1^79 
43 

717 
3,163 

621 
3,802 
2,906 
1.971 
2,7n 
1,499 
1,020 
1,260 
1,158 
1,768 
2,861 

382 
2,801 
1,313 

289 
1,841 

144 
3,828 

966 
1,241 
1,326 
1,160 
2,719 

131 
2,691 
3,623 
2,920 
1,876 
3,659 
2,743 

514 
3,740 
1,478 

151 
1,944 

163 
2,310 
3,315 
2,168 

873 

391 
3,651 


DATE  or  IMDB. 


t 

B 

o 
6t, 


Name. 


Residence. 


Day. 


Month.  Year. 


A 

8 

Dec., 

1 

A 

19 

Jan., 

1 

A 

19 

Oct., 

1 

A 

7 

Not.,  1 

A 

19 

Oct.,  :  1 

A 

10 

Dec,  1 

A 

12 

Jan.,  1 

A 

30 

Not.,  I 

B 

8 

Jan.,  1  1 

A 

19 

Oct.,  i  1 

A 

7 

Not.,  1 

A 

7 

N0T.,|  1 

A 

19 

Not.,'  1 

A 

10 

Dec,  1  1 

A 

12 

Jan.,  1 

A 

21 

Not.,  1 

A 

19 

Oct.,  1 

A 

24 

Oct.,  1 

A 

8 

Jan.,  1 

A 

22 

Oct.,  1 

B 

25 

Mar., 

1 

A 

26 

Dec,i  1 

B 

27 

Not.,  1 

A 

19 

Dec,  1 

A 

7 

Not., 

1 

A 

80 

Oct, 

1 

A 

5 

Not..  1 

A 

5 

Not.,  1 

A 

19 

Not.,  1 

A 

22 

Dec, 

1 

A 

17 

Oct., 

1 

A 

22 

Dec, 

1 

A 

7 

Not., 

1 

A 

17 

Oct.,  1 

A 

20 

Not.,  1 

B 

19 

Oct.,  1 

B 

8 

Jan.,  1 

A 

30 

Oct., 

A 

5 

Not., 

A 

7 

Not., 

A 

5 

Not., 

A 

17 

Dec, 

.A  , 

19 

Oct., 

B 

17 

Dec, 

A 

19 

Jan., 

A 

22 

A^ec, 

A 

21 

Not., 

^  1 

19 

Jan., 

A  ! 

19 

Dec, 

A  1 

19 

Oct, 

B  . 

11 

Feb., 

A  ' 

7 

Not., 

A  1 

19 

Oct., 

A 

27 

Not., 

A 

19 

Oct., 

A 

8 

Dec, 

X 

A 

4 

Jan., 

A 

30 

Not., 

A 

27 

Oct., 

A 

19 

Oct., 

Ij 

A 

1 

19 

Jan.,  [.  11 

1 

1894  < 
1895 
1894 
1894  I 
1894 

1894  I 

1895  I 
1894 

1896  I 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1896 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1895 
1894 

1894  i 

1895  I 
1894 
1894 
1894  I 
1894 
1894  I 
1895 
1894  ! 
1894 

1894  ! 

1895  I 


Drnmniej,  NIchoU*  Dauicl, 

Drammond,  Joan  Femandes  Bennett, 

Dndlej,  Henry  Watson, 

Dndley-Clapp,  Sasan  Ida. 

Duff,  John,  . 

Dnggan,  John  Joseph, 

Daffiran,  John  Thomas, 

Duharoel,  OliTa  Gilbert, 

Da  Mont,  Henry, 

Donbar,  Eugene  Fillmore, 

Dnnbar,  Frank  Collins. 

Dnnbar,  Franklin  Asaph, 

Dunham,  George  Perry, 

Dunham.  Henry  Bristol, 

Dunlap,  Charles  Bates, 

Dunlap,  James,   . 

Dunn,  Jennie  Sophia, . 

Dunn,  William  Ambrose. 

Dunne,  Alexander  John, 

Dunning,  William  Meddaugb, 

Dunphy,  John,     . 

Dupont,  FlaTien, . 

Duquet,  Philorome,     . 

Durant,  Charles  Edwin, 

Dnrell,  Thomas  Moulton, 

Durgin,  Samuel  Holmes, 

Dutton,  Charles,  . 

Dutton,  George,  . 

Dutra,  Emmanuel  Christian, 

Duxbury,  Joseph  Edward, 

Dwelly,  Jerome^. 

Dwight,  Edwin  Weller, 

Dwight,  Thomas. 

Dwinell,  Byron  Lee,   . 

Dwyer,  John  Edward, 

Dyer,  Frank  Pierce.    . 

Dyer,  Willard  Knowlton, 

Eames,  George  Franklin, 

Earl,  Georse  Henry,    . 

Earle,  William  AWa,  . 

Eastman,  Charles  Albert, 

Eastman,  Charles  Albert, 

Eastman-Schenck,  Ellen, 

Eastman,  Maij  Boena, 

Eaton,  John  Marshall, 

Eaton,  Lilley, 

Eaton,  Samuel  Lewis, 

Eaton,  William  WInslow, 

Eaton.  Wyllis  Gilbert, 

Ebann.  Charles  Deletang, 

Eckstein,  Caroline  Katherine, 

Eddy,  George  Stetson, 

Eddy,  Hiram  McCrery, 

EddT,  Richard  Henry, 

Edes,  Robert  Thaxter, 

Edgar,  William  Ladell, 

Edgerly,  Johnathan  Frank, 

Edmonds,  Louis, . 

Edson,  Carroll  ETcrett, 

Edson,  PtolomT  O'Meara, 

Edwards,  Charles  Lawrence, 


liuston. 

New  Bedford. 

Abington. 

Boston. 

Boston. 

Milford. 

Worcester. 

Marlborough. 

Boston. 

Boston. 

Stow. 

Cambridge. 

Barre. 

Boston. 

Cambridge. 

Northampton. 

East  Boston. 

Boston. 

Springfield. 

Harwich  Port. 

Boston. 

New  Bedford. 

Fitch  burK* 

HaTcrhill. 

SomerTille. 

Boston. 

Wakefield. 

Fall  RiTer. 

Fall  RiTer. 

Boston. 

Fall  RiTer. 

Boston. 

Nabant. 

Taunton. 

Cambridge. 

Boston. 

Boston. 

Boston. 

Boston. 

West  Boylston. 

Newbury  port. 

Lowell. 

Fitchbnig. 

Boston. 

Milford. 

Wakefield. 

Newton  Highl'ds. 

DanTers. 

Lowell. 

Boston. 

Onset. 

Fall  RiTer. 

Melrose. 

N.  Attleborougfa. 

Jamaica  Plain. 

Athol. 

Weymouth. 

Harwich. 

Boston. 

Boston. 

Hyde  Park. 
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CBSTinCATB. 

Name. 

• 

DATS  OF  ISSUE. 

Residence. 

g 

s 
K 

1 

Day.  Month. 

Tear. 

126 

A 

19     Oct., 

1894 

Edwards,  Thomas  Alvin,    .... 

Boston. 

999 

A 

30     Oct., 

1894   '  Edwards.  William  Lothrop, 

Boston. 

l,'22l 

B 

6    Nov., 

1894 

1  Egan,  Sebra  Temple, 

Ebrlicb,  Henry. 

Boston. 

1,320 

A 

7     Nov., 

1894 

Boston. 

2,M0 

A 

10     Dec, 

1894     Ela,  Paul  Francis, 

Cambridge. 

605 

A 

22  ■  Oct., 

1894     Ela,  Walter, 

Cambridge. 

2,6S2 

B 

14     Dec, 

1894 

'  Elderen.  John  Van, 

Boston. 

1/27H 

B 

7 

Nov., 

1894  '  Eidridge,  Benjamin  Davis, .... 

tiarwich. 

1.370 

A 

7 

Nov., 

1894     Eidridge,  David  Gorham,    .... 

Boston. 

440 

A 

19 

Oct., 

1894     Eidridge,  Jerrie  Allen,        .... 

Wareham. 

1.79  i 

A 

19 

Nov., 

1894     Elliot.  Edward  Pearson 

Danvers. 

l,fi82 

A 

12 

Nov., 

1894  ,,  Elliot.  John  Wheelock 

Boston. 

703 

A 

23 

Oct., 

1894 

1  Elliott,  Frederick  William, 

Boston. 

625 

A 

22  ,  Oct., 

1894 

Elliott,  James  Prescott 

Boston. 

691 

A 

23  1  Oct., 

1894 

Elliott,  Russell  Dunson,     .... 

Boston. 

2.033 

A 

30    Nov., 

1894 

Ellis,  Charles  Curtis, 

Soraervillo. 

996 

A 

30    Oct., 

1894 

1  Ellis,  Dean  Samuel 

Worcester. 

385 

A 

19  ;  Oct., 

1894 

'  Ellis,  Edward  Han^ey,        .... 

Marlborough. 

1.933 

A 

21 

Nov., 

1894  ;  Ellis,  Frederick  Warren,     .... 

Monson. 

3,316 

A 

4 

Jan., 

1895 

Ellis,  George  Livingston,    .... 

Middleborongh. 

122 

A 

19 

Oct.. 

1894 

Ellison,  George  Washington, 

East  Taunton. 

1 .034 

A 

31 

Oct, 

1894 

Ellsworth,  Victor  Albert 

Boston. 

2.494 

A 

10    Dec, 

1894 

Emerson,  Charles  Sumner, .... 

Cambridge. 

590 

A  . 

22    Oct., 

1894 

Emerson,  Francis  Patten,   .... 

Boston. 

399 

A  . 

19    Oct., 

1894 

Emerson,  Frederick  Lincoln, 

Boston. 

1.674 

A 

19  ;  Nov., 

1894 

Emerson,  George  Washington,  . 

Webster. 

847 

A 

26    Oct., 

1894 

Emerson.  Herbert  Clark 

Springfield. 

223 

A 

17    Oct. 

1894  !  Emerson,  Nathaniel  Waldo, 

Boston. 

374 

A 

19  I  Oct., 

1894     Emery,  William  Henrv,     .        .        .        .  i 

Boston. 

193 

A  1 

19  1  Oct., 

1894     Emery,  Winfred  Newell 

Waltham. 

1.215 

A 

5  1  Nov., 

1894     Enswortb,  William  Howard,      . 

East  Boston. 

3,014 

A 

28  1  Dec, 

1894     Entin,  Oilel, 

Fall  River. 

524 

A 

20    Oct., 

1894 

Ermentront,  Sal  lie  Justinia,       .       .       .  i 

Boston. 

1,271 

A 

6    Nov., 

1894 

Ernst,  Harold  Clarence i 

Boston 

2,678 

B  ' 

17    Dec, 

1894 

Evans,  David, 

Boston. 

701 

A 

23    Oct., 

1894 

Eveleth,  Edward  Smith 

Gloucester. 

2,758 

A 

19    Dec , 

1894 

1  Eveleth,  Philemon, i 

Marblehead. 

2,791 

A  1 

22  I  Dec  , 

1894 

Everett,  Horace  Stanwood, 

Boston. 

2.178 

A 

30    Nov., 

1894 

Everett,  James  Bradley,      .... 

Everett. 

2.347 

A 

8    Dec, 

1894 

Everett,  Oliver  Austin 

}k>1ton. 

446 

A 

19    Oct., 

1894 

Everett,  Oliver  Kurd, 

Worcester. 

1,838  ' 

A 

20    Nov., 

1894 

Everett,  Willard  Shepard 

Hyde  Park. 

1,980 

A 

27     Nov., 

1894 

i  Fagnant,  Benjamin, 

Springfield. 

304 

A 

17  ,  Oct., 

1894 

Fahey,  James  Charles,        .... 

Northampton. 

2,515 

A 

10    Dec, 

1894     Fairbanks,  Arthur  Willard. 

Boston. 

3.333  > 

A 

8    Jan., 

1895     Faircbild,  Courtland  de  Normandic,  .        .  : 

West  Tlsbury. 

2,573 

1 

A 

13  '  Dec, 

1894 

Fallon,  Michael  Francis,     .... 

Worcester. 

1,119 

A 

31    Oct., 

1894 

Farley,  William  Chaje,       ... 

Lawrence. 

1,251 

A 

5    Nov., 

1894 

Farlow,  John  Woodford,     .... 

Boston. 

901 

A 

27    Oct., 

1894 

Farnham,  Charles  Chittenden,   . 

Randolph. 

3G9 

A 

19    Oct., 

1894 

Famham,  Edwin. 

Cambridge. 

2,495 

A 

10    Dec, 

1894 

Farnham.  Mary  Eudora,     .... 

Med  ford. 

2,331 

A 

8  1  Dec, 

1894   1  Famswortb,  Sarah  Elizabeth,    . 

Boston. 

471 

A 

19    Oct., 

1894      Farr,  Edwin  Lawson, 

Roxbury. 

99i 

A 

30    Oct., 

1894     Farrin^on,  Leander  Morton, 

Boston. 

2,621 

A 

14     Dec, 

1894 

Farwell,  Charles  Luther,     .... 

Allston. 

2.359 

A 

8    Dec, 

1894 

Farwell,  George  Davis,       .       .       .       .1 

Turner's  Falls. 

2.672 

A 

17    Dec, 

1894 

Faulkner,  Henry  Clay,       .... 

Boston. 

3,223 

A 

4    Jan., 

1895     Faunce,  Robert  Harris,       .... 

Sandwich. 

1,183 

i 

A 

p 

1' 

6  Nov., 

1894   1  Faxon,  Eudora  Meade,       .... 

Boston. 
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CUtTIFICATB. 


a 

a 


1,334 
2,529 

379 
3,594 
1.776 

394 
3,499 
2,872 
2,878 
2,233 

263 
1,181 
2,622 
2,403 
2.983 
2,623 
3.407 
3,635 
1,961 
3,680 
1,684 
1,246 
3,686 
1,336 
1,778 

639 
1,606 
2,802 

139 
2,672 
2,585 

784 
2,294 

181 
3,565 

727 
2,088 
3,345 
1,432 
3,603 

232 
1,214 

267 

593 

501 
2,674 
3,221 
3,678 
2.804 
3,786 
2,479 

513 

451 
2,376 
3,184 

782 
3,236 

993 

755 
2,025 
2,136 


B 

e 


A 

A 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A' 


DATS  OF  IMUX. 


Day.  Month. 


19 

7 


19 

24 

30 

8 

7 


1 

10 
19 
19 

8 

4 
26 

4 


7  !  Nov., 
10  Dec., 
19  Oct., 
19  Jan., 
19  Nov.. 
19  I  Oct., 
12  i  Jan., 
22  '  Dec, 
22  j  Dec, 

4  Dec, 
17  I  Oct., 

5  Nov., 
10  ;  Dec, 

8  j  Dec. 

26  Dec, 
14  ,  Dec. 
10  !  Jan., 
19  Jan  , 

27  Nov, 
19  Jan., 
19  I  Nov., 

6  '  Nov., 


Jan., 
Nov., 

19  I  Nov., 

20  I  Oct.. 

12  Nov., 
22  Dec, 
19  Oct, 

13  ;  Dec, 
13  Dec, 
28  i  Oct., 

8  ;  Dec, 
19  Oct., 


Jan., 
Oct., 
Nov., 
Jan., 
Nov., 
19  Jan  , 
17  I  Oct., 
5  Nov., 
17  Oct., 
22  Oct., 
19  I  Oct., 
17  Dec, 
4  I  Jan., 
19  Jan., 
22  I  Dec, 
Mar., 
Dec, 
Oct., 
Oct., 
Dec, 
Jan., 
Oct., 
Jan., 
30  '  Oct., 
24  I  Oct., 
30  i  Nov., 
30  I  Nov., 


Ymt. 

1894 
1894 
1894 
1895 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1895 
1894 
1895 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1891 
1894 
1894 
1894 
1895 
1894 
1894 
1895 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1893 
1895 
1894 
1895 
1894 
1894 
1894 
1894 
1895 
1894 
1895 
1894 
1894 
1894 
1894 


Name. 


Faxon,  William  Otis,  . 
Fa  J,  Frank  Oleason,   . 
Faj,  James  Monroe,    . 
Fav,  William  Eastman, 
Fellows,  George  Eobert, 
Fen  wick,  Joseph  Benson,    . 
Ferguson,  Arthur  Bixby,    . 
Ferguson,  Charles  John, 
Ferffuson,  Hugh, 
Feriand,  Joseph  Severin  Ernest, 
Fernald,  Alberto  Francis,   . 
Femald,  Charles  Aagnstus, 
Fernald,  Otis, 
Femald,  Walter  Elmore, 
Ferrari,  Francesco  Edoardo, 
Ferry,  James  Francis, 
Fesler,  Frank  Jov, 
Fessenden,  Charles  Hill,     . 
Fessenden,  George  Rnssell, 
Fessenden,  Josepn  Palmer, 
Fewell,  Samuel  Jackson, 
Fick,  Hermann  Andrew, 
Field,  Charles  Elmer,  . 
Field,  James  Brainerd, 
Field,  Phinehas  Peck, 
Field,  Susan  Hammond, 
Fifleld,  William  Cranch  Bond, 
Fillebrown,  Charles  Dalton, 
Fillebrown,  Thomas,  . 
Finn,  Edward  William, 
Finn,  James  Anthony, 
Finnigan,  Patrick  Joseph, 
Fish,  Dyer  Ball  Nelson, 
Fish,  Ralph  Charles.   . 
Fisher,  Edgar  Alexander, 
Fisher,  Theodore  Willis, 
Fisher.  Preston,  . 
Fisk,  Charles  Lee,  Jr., 
Fisk,  William  Willard, 
Fiske,  Eustace  Lincoln, 
Fitch,  Edward  Doollttle, 
Fits,  George  Wells,     . 
Fits,  Reginald  Heber, 
Fitzgerald,  James  Bernard, 
Fitz-Uugh,  John  Alexander, 
Fitzsimmons,  Philip  Mansfield, 
Flagg,  Alphens  Dexter  Smith, 
Flagg,  Edwin  Barber, 
Flagg.  Herbert  Horatio, 
Flagg,  Jonathan, 
Flagg,  Payson  Jonathan, 
Flanders,  Frank  Byron, 
Fleet,'William  Earnest, 
Fletcher,  Robert  Whitney, 
Fletcher,  Rosa,    . 
Fletcher,  Samuel  Ernest, 
Fletcher,  Samuel  William, 
Fletcher,  William  Kelly, 
Flewelling,  Douglas  Scovll, 
Flinn,  Matthew  Bonner, 
Flint,  Charles  Cookeman, 


Ston^ton. 

Worcester. 

Northampton. 

Boston. 

Araesbory. 

Chelsea. 

Salem. 

Boston . 

Boston. 

South  bridge. 

Leominster. 

Boston. 

Haverhill. 

Waltbam. 

Boston. 

Boston. 

Lowell. 

Newton  Centre. 

Ashfleld. 

Salem. 

Boston. 

Boston. 

East  Bridgewater. 

Lowell. 

Boston. 

Boston. 

Boston. 

Boston. 

Boston. 

Dedham. 

Boston. 

East  Cambrid^. 

Amherst. 

East  Douglass. 

Worcester. 

South  Boston. 

Boston. 

Greenfield. 

North  Leverett. 

Fitchburg. 

Worcester. 

Cambridge. 

Boston. 

Boston. 

Amesbuiy. 

Cambridge. 

Springfield. 

Worcester. 

Springfield. 

Worcester. 

Florence. 

Lawrence. 

Cambridge. 

South  Boston. 

Boston. 

Chicopee. 

Pepperell. 

SoraervIIle. 

Boston. 

Worcester. 

Lenox. 
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CSSTmOATB. 


s 

'A 


o 

fa 


1,170 

400 
2,255 
3,549 
2,837 

732 
2,938 
2,734 
3,456 

866 
2,590 
1,291 
3,459 
2,881 
1,189 

812 

626 
1.710 

291 
3,203 

594 

2,862 

2 

1,850 

683 
1.349 
1.758 
3,444 
1,457 
2,011 

814 
2,550 

952 
2,551 
2,147 

516 
3,03d 
2.762 
1,565 

442 
2.478 
1.625 
2,123 

910 
1.277 
1,962 
3,319 

679 
3,724 
1,709 
2,499 
3,401 
2,953 
1,538 
1,591 
2,470 
3,071 
3,476 

305 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
A 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A  I 

Ai 
I 


I>ATX  OW  IMUB. 


Daj. 


Month. 


Tear. 


5 
19 

8 
16 
22 
24 
26 
19 
12 
27 
13 

7 
12 
22 

5 
26 
22 
19 
17 

4 
22 
22 
13 
20 
22 

7 

8 
12 

7 

30 
26 
13 
29 
13 
30 
20 
28 
19 
12 
19 
10 

7 

30 
29 

7 
27 

4 
22 
28 
19 
10 
10 
26 

7 
12 
10 
28 
12 
17 


Nov., 

Oct., 

Dec, 

Jan., 

Dec , 

Oct., 

Dec, 

Dec , 

Jan., 

Oct., 

Dec, 

Nov., 

Jan., 

Dec, 

Nov., 

1  Oct., 

'  Oct., 

Nov., 

Oct., 

Jan., 

i  Oct., 

'  Dec, 

I  Oct., 

I  Nov., 

Oct., 

Nov., 

Dec, 

Jan., 

Nov., 

Nov., 

Oct., 

I  Dec, 

Oct., 

Dec, 

Nov., 

Oct., 

Dec, 

.  Dec, 

Nov., 

;  Oct., 

Dec, 
Nov., 
Nov., 

'■'  Oct., 
Nov., 

,  Nov., 
Jan., 
Oct., 
Jan., 
Nov., 
Dec, 
Jan., 
Dec, 
Nov., 
Nov., 

,  Dec, 
Dec, 
Jan., 
Oct., 


1891 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1896 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1895 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1895 
1894 


Name. 


Kealdence. 


Flint,  Omar  Alpha,     . 
Flood,  Everett,    . 
Flower,  Alfred  Horace, 
Flower,  Richard  Charles, 
Flynn,  John  Joseph,    . 
Fogerty,  Williams  Clemmons. 
Fogg.  Irving  Sylvester, 
Foley,  Timothy  John, 
Foley,  Walter  James  Paul, 
Follett,  Ammi  Ward,  . 
Follet,  John  Atwood,  . 
Folsom,  Charles  FoUen, 
Folsom,  Norton,  . 
Foantaine,  Felix  Dydime, 
Fontaine,  Marc,  . 
Forbes,  Charles  Holt, . 
Forbes,  George  Foster, 
Forlws,  Henry  Gordon, 
Forbush.  Albert  Waldo, 
Ford,  Daniel  Frink,     . 
Ford,  John  Francis, 
Forrest,  Josephine  Winifred, 
Forster,  Edward  Jacob, 
Fortln.  Julian  Elz^ar, 
Poskett,  George  Mason, 
Foss,  David, 
Foss,  John  William,    . 
Foss,  Warren  Sartwell, 
Foster,  Charles  Chauncy, 
Foster,  Edwin  Scott,    . 
Foster,  Prank  Albert, 
Foster,  George  Emory, 
Poster,  Horace  Kendall, 
Foster,  James  Milton, 
Foster,  James  Richards. 
Fox,  William  Yale.     . 
Foye,  Charles  Frederick, 
Frame,  Joseph,    . 
Francis.  Carieton  Shnrtleff, 
Prancis,  George  Ebenezer, 
Francis,  George  Hills, 
Francis,  Tappan  Eustis, 
Francois,  Edward  Albert  Loais, 
Pranfaglla,  Gabri^le,   . 
Pranks,  Baron,    . 
Franz,  Adolph,    . 
Fraser,  Donald  Allan, 
Fraser,  John  Chisholm, 
Frechette,  Clement, 
Freeman,  Franklin  Willard, 
Freeman,  Frederick  Augustus, 
Freeman,  George  Edward, . 
Freeman,  Russell  Ballou,    . 
Freeman,  Simon  Augustus, 
French,  Alfred  Joseph, 
French,  Charles  Austin. 
French,  Charles  Ephriam,  . 
French,  Charles  Henry, 
French,  Charles  Llndol, 


North  Billerica. 

Bald  wins  ville. 

Boston. 

Boston. 

Pittafield. 

Worcester. 

Norwood. 

Worcester. 

Boston. 

Boston. 

Boston. 

Boston. 

Cambridge. 

Worcester. 

Spencer. 

Athol. 

Worcester. 

Chicopee  Falls. 

Boston. 

Boston. 

Roslindale. 

Boston. 

Boston. 

New  Bedford. 

Worcester. 

Newbnryport. 

Boston. 

Lowell. 

Cambridge. 

Hyde  Park. 

Waltham. 

Springfield. 

Feabody. 

Wilbraham. 

N.  Attleborough. 

Taunton. 

Haverhill. 

Boston. 

Boston. 

Worcester. 

Brookline. 

Boston. 

Saagus. 

Boston. 

Boston. 

S  Hadley  F%]ls. 

East  Boston 

East  Weymouth. 

Leominster. 

Newton  L*er  Falls. 

Boston. 

Brockton. 

Watertown. 

Everett. 

Lawrence. 

Boston. 

Lawrence. 

Pawtucket,  R.  I. 

Clinton. 
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Cbitificatx. 


J 

i 
1 

i 

^ 

Gb 

DATB  OF  USUB. 


DajJ  Month.  Tear. 


Name. 


98 

A 

1  1^ 

2,896 

B 

!  26 

1,787 

A 

'  19 

2,135 

A 

30 

3,564 

A 

II  19 

3,362 

A 

|l    8 

3,841 

£ 

1   25 

190 

A 

19 

1,219 

B 

5 

1,490 

A 

7 

2,489 

A 

10 

1.746 

A 

19 

2,928 

B 

22 

2,799 

A 

22 

2,260 

A 

4 

723 

A 

24 

3,408 

A 

10 

2,732 

A 

19 

1,393 

A 

7 

3,631 

A 

19 

2,997 

B 

28 

3,652 

A 

16 

370 

A 

1  19 

828 

A 

26 

3,200 

B 

4 

973 

A 

30 

1.038 

A 

31 

2.207 

B 

4 

2.244 

A 

4 

3.455 

A 

12 

2,428 

A 

.     8 

2.061 

A 

•  30 

1,166 

A 

5 

1,914 

A 

1  21 

3.218 

A 

!     4 

1,900 

A 

;  21 

1.842 

A 

20 

2.086 

A 

30 

3,735 

A 

11 

40 

B 

19 

1,353 

A 

7 

2,632 

A 

10 

2,598 

A 

14 

642 

A 

22 

454 

A 

19 

2,696 

A 

17 

1,508 

A 

7 

3,576 

A 

19 

2,841 

A 

'  22 

3.061 

A 

'  28 

8.137 

A 

3 

2,339 

A 

8 

1,074 

A 

31 

1,373 

A 

7 

2.746 

A 

19 

1,176 

A 

5 

1.846 

B 

20 

2.450 

A 

10 

2.449 

A 

10 

1,096 

A 

31 

475 

A 

19 

Oct., 
Dec. 
Nov., 
Nor., 
Jan., 
Jan., 
Mar., 
Oct., 
Not., 
Nov., 
Dec., 
Nov.,. 
Dec.,' 
Dec. 
Dec,  • 
Oct., 
Jan., ' 
I  Dec.,, 
1  Nov.,' 
!  Jan.,  < 
Dec. 
Jan., 
Oct., 
Oct., 
'  Jan.. 
Oct., 
Oct., 
Dec, 
Dec,  I 
Jan.,  j 
Dec,  I 
Nov., 
Nov., 
Nov, 
Jan., 
Nov., 
Nov., 
Nov., 
Feb., 
Oct.. 
Nov., 
Dec, 
Dec, 
Oct., 
Oct . 
Dec, 
Nov., 
.Tan., 
Dec , 
'  Dec, 
!  Jan..  ^ 
Dec, ' 
Oct., 
Nov., 
Dec, 
Nov., 
Nov., 
Dec, 
Dec, 
Oct.. 
Oct., 


1894 
1894 
1894 
1894 
1895 
1895 
1896 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1896 
1894 
1894 
1896 
1894 
1895 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 


French,  Charles  Peaslee, 
French,  Elizabeth  J,    . 
French,  Oeorge  Henrv, 
French,  Oeorge  MorrfU, 
French,  John  Marshall, 
French.  Nathan,  . 
French,  Towneley  Thomdike, 
French,  Winslow  Barrell. 
Frink.  Charles  Tatman, 
Friable,  Jesse  Franklin, 
Frissell,  Edward  Merle. 
Friszell.  Seraph,  . 
Frost,  Charles  Cbanncy, 
Frost,  Edward  Clayton, 
Frost.  Woodbury  George. 
Frothingham,  James  Edward, 
Fry,  Charles  Wilson,  . 
Frye,  Charles  Marshall, 
Frye,  Edmnnd  Bailey, 
Fryer,  Winson  Famam, 
Fuller,  Amos  Warren, 
Fuller,  Charles  Metcalf, 
Fuller,  Daniel  Hunt,  . 
Fuller,  Frederick  Henry, 
Fuller,  George  Albion, 
Fuller,  George  Ephraim, 
Fuller,  James  Robert, 
Fuller.  Walter  Tracy, 
Fyfe,  Thomas  Tass,    . 
Gaertner,  Alexander,  . 
Gaffney,  John  Patrick, 
Galfney,  Henry  Joseph, 
Gaj;e,  Edward  Franklin, 
Gage.  Homer, 
Gage,  James  Arthur,  . 
Gage,  Thomas  Hovey, 
Gaggioli,  Glrolamo,     . 
Gagnon,  Joseph  Alfred. 
Gahan,  Edward  William. 
Galbenewetz,  Benjamin  Goth, 
Gale.  George  Washington. . 
Gale- Warren.  Mary  Kendall, 
Gallagher,  James  Thomas, 
Galligan,  Edward  Francis, . 
Gallison,  Ambrose  John.    . 
Galllson.  Henry  Hammond, 
Gallison,  Jefferson  Cashing, 
Gallivan,  William  Joseph,  . 
Galloupe,  Beqjamln  Franklin, 
Galloupe,  Charles  William, 
Galloupe,  Isaac  Francis, 
Galvin,  George  William,     . 
Galvin.  William, . 
Gamwell,  Harlow, 
Gannett,  William  Whltworth, 
Gannon,  Annie  Margaret,   . 
Gannon,  Anna  Maria, 
Garoeau,  Edgar.  . 
Garoeau,  lYeffle, . 
Gardiner,  Perley  Forest,     . 
Gardner,  Clarence  Rhodolphus. 


1  West  GranviUe. 
HoUiston. 
Boston. 
Maiden. 
Milford. 
BCalden. 
Boston. 
Boaton. 
'  Boaton. 
'  Newton. 
I  Webster. 
Springfield. 
I  Lowell. 
Brockton. 
'.  Danvers. 
Boston- 
Worcester. 
Lowell. 
Boston. 
MiddletxHTOogb. 
Uxbridge. 
Boston. 
Somerville. 
Boston. 
Worcester. 
Mooson. 
Boston, 
Glonoester. 
Greenfield. 
Boston. 
Boston. 
Salem. 
Winthrop. 
Worcester. 
Lowell. 
Worcester. 
Boston. 
Lowell, 
Boston. 
Boston. 
East  Saugus. 
Newton  vUle. 
Salem. 
Taunton. 
Franklin. 
Cambridge. 
Boston 

South  Boston. 
Hyde  Park. 
Boston. 
Boston. 
Boston. 
Blackinton. 
Westfield. 
Boston. 
Boston. 
Boston. 
Boston. 
Boston. 
Boston. 
Northampton. 


1895.] 
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1 

1 

OATS  or  ItSUB. 

Name. 

Bssidsnc*. 

a 

D 

Da7. 
28 

Month. 

Taw. 

3,063 

A 

Dec, 

1894 

• 

Gardner,  Edward  Everett, .... 

Worcester. 

653 

A 

22     Oct., 

1894 

Gardner,  Frank  Angnstine, 

Salem. 

240 

A 

17  :  Oct., 

1894 

;  Gardner,  George  Henry.     . 

Nantncket. 

630 

A 

22     Oct., 

1894 

Gardner,  William  Wallace, 

Springfield. 

1,175 

A 

5  ,  Nov., 

1894 

Garey,  Charles  Wendell.     . 

Quincy. 

1.762 

B 

19  1  Nov., 

1894 

Garfleld,  John,     . 

Maiden. 

1,887 

A 

21  '  Nov., 

1894 

Gariepy,  Joseph  Camille,    . 

Fitchbarg. 

1.017 

A 

30  1  Oct., 

1894 

Garland,  Albert  Stone, 

Gloucester. 

947 

A 

29 

Oct., 

1894 

Garland,  Georve  Minot, 
Garland,  GnyW.. 

Boston. 

1,868 

A 

21 

Nov., 

1894 

Gardner. 

1,656 

A 

15 

Nov., 

1894 

Garland,  Joseph, . 

Gloucester. 

378 

A 

19 

Oct., 

1894 

Garland,  Joseph  Everett,    . 

Gloucester. 

1,598 

A 

12 

Nov., 

1894 

Garmon,  John  Oscar.  . 

Boston. 

3,390 

A 

10 

Jan., 

1895 

Gamean,  Joseph  Pierre  Alpbons 

e, 

Fall  River. 

1,590 

A 

12 

Nov., 

1894 

Garrlgan,  Thomas  James,   . 

North  Brookfield. 

783 

A 

26 

Oct., 

1894 

Gary,  Clara  Emerette, 

Boston. 

2,437 

A 

8 

Dec, 

1894  i 

Gates,  George  Wellesley,    . 

Boston. 

3,530 

B 

15 

Jan., 

\S96 

Gauthier.  Franklin,     . 

Soathbridge. 

1,864 

A 

21 

Nov., 

1894 

Gavin,  George  Freebem,     . 

Boston. 

1,233 

A 

5 

Nov., 

1894 

1  Gavin,  John  Harrison, 

Boston. 

1,201 

A 

5 

Nov., 

1894 

Gavin,  Michael  Freebern,   . 

South  Boston. 

2,664 

A  ! 

13 

Dec, 

1894  , 

Gavin,  Patrick  Freebem,    . 

South  Boston. 

3,752 

a: 

11 

Feb., 

1895  I 

Gay,  Almon  De  Bois,  . 

Worcester. 

2,907 

A 

22 

Dec, 

1894 

Gay,  Arthur  Park, 

Boston. 

74 

A 

16  1  Oct., 

1894 

-  Gay,  George  Washington,  . 

Boston. 

2.934 

B 

22    Dec, 

1894 

Gay,  Mary  Cochran,   . 

Boston. 

760 

A 

24 

Oct., 

1894 

Gay.  Warren  Fisher,  . 

Boston. 

2,611 

A  1 

14 

Dec, 

1894 

Gaylord,  John  Flavel, 

Plymouth. 

862 

A  , 

27 

Oct. 

1894 

Geddes,  Peter  Spearce  Walker, 

Wmchendon. 

983 

A 

30  .  Oct., 

1894 

Gelineau,  Charles  William, 

Indian  Orchard. 

1,161 

A 

5    Nov., 

1894 

;  Gelineau,  Ovila  Clc^ment,     . 

Indian  Orchard. 

3,681 

A 

19    Jan., 

1895 

Gendron,  Joseph  Alexander, 

Ware. 

3,675 

A 

19  1  Jan., 

1895 

Gendron,  Joseph  Etienne,  . 

Worcester. 

3,144 

A 

3 

Jan., 

1895  . 

Genereux,  Joseph  Alb<irle.  . 

South  bridge. 

2,492 

A 

10 

Dec, 

1894 

Genereux,  Joseph  Oliver,    . 

Webster. 

2,845 

A 

22    Dec, 

1894 

George,  Oscar  Fowler, 

I^nn. 

N.  Attleborough. 

423 

A 

19    Oct., 

1894 

'  Gerould,  Joseph  Bowditch, 

1,211 

A 

5 

Nov., 

1894  1 

;  Gerry,  Edwin  Peabody, 

Boston. 

3,005 

B 

28 

Dec, 

1894 

Gertz,  William  Henry, 

Everett. 

961 

A 

30 

Oct., 

1894 

Gervais,  Emery,  .... 

Lowell. 

450 

A 

19 

Oct., 

1894 

,  Getchell,  All)ert  Colby, 

Worcester. 

1,920 

A 

21 

Nov., 

1894 

Glbbs,  Howard  Augustine, . 

Boston. 

1,115 

A 

31 

Oct., 

1894 

Gibbs,  Linnaeus  Victor, 

Worthington. 

2,617 

A 

14 

Dec, 

1894 

Gibbs,  Lncero  Jackson, 

Chicopee  Falls. 
Fall  River. 

2,721 

^  1 

17 

Dec, 

1894 

'  Gibbs,  Samuel  Whelpley,   . 

147 

A 

19 

Oct., 

1894 

GIbby,  Isabel  Parker, 

Boston. 

3,493 

A 

12  1  Jan., 

1895 

Glblin,  Frank  Joseph, 

Dorchester. 

1,695 

A 

19    Nov., 

1894  ' 

Gibson,  Arthur  Allen, 

Somerville. 

3,716 

B 

28    Jan., 

1895 

Gibson,  Elwyn  Deloss, 

Ashbnrnham. 

2,848 

A 

22    Dec, 

1894 

Gidman.  Bramwell  Carvosso,     . 

Norfolk,  Conn. 

154 

A 

19  ,  Oct., 

1894  I 

Gifford,  Benjamin  Dods, 

Boston. 

1.903 

A 

21  '  Nov., 

1894 

Gifford,  Fred  Hooker, 

Leicester. 

2,277 

A 

8    Dec, 

1894  1 

Gifford,  John  Henry,  . 

Fall  River. 

.3,645 

A 

19    Jan., 

1895 

Giguere,  Joseph 

Gilbert,  Amelia  Eliza, 

Westport. 

3,054 

A 

28    Dec, 

1894 

Boston. 

938 

A 

29  ,  Oct., 

1894 

Gilbert,  David  Dudley, 

Boston. 

2,356 

A 

8  ,  Dec, 

1894 

,  Gilbert,  John,       .... 

Fall  River. 

953 

A 

30    Oct., 

1894 

Gilbert,  John  Henry,  . 

Quincv. 
Lowell. 

2,731 

A 

19    Dec, 

1894 

Gildee.  James  Bennett, 

1,112 

A 

31     Oct., 

1894 

Glle,  John  Martin, 

Tewksbary. 
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CBKTiriOATB. 


I 

s 


2,412 
3,304 
3,556 
327 
1,855 
2.246 
1,447 
33 
3,222 

774  I 

3,192  • 

1,328  , 

2,883 

1,919 

133 

686 

853  I 

3,699  . 

1,395 

294 

635 

3,074 

1,956 

1,388 

401 

871 

1,833 

1,786 

2,825 

2,262 

711 

2,786 

1.726 

2,694 

2,701 

368 

1,337 

2,416 

2,163 

793 

802 

253 

3,485 

3,318 

8,133 

3,001 

3,008 

3,519 

288 

480 

2,588 

3,136 

2,189 

567 

3,606 

319 

1,362 

3,381 

2,418 

879 


B 
A 
A 
A 
A 
A 
A 
B 
A 
A 
A 
A 


DATS  or  ISSUE. 


D%y. 


Month. 


Tear. 


8 

4 

15 

17 

20 

4 

7 

19 

4 

24 

4 

7 


A  I  22 


A 
A 
A 
A 
A 
A 
A 
A 
B 
A 
A 
A 
A 
A 


-t 


21 
19 
23 
26 
19 

7 
17 
22 
28 
27 

7 
19 
27 
20 


A^i  19 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


22 

8 

24 

22 

19 

17 

17 

19 

7 

8 

30 
26 
26 
17 
12 
4 


B  !i  3 
A  li  28 
B  I  28 
A  I  14 
A  I  17 
A  I  19 
A  i  13 
A  ;i  3 

A  '  30 
A  |l  22 
A  I  19 
A  |l  17 
A  !  7 
A  ,  8 
A  8 
27 


Dec, 

Jan., 

Jan., 

,  Oct., 

i  Nov., 

Dec., 

Nov., 

1  Oct., 

'  Jan., 

I  Oct., 

'  Jan., 

Nov., 

I  Dec, 

i  Nov., 

Oct., 

Oct., 

Oct., 

Jan., 

Nov., 

Oct., 

I  Oct., 

Dec, 

'  Nov., 

]  Nov., 

Oct., 

Oct., 

Nov., 

Nov., 

Dec, 

Dec, 

Oct., 

Dec, 

Nov., 

Dec, 

Dec, 

Oct., 

Nov., 

Dec, 

Nov., 

Oct., 

Oct., 

Oct., 

Jan., 

Jan., 

Jan  , 

Dec, 

Dec, 

Jan., 

Oct., 

i  Oct., 

Dec, 

I  Jan., 

I  Nov., 

Oct., 

'  Jan., 

Oct., 

Nov., 

Jan., 

Dec, 

Oct., 


1894 
1895 
1895 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1895 
1895 
1894 
1894 
1895 
1894 
1894 
1894 
1895 
1894 
1894 
1895 
1894 
1894 
1895 
1894 
1894 


l| 


Fame. 


Ollfetber,  Frank  Emmet,    . 
OilleBpie,  John,    . 
Oilman,  Bngene  Albert, 
Oilman,  Warren  Randall,  . 
Gironard,  Simeon  Joseph,  . 
Giroux,  Joseph  Raymond, . 
Glancy,  Charles  Augustine, 
Glancy,  William  Carte  Minnette, 
Glazier,  Frederick  Prentiss, 
Gleason,  Charles  Sherman, 
Gleason,  Edwin  Putnam, 
Gleason,  Mardis  Edward, 
Glendenning,  Robert  Thompson, 
Glennon,  Michael, 
Gobron,  Louis  Constant, 
Goddard,  Josiah  Hamilton, 
Godfrey,  Joseph  Witter, 
Godln,  Joseph,     . 
Golden,  Michael  Charles, 
Goldthwait,  Joel  Ernest, 
Goldthwaite,  Seth  Vale, 
Good,  Jacob  Adam,     . 
Goodale,  George  Lincoln, 
Goodale,  Joseph  Lincoln, 
Goodell,  George  Zina, . 
Gooding,  Emma  Jeanette, 
Groodman,  Nathan  Mark, 
Goodman,  Samuel, 
Goodspeed,  Helen  Amanda, 
Goodwin,  Charles  Otis, 
Goodwin,  George  Erving, 
Goodwin,  James  Joseph, 
Goodwin,  Richard  James  Plnmer, 
Goodwin,  Firsah  Eveline,   . 
Goodwin,  Wilford  Watson, 
Goray,  James  Philip,  . 
Gordon,  John  Alexander, 
Gordon,  Miles  Remond, 
Gorham,  Frederic  Croswell, 
Gorshel,  Richard, 
Goss,  Arthur  Vincent, 
Goss,  Francis  Webster, 
Gould,  Charles  Asahel, 
Gould,  Clarke  Storer, . 
Gould,  Forrest  Burton, 
Gould,  Frank  Moriah, 
Grady,  John  William, 
Grady,  Joseph  William, 
Graham,  Douglas, 
Grainger,  William  Henry, 
Granger,  Frank  Clarfc, 
Grant,  James  Henry,  . 
Grant,  James  Henry,  . 
Graves,  Frank  Walker, 
Gray,  Charles  Henry,  . 
Gray,  George  Henry,  . 
Gray,  Robert  Williams, 
Greeley,  Moses  Reuben, 
Greeley,  William  Henry, 
Green,  Charles  Montraville, 


Boeton. 

Boston. 

Boston. 

Worcester. 

Attleborougb. 

Uxbridge. 

Boston. 

South  Natick. 

Hudson. 

Wareham. 

Rockland. 

Winchendon. 

Manchester. 

Stoughton. 

Boston. 

Orange. 

Concord  Jnnctioii. 

Holyoke. 

Taunton. 

Boston. 

Boston. 

Maiden. 

Cambridge. 

Cambitdge. 

Salem. 

Boston. 

Boston. 

Boston. 

Worcester. 

Worcester. 

Haverhill. 

Clinton. 

Maiden. 

Boston. 

East  Boston. 

Fitchburg. 

Quincy. 

Chelsea. 

Sheffield. 

Boston. 

Taunton. 

Boston. 

Newton. 

Norwood. 

Boston. 

Greenwich. 

Salem. 

Lowell. 

Brookline. 

Boston. 

Randolph. 

Lynn. 

Needham. 

Wobum. 

Cambridge. 

Lynn. 

Boston. 

South  Weynwuth. 

Abington. 

Boston. 
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CEKTinCATB. 


4» 

a 

a 


261 
71 
73 

272 
2,914 
2,370 
2,513 
1,294 
1,492 

937 
1,599 
2,768 

733 
2,107 

135 

754 

752 
3,124 
1,852 

109 
3,240 
3,052 
1,950 
3,703 
61 
2,222 
3,077 
3,460 
3,369 

626 

3,202 

3,360 

64 

245 
1,541 
3,255 
3,116 

647 
3,256 
3,072 
2,265 
2,114 
1,180 
1,453 
2,700 

940 
1,689 
2,075 
2,318 
3,034 
2,726 
3,057 

718 
2,651 
3,798 
1,640 
1,367 
58 
1,297 
3,181 


DATS  or  I88CB. 


a 


Moott). 


Year. 


A 

1 
17 

Oct., 

1 

A 

16 

Oct., 

A 

19 

Oct., 

A 

17 

Oct., 

A 

22 

Dec, 

A 

8 

Dec, 

A 

10 

Dec, 

A  , 

7 

Nov., 

A 

!  7 

Nov., 

A  • 

:  29 

Oct, 

A 

12 

Nov., 

A 

19 

Dec, 

A 

24 

Oct., 

A 

30 

Nov., 

A 

19 

Oct., 

A 

24 

Oct., 

A 

24 

Oct., 

A 

28 

Dec, 

A 

20 

Nov., 

A 

19 

Oct, 

A 

4 

Jan., 

A 

28 

Dec, 

A 

27 

Nov, 

B 

19 

Jan., 

A 

'  19 

Oct, 

B 

!  4 

Dec, 

A 

;  28 

Dec, 

A 

,  12 

Jan., 

A 

:  8 

Jan., 

A 

20 

Oct., 

B 

4 

Jan., 

A 

8 

Jan., 

A 

■  19 

Oct., 

A 

17 

Oct., 

A 

7 

Nov., 

A 

4 

Jan., 

A 

28 

Dec, 

A 

22 

Oct., 

A 

4 

Jan., 

A 

28 

Dec, 

A 

8 

Dec , 

A 

30 

Nov., 

A 

5 

Nov., 

A 

■  7 

Nov., 

A 

i  17 

Dec, 

A 

29 

Oct., 

A 

19 

Nov., 

A 

30 

Nov., 

B 

8 

Dec, 

A 

28 

Dec, 

B 

'  19 

Dec, 

A 

1  28 

Dec, 

A 

24 

Oct., 

A 

17 

Dec, 

B 

12 

Mar., 

A 

15 

Nov.. 

A 

7 

Nov., 

A 

19 

Oct., 

A 

7 

Nov., 

A 

1  4 

1 

Jan., 

1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
18&1 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1895 
1894 
1894 
1894 
1895 
1895 
1894 
1895 
1895 
1894 
1894 
1894 
1895 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1895 


Name. 


Green,  Jacob, 
Green,  John  Ome, 
Green,  MUbrey,    . 
Green,  Thomas  William, 
Greene,  Edward  Miller, 
Greene,  Francis  Coles, 
Greene,  Frank  Alonzo, 
Greene,  Frank  Eugene, 
Greene,  Harrie  William, 
Greene,  James  Snmner, 
Greene,  Jered  Alonzo, . 
Greene,  Nathaniel, 
Greene,  Ray  Woodvllle, 
Greene,  Reuben,  . 
Greene,  Robert  Anderson, 
Greene,  Thomas  Francis, 
Green  leaf,  George  Walter, 
Greenleaf,  John  Raggles, 
Green  leaf,  Richard  Cranch, 
Greenleaf,  Robert  Willard, 
Greenwood,  Allen, 
Greenwood,  Sewell  Elliott, 
Gregg,  John  Argelo,    . 
Gregoire,  Albert, . 
Grienmard,  George  Augnstas, 
Griffln,  Alva  James,     . 
GrifHn,  Arthur  George, 
Griffln,  Louise  Amanda, 
Griffith,  John  Auckland,     . 
Grlnfield,  Coxwell  John  Edward 
Grise,  Herman  Pierre, 
Groll,  Edward  Wright, 
Grouard,  John  Shackford,  . 
Grow,  Timothy  Rose,  . 
Graver,  Samuel  James, 
Gnertin,  Augnste, 
Guild,  Edgar  Hunt,     . 
Guild,  Edward  Frank, 
Gunning,  Thomas  Francis, 
Gunter,  Adolphus  Byram,  . 
Ounter,  Fred  Berkeley, 
Guptill,  Ira  Clark, 
Guptill,  Lncian  Ilayden,     . 
Haddock,  Charles  Whitney, 
Hagoplan,  Sarkls  Morkir,  . 
Hahn,  Ammi  Rahamah, 
Hale,  Edward  Preston, 
Hale,  Edwin  Emery,   . 
Hale,  George  Carleton, 
Hale,  Josiah  Little, 
Hale,  William  Alonzo, 
Hall,  Charles  Henry,  . 
Hall,  (?eorge  Clifton,   . 
Hall,  Irving  Storer, 
Hall,  James  Sanljcrg,  . 
Hall,  Mahlon  Freeborn, 
Hall,  Milton  Wilder,    . 
Hall,  Newbert  Jackson, 
Hall,  Walter  Langdon, 
Hall,  William  Dudley, 


Kesideiicc. 


Boston. 

Boston. 

Boston. 

Chelsea. 

Boston. 

Easthampton. 

Boston. 

Boston. 

Boston. 

Boston. 

Boston. 

Boston. 

Worcester. 

Boston. 

Boston. 

Boston. 

Somerville. 

Gardner. 

lienox. 

Boston. 

Waltham. 

Templeton. 

Somerville. 

Lowell. 

Boston. 

Worcester. 

Maiden. 

Cambridge. 

Boston. 

Boston. 

Gardner. 

Boston. 

Nantucket. 

Lynn. 

Brockton. 

West  Gardner. 

Ware. 

Chelsea. 

Fall  River. 

Boston. 

Chelsea. 

Northborongh. 

Boston. 

Beverly. 

Boston. 

Boston. 

Lenox. 

Attleborough. 

Boston. 

Brookline. 

Boston. 

Boston. 

Chelsea. 

Waltham. 

Boston. 

Revere. 

Boston. 

Brookline. 

Medford. 

Boston. 


44 


IIEGISTRATION  IN  MEDICINE. 


[Jan. 


Record  of  those  Registered,  etc, — Continued. 


CBBTiriCATB. 


t 


g 


i    b* 


2,132 
2,759 

410 

541 
2,213 
1,137 
3,028 
2,716 
32 
2.520 
2,312 

384 
2,797 
80 
1,031  i 
1,098 
2,796 
31 
2,886 

791 
3,692 

591 
1,060 

285 

744 
2,141 
1,247 

339 
2,231 
3,335 

499 
2,323 
3,389 
2,332 
3,426 

722 
1,438 
2,397 
3,313 
2,417 
3,070 
3,168 

891 
1,911 
3,385 
2,673 
2,466 
3,512 

846 
3,292 

164 
1,581 
2,528 
1,825 
2,089 
1,019 
2,640 

584 

821 
2,638 


A 
A 
A 
A 
A 
A 
B 
A 
A 
B 


DATS  ov  laauB. 


Dftj. 


MoDth.  Tear. 


A 

A 

A 

A 

A 

A  1 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

B 

B  i 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 


30 

19 

19 

20 

5 

I 

28 

17 

19 

10 

8 

19 

22 

19 

31 

31 

22 

19 

8 

26 

19 

22 

31 

17 

24 

30 

5 

17 

4 

8 

19 

8 

10 

8 

12 

24 

7 

8 

4 

8 

28 

3 

27 
21 
8 
17 
10 
12 
A  !  26 
A  I  4 


19 
12 
10 
20 
30 
30 
17 
22 
26 
17 


Nov., 
Dec, 
Oct, 
Oct., 
Dec, 
Nov., 
Dec, 
Dec, 
Oct., 
Dec, 
Dec, 
Oct., 
Dec, 
Oct., 
Oct, 
Oct.. 
.  Dec, 
Oct., 
Dec, 
Oct, 
Jan., 
Oct., 
Oct., 
Oct., 
Oct., 
Nov., 
Nov., 
Oct., 
Dec, 
Jan., 
Oct., 
Dec, 
Jan., 
Dec, 
Jan., 
Oct., 
Nov., 
Dec, 
Jan., 
Dec, 
Dec, 
Jan., 
Oct., 
Nov., 
Jan., 
Dec, 
Dec, 
Jan., 
Oct., 
Jan., 
Oct., 
Nov., 
Dec, 
Nov., 
Nov., 
Oct.,  ! 
Dec, 
Oct., 
Oct., 
Dec, 


1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1895 
1894 
1895 
1894 
1894 
1894 
1395 
1894 
1894 
1895 
1894 
1894 
1895 
1894 
1894 
1895 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 


Name. 


Reaido^ 


Hallett,  Edward  Bangs, 
Hallett,  Walter  Lewis, 
Halloran,  Michael  Joseph,  . 
Hallowell,  Clement  Howard, 
Hallowell,  Henry  Carleton, 
Halsey,  Frederick  Wadsworth, 
Hamilton,  Erskine  Erasmus, 
Hamilton,  Theodore  Erskine, 
Hammerslej,  Jonathan  Beadmore, 
Hammond,  Allen  Dexter,  . 
Hammond,  Lemnel  Hodges, 
Hammond,  Philip, 
Hammond,  Roland,    • 
Hammond,  William  Penn, . 
Hands,  Anna  Carville, 
Hands,  Herbert  Abraham,  . 
Handj,  Benjamin  Jones,     . 
Hand/,  Harrie  Delmar, 
Haniey,  Francis  Joseph, 
Hanley,  John  Joseph, . 
Hanlon,  Daniel  James, 
Hanna,  Edmund  Steelman, 
Hannnm,  James  Wilson,    . 
Hanscom.  Sanford, 
Hanson,  Frederick  Aagastos  Tafte, 
Hanson,  William  Green,     . 
Harding,  Edward  Mitchell, 
Harding,  George  Franklin, 
Harding.  Wllbar  Fisk, 
Hardy.  Charles  Silenns, 
Hare,  Charles  Henry, . 
Hargrove,  Alfred, 
Hargrove,  Frances  Flora,    . 
Hargrove,  Sidney  Balwer,  . 
Harkins,  Daniel  Stanislans, 
Harlow,  Corydon  Webster, 
Harlow,  George  Arthor, 
Harlow,  Granville  Albert,  . 
Harlow,  Harriet  Sosan, 
Harlow,  John  Martyn, 
Harmon,  Byron  Richmond, 
Harmon,  Melville  Alphonzo, 
Harmon,  Samuel  Toppan,  . 
Harriman,  Charles  Henry, . 
Harriman,  James  Lang, 
Harriman,  Samuel  Knight, 
Harrington,  Arthur  Hudson, 
Harrington,  Charles,   . 
Harrington,  Francis  Bishop, 
Harrington,  Francis  Michael, 
Harrington,  Harriet  Louisa, 
Harrington,  Thomas  Francis, 
Harris,  Emanuel, 
Harris,  Frauds  Augustine, . 
Harris,  Georgian na  Warren, 
Harris,  John  Traill,     . 
Harris,  Sophia  Roper, 
narrower,  David,  Jr., 
Hart,  George  Fred, 
Hart,  Mary  Schoonmaker,  . 


Gloucester. 

Mansfield. 

Worcester. 

Hyde  Park. 

Quincy. 

Boston. 

Springfield. 

Springfield. 

Northampton. 

Mattapoisetc 

Worcester. 

Boston. 

Brockton. 

Boston. 

Cambridge. 

North  Oimbridce. 

Fall  River. 

Brockton. 

Whitman. 

Boston. 

Hyde  Park. 

Lynn. 

Ludlow. 

Somerville. 

Boston. 

Everett. 

Boston. 

Boston. 

Westfield. 

Dedham. 

Boston. 

Boston. 

Boston. 

Boston. 

Boston. 

Melrose. 

Boston. 

Tyngsborough. 

Boston. 

Woburn. 

Wobum. 

Lynn. 

Boston. 

Whitins^ille. 

Hudson. 

Natlck. 

Bridgewater. 

Boston. 

Boston. 

Boston. 

Boston. 

Lowell. 

Fall  River. 

Boston. 

Boston. 

Boston. 

Worcester. 

Worcester. 

Webster. 

Webster. 
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Record  of  those  Registered,  etc.  —  Continued. 


OSKTItlCATB. 


S 

a 

"A 


3,291 

146 

3,327 

1 

3,289 

747 

121 

624 

2,577 

3,127 

481 

3,494 

2,282 

2.064 

2,401 

3,434 

634 

1,124 

201 

1.317 

354 

403 

2,941 

2,861 

1.696 

2,728 

1.278 

3,282 

1,268 

3,066 

26 

2,740 

2,010 

3,611 

2,843 

852 

1.977 

2,597 

2,483 

3,749 

904 

3,242 

2,364 

321 

220 

1,111 

3,160 

3,151 

3,004 

1,705 

2,709 

2,199 

3,427 

1,966 

3.557 

2,774 

3,617 

1,824 

877 

3,269 


• 

g 


A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 


A 

A 

B 

A  ' 

A 

A 

A 

A 

A 

A 

A 

A 


DATB  OV  ISaUB. 


Day. 


Month.  Tear. 


4 

19 
8 
11 
4 
24 
19 
22 
13 
28 
19 
12 


A  |!  8 
A  !,  30 


8 

12 

22 

1 

19 
7 
17 
19 
26 
22 
19 
19 
7 
4 
6 
28 
19 
19 
30 
12 
22 
'  26 
27 
'  14 
I  10 
'  11 

:1 

i  17 
I  17 

i  31 

li 

:  28 

I  ir 

30 
12 

I  27 
19 

I  19 

i  19 

20 

27 

4 


,  Jan., 
Oct., 
Jan., 

'  Oct., 
Jan., 
Oct, 
Oct., 
Oct., 
Dec, 

'  Dec, 
Oct., 

'  Jan  , 
Dec, 
Nov, 

;  Dec, 

{  Jan., 

]  Oct.. 

'  Nov., 
Oct., 
Nov., 
Oct., 

;  Oct., 

Dec, 
Dec, 
Nov., 
Dec, 
Nov., 
Jan., 
.  Nov., 
Dec, 
Oct., 
;  Dec, 
,  Nov., 
I  Jan., 
.  Dec, 
Oct., 
Nov., 
,  Dec, 
Dec, 
Feb., 
Oct., 
Jan., 
Dec, 
Oct., 
Oct., 

'  Jan., 
'  Jan  , 
Dec, 
Nov., 
Dec , 
Nov., 
Jan., 
Nov., 
Jan., 
Dec, 
Jan., 
Nov., 
Oct., 
Jan., 


1896 
1894 
1895 
1894 
1896 
1894 
1894 
1894 
1894 
1894 
1894 
1896 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1896 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1896 
1894 
1894 
1894 
1894 
1896 
1895 
1894 
1894 
1894 
1894 
1895 
1894 
1896 
1894 
1895 
1894 
1894 
1895 


Kame. 


Harte,  Richard  Hickman,   . 
Hartley,  Henry  Alexander  Satumlse, 
Harvey,  Alvah,    . 
Harvey,  Edwin  Bayard, 
Harvey,  Frank  T., 
Harvey,  Henry  Sydney, 
Harvey,  John  Franklin, 
Harvey,  Walter  Emerson, 
Hartwell,  Benjamin  Hall, 
Hartwell,  Edward  Mussey, 
Harwood,  Charles  Ilamanc, 
Haskell,  Henry  Hill,    . 
Haskell,  Nelson  Gary. 
Haskins,  Solomon  Foot, 
Haslam,  Frank  Alden, 
Hassetc,  John  Joseph. 
Hastings,  Benjamin  Franklin, 
Hastings,  Caroline  Eliza,    . 
Hastings,  Frank  Josiah, 
Hastings,  Joseph  Wilcox,   . 
Hastings,  Jadson  Worth ington, 
Hastings,  Robert  Worthington, 
Hastings,  William  Henry  Howe, 
Hatch,  Anselm  Dimmic, 
Hatchett,  William  Josepbus, 
Hathaway,  Clarence  Lock  woe  d, 
Hathaway,  Marcus  Morton, 
Hathaway,  Sarah  Lewis,    . 
Hathaway,  William  Fales, . 
Haab,  Aagnstine  Catherine, 
Haven,  George,    . 
Hawes,  Edward  Everett,    . 
Hawes,  Joseph  Quinnnm,  . 
Hawks,  Alfred  Joseph, 
Hawks,  Esther  Hill,   . 
Hay,  Gustavus,    . 
Uayden,  William  Richardson, 
Hayes,  Albert  Hamilton,    . 
Hayes,  Irving  Benjamin,     . 
Hayes,  John  Joseph,  . 
Hayes,  Justin  Gideon, 
Hayes,  Stephen  William,    . 
Hayes,  Thomas,  Joseph,    . 
Harnes,  Charles  Frederick, 
Hay  ward,  Joseph  Warren, . 
Hay  ward,  Levi  Thomas, 
Haywood,  George  WilliAm, 
Haywood.  Isabel  Pridbam, 
Hazard,  George  Stevens,     . 
Hazelton,  Isaac  Hills, 
Heald,  Joseph  Berthelet,     . 
Heald,  William  Frederick, 
Healy,  James  Joseph, 
Heard,  John  Theodore, 
Heath,  Abbie  Knowlton  Marden, 
Heath,  Joseph  Webster, 
Hebbard,  Ellery  Cola, 
Hebbert,  Charles  Alfred, 
Hedenberg,  James, 
Heffern,  Patrick  William, 


Residence. 


Philadelphia. 

Boston. 

Springfield. 

Westborough. 

Clinton. 

Worcester. 

Boston. 

Cambridge. 

Ayer. 

Boston. 

Boston. 

Boston. 

Boston. 

Orange. 

Boston. 

Lee. 

Whitman. 

Boston. 

Boston. 

Warren. 

Agawam. 

Boston. 

Boston. 

Orleans. 

Somerville. 

Winthrop. 

Fall  River. 

East  Wareliam. 

Weymouth. 

Boston. 

Boston. 

Hyannis. 

Boston. 

Newton. 

Lynn. 

Boston. 

Bedford  Springs. 

Boston. 

Florence. 

Dedham. 

Williamsburg. 

New  Bedford. 

Beverly. 

Boston. 

Taunton. 

Boston. 

Lynn. 

Lynn. 

Worcester. 

Welleslcy  Hills. 

Pepperell. 

Pepperell. 

Newbury  port. 

Boston. 

Boston. 

Wakefield. 

Boston. 

Boston. 

Medford. 

Marlborough. 
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ifa 

V 

17 

Vov 

1 

7 

Nov 

I 

Nn. 

1 

IS    Jan., 

28    Doc, 

1  22     Doc., 

T 

IB     J»n,. 

1 

28     Dee.. 

1 

7 

Nnx 

1 

T 

Nnv 

22 

Ort., 

1 

28  1  Dre., 

1 

17  1  Dec., 

1 

22 

Not 

1 
1 

26 
7 

14 

Dec., 
Not. 
Oct., 
Dfic. 

la 

1: 

IH 

2H 
12 
IB 

7 
IB 

7 

Jan., 
Nov.. 
Not., 
Not. 
Oct., 
Not., 

IM 
18 
18 
18 
18 
I 

1  28 
19 
IB 

Oct., 
•Tfln 

1 
18 

20 

4 
17 

li 

7 
7 

Oct., 
Oct., 
Jan., 
Dec, 
Fat.., 
Jan., 
Nov., 
Dec., 
Nny 

18 
18 
18 
IB 
1 

18 
18 
18 
IS 

28 
19 

Dec., 

Jan-, 

18 
18 

19 

'  19 
IS 

Oct., 
Oct.. 
Jan., 
Ort., 

IB 
18 
18 

1 

27 
19 

11 
,10 

7 

Nov., 
Oct., 
Not.. 
Feb, 
Nov. 
Not 

IB 
18 
1 

27 

Oct., 
Jan., 

•22 

Uec., 

' 

I  I  HelgbuD,  Jabei  William,  . 

I  Hendenon.  Charles  Bugselt, 

I  I  Henderson,  PIncknej  Harlon,   . 

(  HandrickBon.  Charles  DamaHn, 

I  ,  Henion,  John  Brlggi,  , 

)  Henotte,  Constant. 

1  Henrr,  John  Goodrich, 

1  Henahaw,  Geori;e  BriUges, 

i  ■  Hero,  John  Henrv,       . 

I  Herrick,  Edvn.rd  Barton, 

I  i  Herrick,  Joseph  Thomas, 

I  ;  HemeT,  Freeman  Clark, 

i  .  Hetherlnaton,  Gilbert  Edwin. 

I  I  Hewlna,  Parke  WoodDary, 

I  Hlcbborn,  Herman  OranTflle, 

t  I  Hlckaj.  Garrett  Joseph, 

I  I  Hicks,  Joseph,     . 

I  Hidden,  Charles  Waller, 

I  Higbee,  Edwin  Wilbur. 

I  Hlg^ns,  Frank  Albert, 

I  Hlgglns,  Henry  Itlcb, 

I  !  Hlgftini,  James  Kajden, 

I  i  Hlgglns,  John  Henry, 

i  .  Higtrinson.ElIa  Anritla, 

1  Hlldreth,  John  Lewis, 

I  Hlldreth,  William  Uartwell, 

I  Ulll,  Almon  Ward,      . 

I  Hill,  Calvin  Augustus, 

I  Hill,  Ira  Joseph,  . 

1  Hill,  Lucy  Clialoner,   . 

I  Hill,  Mary  Jenerson,    . 

I  Hill,  Noble  Hind, 

>  Hillman,  Benjamin,    . 

1  Hills,  Frederick  Lyman, 

I  '  Hills,  William  Barker, 

i  Hills,  William  Henry, 

1  Hilton,  George  WhilefielJ, 

t  Hiltpold,  Jacob,  . 

t  Hinchs,  William  SvlTsnua 

I  nines,  Aicbeians  Don, 

I  ,  HInes,  Francis  Edward, 

i  Hines,  Isaac  Brlgbt.    . 

I  I  HIpkIss,  George,  . 

)  '  Hitchcock,  Aiired  Owen, 

i  Hitchcock,  Edward  liigelow, 

I  ;  Hitchcock,  George  Goodwin, 

I  Hitcbcock,  Heury  Raase" 

I  Hitchcock,  John  Sawyer, 

i  Hitchcock,  Walter  Samuel  D 

I  Hoadley,  Alfred  Henry, 

1  Hobart,  Mary  Forrester, 

I  Hobbs,  Ezra  Allen.      . 

I  Hodgdon,  Andrew  Hall, 

1  <  Hodge,  Dwight  Munson, 

I  I  Hodges,  Aimon  Danforth,  . 

I  '■'  Hodges,  Richard  Hanaing, 

I  Hodgklns,  David  Webb, 

i  Hodgson,  Mary  Cobb, 

i  Hodgson,  Kicbard, 

t  :  Hodgson,  Thomas  8m Itiiton, 
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Record  of  those  Registered^  etc.  —  Continued. 


Cbktifioatb. 


a 
>5 


I 


3,614 
1,290 
3,197 

494 

520 
1,981 
1,742 
3,864 
3,097 

453 
3,705 
1,416 
1,165 
3,662 
3,550 
2,379 

191 

684 
1,534 
2,202 
1,397 
3,551 
1,976 
3.078 
3,079 

228 

768 
2,648 

187 
1,472 
3,037 

963 
95 
2.342 
1,469 
1,506 
3,462 
2,080 
3,461 
2,531 

609 
2.362 
2,425 
1,387 
1,429 
1,831 

572 
1,907 
2,248 
2,008 
2,586 
1,741 
3,644 
1,473 

887 
1,854 

418 
2,561 
1,449 
1,574 


A 
A 
A 
A 
A 
A 
A 
B 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
B 
A 
A 
A 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


DATB  OV  M8UB. 


Day. 


Montb. 


Tear. 


19 
7 
4 
19 
20 
27 

i  1^ 
29 

28 

19 

19 

7 

5 

19 

16 

8 

19 

23 

7 

4 

7 

15 

27 

28 

28 

17 

24 

17 

19 

7 

28 

30 

19 

8 

7 

7 

12 

30 

12 

10 

19 

8 

8 

7 

7 

20 

22 

21 

4 

27 

13 

19 

19 

7 

27 

20 

19 

13 

7 

12 


Jan., 

Nov., 

Jan., 

Oct., 

Oct., 

Nov.,' 

Nov.,; 

Mar., 

Dec, 

Oct., 

Jan  , 

Nov., 

Nov., 

Jan., 

Jan., 

Dec, 

Oct., 

Oct., 

Nov.,i 

Dec, ; 

Nov., 

Jan., 

Nov., 

Dec, 

Dec, 

Oct., 

Oct., 

Dec, 

Oct., 

Nov., 

Dec, 

Oct., 

Oct., 

Dec, 

Nov., 

Nov.,' 

Jan.,  i 

Nov.,i 

Jan., 

Dec, 

Oct., 

Dec, 

Dec  , 

Nov., 

Nov., 

Nov., 

Oct., 

Nov., 

Dec, 

Nov., 

Dec, 

Nov., 

Jan., 

Nov., 

Oct., 

Nov., 

Oct., 

Dec, 

Nov., 

Nov., 


1895 
1894 
1895 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1895 
1894 
1894 
1896 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1896 
1894 
1894 
1894 
1894 
1894 
1894 
1894 


Kama. 


Bealdence. 


Hodsklns,  Edward  Bryant, 
Hoffman,  Oustavus  Adolphns, 
Hogan,  Fremont  Lincoln,    . 
Hogner,  Per  Gnstaf  Richard, 
Holtt,  Eugene  Gorham, 
Holbrook,  George, 
Holbrook,  Gay,  . 
Holbrook,  Joseph  Edgar, 
Holbrook,  Levi  Bradford, 
Holbrook,  Silas  PInckney, 
Holbrook,  Solomon  Harding, 
Holbrook,  William,     . 
Holbrook,  William  Edward, 
Holcombe,  Charles  Clifford, 
Holden,  Aastin,  . 
Holden,  Charles  Samner, 
Holden,  Engene  Martin, 
Holden,  Leonard  Preston, 
Holden,  William  Daniel, 
Holland,  Allen  Joseph, 
Holland,  James  William, 
Holmes,  Alvin  Dennett, 
Holmes,  Charles  Moses, 
Holmes,  Harry  Bigelow, 
Holmes,  Horace  Marshall, 
Holmes,  Lydla  Maria, 
Holmes,  William  Dennison, 
Holmquist,  Gustavus, 
Holt,  Edward  Brown, 
Hoi  yoke,  Frank, 
Holyoke,  William  Cook, 
Homans,  John,    . 
Homans,  John,  2d, 
Homer,  John, 
Hooker,  Charles  Parker, 
Hooker,  Edward  Dwight, 
Hooper,  Everett  Dennison, 
Hooper,  Frederick  Hubbard, 
Hooper,  Harriet  Pearoier,  . 
Hopkins,  Samuel  Augustus, 
Hopkins,  Stephen  Worcester, 
Hopkins,  William  Sharpe, 
Morgan,  John  Augustus,     . 
Hornly,  Mary  Stamper, 
Horr,  Albert  Winslow, 
Hosmer,  Charles  Edward,  . 
Hough,  Garry  de  Neuville, 
Hough,  Georee  Thomas,     . 
Houghton,  Henry  Arvin,     . 
Houghton,  Henry  Lincoln, 
Houghton,  Niedhord  Hahnemann, 
Houghton,  Silas  Arnold,     . 
Houghton,  Simon  Wlllard, 
Houle,  .\nselme  Ephrem,   . 
Houle,  Joseph,    .        .       • 
Houston,  James, . 
Houston,  John  Alexander, 
Howard,  Amasa, 
Howard,  Arthur  Chadwick, 
Howard,  George  Canning,  . 


Springfield. 

Lvnn. 

Medford. 

Boston. 

Marlborough. 

Springfield. 

Lowell. 

Salem. 

Revere. 

East  Douglas. 

Salem. 

Palmer. 

Lynn. 

Lee. 

Cambridge. 

Attleborough. 

Boston. 

Boston. 

Haverhill. 

Boston. 

Westeeld. 

Hyde  Park. 

Northampton. 

Adams. 

Adams. 

Needham. 

Boston. 

Worcester. 

Lowell. 

Holyoke. 

Boston. 

Boston. 

Boston. 

Newburyport. 

Springfield. 

Boston. 

Minis. 

New  Bedford. 

Millis. 

Boston. 

Lyttn. 

Lynn. 

Boston. 

Boston. 

Boston. 

South  Bilierica. 

New  Bedford. 

New  Bedford. 

Charlestown. 

Boston. 

Boston. 

Brook  line. 

Hazardville. 

Huntington. 

Spencer. 

Lawrence. 

Northampton. 

Chelmsford. 

Boston. 

Lawrence. 
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[Jan. 


Record  of  those  Registered^  etc.  —  Continued. 


CSBTIFnUTB. 


I 


i 


1,912 
3,147 
2,140 
3,544 
2.480 

022 
2,333 
2,462 
1,450 
3,704 
1,057 
1,812 
2,045 
2,057 

843 
2,285 

273 

387 
2,366 
1,046 

490 
1,668 
1,461 
3,023 
3,612 
3,489 
2,714 
2,824 
3,475 
3,439 

766 

243 

2,816 

2,877 

3,416 

69 

106 
1,197 

462 
2,364 
3,610 
2,608 
2,019 
3,605 
2,849 

998 
19 
3,3.')8 
2,161 
39 
2,981 
2,879 
3,224 
1,358 
1,998 
1,975 
2,737 
1,491 
1,116 
2,655 


A 
A 
A 
A 
A 
A 
A 
B 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 


DATS  OF  IMCB. 


Day.  Month. 


Taftr. 


21 

3 

80 
15 
10 
12 
20 

8 
10 

7 
19 
31 
20 
30 
30 
26 

8 
17 
19 

8 
31 
19 
19 

7 

28 
19 
12 
17 
22 
12 
12 
24 
17 
22 
22 
12 
19 
19 

5 
19 

8 
19 
14 
30 
19 
22 
30 
19 

8 

30 
19 
26 
22 

4 

7 

27 
27 
19 

7 
31 
17 


Nov.," 

Jan.,  I 

Nov.,  I 

Jan.,  I 

Dec," 

Nov., 

Oct.,  . 

Dec, 

Dec, 

Nov., 

Jan., 

Oct.,  ' 

Nov., 

Nov., 

Nov.,' 

Oct,  I 

Dec , 

Oct, 

Oct, 

Dec, 

Oct., 

Oct., 

Nov.,' 

Nov., 

Dec, 

Jan., 

Jan., 

Dec, 

Dec, 

Jan., 

Jan., 

Oct., 

Oct., 

Dec, 

Dec, 

Jan., 

Oct., 

Oct., 

Nov., 

Oct., 

Dec, 

Jan., 

Dec, 

Nov., 

Jan., 

Dec, 

Oct., 

Oct., 

Jan., 

Nov., 

Oct, 

Dec, 

Dec, 

Jan., 

Nov., 

Nov., 

Nov., 

Dec, 

Nov., 

Oct., 

Dec, 


1894 
1895 
1894 
1896 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1896 
1894 
1894 
1896 
1895 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1896 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 


Name. 


Howard,  Herbert  Barr, 
Howe,  Elsie  Brewster, 
Howe,  Fmncis  Angnstine, 
Howe,  George  Joseph, 
Howe,  James  SalUvan, 
Howe,  Octavins  Thomdike, 
Howe,  Oliver  Hunt,    . 
Howell,  Ella  Virginia, 
Howes,  Clarence  linden, 
Howes,  Pitts  Edwin,  . 
Howklns,  Horatio  Gates, 
Howland,  Barker  Casbman 
Hoyt,  Edward  Malcom, 
Hoyt,  Walter  Scott,     . 
Hnbbard,  Charles  Tbacber, 
Habbard,  Frank  Allen, 
Hnbbard,  George  William, 
Habbard,  Joslah  Clark, 
Habbard,  Osroon  Hantlej, 
Habbard,  Rafas  Peabodj, 
Habbard,  ^^imeon  Pease, 
Hubbard,  William  Allen, 
Hubbell,  Adelbert  Merton, 
Hudnnt,  Frank  Parker, 
Hull,  Ernest  Liverus,  . 
Hall,  John  B/ron, 
Hull,  William  Henry, 
Hulme,  Laura  Pavne, 
Hnlse,  Lester  Addison, 
Humphrey,  Daniel,     . 
Hanking,  Charles  Dustin, 
Hant,  Allston  Frost,    . 
Hunt,  Charles  Richard, 
Hunt,  Daniel  Lawrence, 
Hunt,  David, 
Hunt,  George, 
Hunt,  George  Eddy,    . 
Hunt,  Israel  Thomdike, 
Hunt,  John  Abram,     . 
Hunt,  Lemuel  Judson, 
Hunt,  William  Otis,    . 
Hunter,  Horatio  Milton, 
Hunting,  Nathaniel  Stevens 
Huntoon,  Hasten  Prescott, 
Huntress,  Leonard, 
Hurd,  Alonso  L., 
Hurd,  Edward  Payson, 
Hurd,  George  Piatt,    . 
Hurd,  William  Weymouth, 
Hurley,  Daniel  Madison, 
Hnrtubise,  Louis  Francis  Atbagoase, 
Hasted,  Louise  Akerty, 
Hatchings,  Charles  William 
Hutchings,  Joseph  Henry, 
Ilntcbins,  George  Henry, 
Hutchins,  Isaiah, 
Hutchinson,  Charles  Martin, 
Hatchlnson,  Chessman  Palmer, 
Hutchinson,  Ciaribel  Merrill, 
Hutchinson,  Edwin  Darius, 
Hutchinson,  Ellen  Angeline  Kidder, 


Tewksbary. 

Northampton. 

Newbuirport. 

Central  FalU,  R.I. 

Brookline. 

Lawrence. 

Cohasseu 

Boston. 

HaDover. 

Roslindale. 

SpriDfrfield. 

New  Bedford. 

GeoTKelown. 

Waltfaam. 

Taanton. 

Taunton. 

South  HadlcT. 

Holjoke. 

Walpole. 

Boston. 

Taanton. 

Boston. 

Haverhill. 

Needharo. 

Westfield. 

Williamstown. 

Holbrook. 

Worcester. 

Boston. 

Lawrenoe* 

HaverhUl. 

Swampecott. 

New  Bedford. 

Boston. 

Boston. 

Bridge  water. 

Needham. 

Boston. 

Taanton. 

Boston. 

Newton. 

Lowell. 

Qaincy. 

Boston. 

Lowell. 

Somers,  Conn. 

Newbury  port. 

Marion. 

Adams. 

Webster. 

Lowell. 

Boston. 

Boston. 

Wobum- 

Wobum. 

West  ActoD. 

Cambridge. 

HollistoD. 

Waltham. 

Westfield. 

Newburyport- 
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Becord  of  those  Segistered,  etc.  —  Continued. 


CSKTiriOATB. 

Name. 

1 

i 

DATS  ov  nauB. 

Bdtldenc*. 

a 

Day. 
19 

Month. 

Year. 

408 

A 

Oct., 

1894 

Hutchinson,  Marcello 

Foxborough. 

78 

B 

19 

Oct., 

1894 

Hutchinson,  Nelson  Vinal, .... 

Abington. 

1,529 

A 

7 

Nov., 

1894 

Hyde,  George  Smith, 

Boston. 

2,730 

A 

19 

Dec, 

1894 

Hyde,  Seneca  Tol>ia8, 

Boston. 

426 

A 

19 

Oct., 

1894 

Ilsley,  Frederick  Rosooe,     .... 

Boston. 

2,514 

A 

10 

Dec, 

1894 

Inches,  Charles  Edward,     .... 

Boston. 

1,192 

A  1 

5 

Nov., 

1894 

Ingalls,  George  Hancock,    .... 

Jamaica  Plain. 

946 

A 

29 

Oct., 

1894 

Ingalls,  William, 

Boston. 

1,440 

A 

7 

Nov., 

1894 

Ingraham,  Lena  Vaughn,   .... 

Boston. 

529 

A 

20 

Oct., 

1894 

Ingram,  Mary  Petronella  de  Booij,*  . 

Edinburgh,  Scot. 

2,059 

A 

30 

Nov., 

1894 

Irish,  John  Carroll, 

Lowell. 

3,084 

A 

28 

Dec  , 

1894 

Irvine,  William  Herbert,     .... 

Newbury  port. 

1,721 

A 

19 

Nov., 

1894 

Jack,  Edwin  Everett,  .        .        .        .        . 

Boston. 

1,945 

A 

27 

Nov., 

1894 

Jack,  Ernest  i>anfbrd, 

Melrose. 

2,191 

A 

30 

Nov., 

1894 

Jack,  Frederick  Lafayette,  .... 

Boston. 

3,003 

A 

•28 

Doc, 

1894 

Jack,  Kol)ert, 

Boston. 

2,153 

A 

30 

Nov., 

1894 

Jackson,  Amos  Me»ser,       .... 

Fall  River. 

1,878 

A 

21 

Nov., 

1894 

Jackson,  Charles  William 

Monson. 

1.74S 

A  1 

19 

Nov., 

1894 

Jackson,  Cornelius  Sampson,     . 

Hudson. 

219 

A 

17 

Oct., 

lh94 

Jackson,  E>)en, 

Somerville. 

2,473 

A  ' 

10 

Dec  , 

1894 

Jackson,  Fred  William,      .... 

Weston. 

183 

A 

19 

Oct, 

1894 

Jackson,  Henry, 

Boston. 

1,229 

A 

5 

Nov., 

1894 

Jackson,  James  Marsh,       .... 

Boston. 

2,284 

A 

8 

Dec, 

1894 

Jackson,  John  Henry,         .... 

Fall  River. 

2,592 

A 

13 

Dec, 

1894 

Jackson,  Ralph  Wentworth, 

Fall  River. 

920 

A 

29 

Oct., 

1894 

Jackson,  Samuel  Hahnemann,    . 

Boston. 

604 

A 

22 

Oct., 

1894 

Jackson.  William  Benjamin, 

Lowell. 

6.50 

A 

22 

Oct., 

1894 

Jackson,  William  I«avitt,  .... 

Boston. 

2,197 

A 

30 

Nov., 

1894 

Jacques,  Napoleon, 

Worcester. 

2,988 

A 

28 

Dec, 

1894 

Jaffe,  James  Arthur, 

Boston. 

2,274 

A 

8 

Dec, 

1894 

James,  Frances  Celicia,       .... 

Chelsea. 

2,324 

B 

8 

Dec, 

1894 

James,  Woodbury  Dyer 

Boston. 

3,294 

B 

4 

Jan  , 

1895 

Jameson,  Robert  Edwin,     .... 

Jamaica  Plain. 

1,708 

A  1 

19 

Nov., 

1894 

Janes,  George  Herbert 

Westtield. 

1,586 

A 

12 

Nov  , 

1894 

Janson-La-Palme  Rodoiphe  Gaspard, 

Lawrence. 

1,642 

A  i 

15 

Nov., 

1894 

Jaques,  Henry  Percy, 

Milton. 

1,889 

A 

21 

Nov., 

1894 

Jarvis,  William  Furness,     .... 

Waltham. 

1,994 

A 

27 

Nov., 

1894 

Jefferson.  Herbert  Perry,     .... 

Lowell. 

3,349 

A 

8 

Jan., 

1895 

Jeffries,  Benjamin  Joy,        .... 

Boston. 

1,284 

B 

7 

Nov., 

1894 

Jelen,  Henry, 

Boston. 

3,266 

A 

4 

Jan., 

1895 

Jelenkewitz,  Jacob, 

Boston. 

2,029 

A 

30 

Nov., 

1894 

Jelly,  Arthur  Carlton,         .... 

Boston. 

166 

A 

19 

Oct., 

1894 

Jelly,  George  Frederick,     .... 

Boston. 

836 

A  1 

26 

Oct, 

1894 

Jenckes,  Joseph  Franklin,  .... 

Wrentham. 

1,223 

B 

6 

Nov., 

1894 

Jenkins,  Charles  Dansford, 

Boston. 

3,592 

A  1 

19 

Jan., 

1895 

Jenkins,  Charles  Edwin,     .... 

Lynn. 

3,449 

A 

12 

Jan., 

1896 

Jenkins,  George  Oscar,        .... 

Boston. 

3,578 

A 

19 

Jan., 

1895 

Jenkins,  Thomas  Lincoln,  .... 

Topsfield. 

2,182 

A 

30 

Nov., 

1894 

Jenks,  Harrison  Darling,     .... 

Boston. 

3,600 

A 

19 

Jan., 

1895 

Jenks,  Thomas  Leighton,    .... 

Boston. 

1,364 

A 

7 

Nov., 

1894 

Jenness,  Sarah  Abbie,         •       .        .    *    . 

Boston. 

2,076 

A 

30 

Nov., 

1894 

Jenney,  Arthur  Barker,       .... 

Stoneham. 

1,883 

A 

21 

Nov., 

1894 

Jernegan,  Holmes  Maybew, 

Boston. 

2,736 

A 

19 

Dec, 

1894 

Jeweti,  Fred  Bryce, 

Maiden. 

2,810 

A 

22 

Dec, 

1894 

Jewett,  Frederick  Augustus, 

Grafton. 

1,688 

A 

12 

Nov., 

1894 

Jewett,  Howard  Clifton,      .... 

Haverhill. 

2,258 

A 

8 

Dec, 

1894 

Jewett,  Henry  Alfred,         .... 

Northborongh. 

2,357 

A 

8 

Dec, 

1894 

Jewett,  Nathaniel 

Ashbumham. 

618 

A 

20 

Oct., 

1894 

Jillson,  Franklin  Campbell, 

Boston. 

*  New  Bogland  Hospital  DlspeoMry. 
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REGISTRATION  IN  MEDICINE. 


[Jan. 


Record  of  those  Registered,  etc.  —  Continaed. 


CsninoATB. 

i 

« 

j>h!tm  or  lasuB. 

1 

1 

Daj.  Month. 

Tear. 

8,695 

A 

19 

Jan., 

1896 

1,117 

A 

1  31 

Oct., 

1894 

8,826 

B 

8 

Jan., 

1896 

2,471 

A 

10 

Dec, 

1894 

405 

A 

19 

Oct, 

1894 

527 

A 

20 

Oct, 

1894 

1,942 

A 

27 

Nov., 

1894 

53 

A  •  19 

Oct., 

1894 

2,618 

A  '  10 

Dec, 

1894 

299 

A  '  17 

Oct., 

1894 

2,893 

A  ,  22 

Dec, 

1894 

8,399 

A   10 

Jan., 

1895 

2,670 

A  '  13 

Dec , 

1894 

1,803 

A  '  19 

Nov., 

1894 

167 

A  '  19 

Oct., 

1894 

2,625 

A  :  10 

Dec, 

1894 

1,053 

A  '  31 

Oct., 

1894 

2,467 

A   10 

Dec, 

1894 

2,808 

A   22 

Dec, 

1894 

1,273 

A   5 

Nov., 

1894 

797 

A   26 

Oct., 

1894 

2,104 

A  '  30 

Nov., 

1894 

671 

A  .1  22 

Oct., 

1894 

968 

A 

30 

Oct., 

1894 

2,720 

A 

17 

Dec, 

1894 

1,268 

A  ! 

6 

Nov., 

1894 

3,626 

B  ' 

16 

Jan., 

1896 

2,696 

A 

14 

Dec, 

1894 

1,658 

A  ,  16 

Nov., 

1894 

1,147 

A  1  1 

Nov., 

1894 

8,173 

A 

4 

Jan., 

1895 

1,671 

A  i  12 

Nov., 

1894 

1,346 

A   7 

Nov., 

1894 

1,961 

A   27 

Nov., 

1894 

3,099 

A  '  28 

Dec, 

1894 

8,376 

A  !  8 

Jan., 

1896 

3,761 

A  ;  11 

Feb, 

1895 

1,926 

^  i 

21 

Nov., 

1894 

120 

A  1 

19 

Oct, 

1894 

8,492 

A  '   12 

Jan., 

1896 

8.848 

A   8 

Jan., 

1895 

830 

A 

26 

Oct., 

1894 

2,430 

B 

8 

Dec, 

1894 

8,167 

A 

3 

Jan., 

1896 

1,093 

A   81 

Oct., 

1894 

2,908 

A 

22 

Dec, 

1894 

2,036 

A 

30 

Nov  , 

1894 

2,328 

A 

8 

Dec, 

1894 

2,602 

A  .1  10 

Dec, 

1894 

8,667 

A   19 

Jan., 

1895 

623 

A  i  22 

Oct, 

1894 

568 

A   22 

Oct., 

1894 

883 

A   27 

Oct., 

1894 

1.174 

A 

6 

Nov., 

1894 

1,515 

A 

7 

Nov., 

1894 

2,484 

A 

10 

Dec, 

1894 

3,698 

A 

19 

Jan., 

1896 

2,113 

A 

30 

Nov., 

1894 

2,563 

A   18 

Dec, 

1894 

2,991   A 

28 

Dec, 

1894 

Name. 


Johnson,  Amos  Howe, 
Johnson,  Charles  Frederic, . 
Johnson,  Charles  Lemoel,  . 
Johnson,  Edward  Stearns,  . 
Johnson,  Francis  Emefhon, 
Johnson,  Frederick  William, 
Johnson,  John  Gore,  . 
;  Johnson,  John  Waldo, 
Johnson,  Orville  Edson, 
I  Johnson,  Otis  Henry,  . 
Johnson,  Sara,     • 
Johnson,  Stephen  Joseph, 
Johnson,  William  Aagustu.«, 
Johnson,  William  Loais, 
Johnstone,  William  Joseph 
Jones,  Charles  David, 
Jones,  Ciande  Perry,   . 
Jones,  Daniel  Way  land, 
Jones,  Elbert  Archer,  . 
Jones,  Elgin  Wilbor,  . 
Jones,  Ellis  Preston,   . 
Jones,  George  Howard, 
Jones,  George  Warren, 
Jones,  Gilbert  Norris, . 
Jones,  Henry  Newell, . 
Jones,  John  Clark, 
Jones,  John  Paul, 
Jones,  Joseph, 
Jones,  Lombard  Carter, 
Jones,  Lvman  Asa, 
Jones,  Mary  Elizabeth, 
Jones,  Sophia  Carlton, 
Jones,  William  Marks, 
Jordan,  Charles,  . 
Jordan,  Charles  Harold, 
Jordan,  George  Albert, 
Jordan,  Henry  Jacob, 
Josselyn,  Eli  Edwards, 
Joyce,  Charles  Pitt  Fid, 
Joyce,  Thomas  Francis, 
Judah,  Lucian  Alexander, 
Judd,  David  Hiram,    . 
Jadge,  James  Daniel,  . 
Juditins,  Frank  Laveile, 
Kaan,  George  Warton, 
Kahn,  Alexander, 
Kane,  John  Henry, 
Kamer,  Edwin  Belden, 
Kean,  Louise  Janett  Damstaedt 
Keating,  James  Edward, 
Keefe,  Daniel  Edward, 
Keefe,  Patrick  Henry, 
Keegan,  Charles  Andrew, 
Keegan,  Vincent  El^ah, 
Keenan,  Herbert  John, 
Keep,  Charles  Manning, 
Keife,  Carolyn  Ignasce, 
Keith,  Ellen  Louisa,    . 
Keith,  Frederick  Scott, 
Keith,  George  Wallace, 


Salem. 

Newbnryport. 

West  Somerrilte. 

Chelsea. 

Erving. 

Boston. 

WellfleeL 

Boston. 

Winthrop. 

Haverhill. 

Boston. 

Lowell. 

Lowell. 

Uxbridge. 

Boston. 

Maiden. 

Boston. 

Boston. 

Uxbrldge. 

Lrnn. 

Maiden. 

Boston.. 

Cambridgepoit 

Gloucester. 

Kingston. 

Boston. 

North  AbtogtoD. 

Tyringham. 

Melrose. 

Worcester. 

Boston. 

Boston. 

Lowell. 

Wakefield. 

Winchester. 

Worcester. 

Boston. 

HanoTer. 

Boston. 

Lvnn. 

Washington,  D.r. 

Boston. 

Boston 

Ljnn. 

Boston. 

Boston. 

Sprinf^eld. 

New  MarlboroDfi 

Boston. 

Natick. 

SpringfieM. 

Worcester. 

Marlborougb. 

Boston. 

Boston. 

Brookline. 

Holyokc 

Westboroogb. 

Waltham. 

Boston. 
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Beeord  of  those  Begistered,  etc — Contiinaed. 


CnnFioATB. 


• 

DATX  or  U8US. 

g 

£ 

& 

Dfty. 

MoDth. 

Tear. 

2,789 

A 

22  Dec, 

1894 

3,669 

A 

19  '  Jan., 

1895 

3,378 

A 

8 

Jan., 

1895 

1,127 

A 

1 

Nov., 

1894 

3,671 

A 

19  Jan., 

1895 

1,321 

A 

7  Nov., 

1894 

3,114 

A 

28  .  Dec, 

1894 

2,679 

A 

13  Dec, 

1894 

2,555 

A 

13  Dec, 

1894 

3,227 

A 

4  Jan., 

1895 

459 

A 

19  Oct., 

1894 

3,393 

A 

10  Jan., 

1896 

1,654 

A 

15  Nov., 

1894 

2,671 

A 

17  Dec, 

1894 

2,288 

A 

8  Dec, 

1894 

264 

B 

17  Ocl., 

1894 

2,786 

A 

19  Dec, 

1894 

2,304 

A 

8  ,  Dec, 

1894 

3,244 

A 

4 

Jan., 

1895 

3,561 

A 

19 

Jan., 

1895 

1,446 

A 

7 

Nov., 

1894 

1,495 

A 

7  ,  Nov., 

1894 

2,302 

A 

8  Dec, 

1894 

2,301 

A 

8  Dec, 

1894 

3,115 

A 

28  Dec, 

1894 

2,784 

A 

22  Dec, 

1894 

3,520 

A 

14  Jan., 

1895 

1,570 

B 

12  Nov., 

1894 

3,626 

A 

19  \  Jan., 

1895 

640 

B 

20  Oct., 

1894 

3,142 

A 

3  Jan., 

1895 

2,422 

A 

8  Dec, 

1894 

3,387 

A 

8  ,  Jan., 

1895 

3,588 

A 

19 

Jan., 

1895 

2,677 

A 

17 

Dec, 

1894 

1,562 

A 

12 

Nov., 

1894 

772 

A 

24 

Oct., 

1894 

3,748 

A 

11 

Feb., 

1895 

1,639 

A 

7 

Nov., 

1894 

1,817 

A 

20  Nov., 

1894 

3,207 

A 

4  Jan., 

1895 

1,248 

A 

5  Nov., 

1894 

2,087 

A 

30  1  Nov., 

1894 

2,710 

A 

17  '  Dec, 

1894 

3,321 

A 

4  Jan., 

1895 

2,886 

A 

22  Dec, 

1894 

3,728 

B 

28 

Jan., 

1895 

864 

A 

27 

Oct., 

1894 

3,640 

A 

19 

Jan., 

1895 

1,679 

A 

19 

Nov  , 

1894 

156 

A 

19 

Oct., 

1894 

3,442 

A 

12  I  Jan., 

1895 

3,477 

A 

12  Jan., 

1895 

1,293 

A 

7  ;  Nov., 

1894 

3,086 

A 

28  j  Dec, 

1894 

3,457 

A 

12  i  Jan., 

1895 

1,707 

A  ■ 

19  Nov., 

1894 

3,664 

A 

19 

Jan., 

1895 

3,469 

A 

12 

Jan., 

1895 

2,637 

• 

A 

17 

Dec, 

1894 

Kame. 


•» 


H 


Keith,  Wallace  Cushinff, 
Keleher,  Ftancis  Josepn, 
Keleber,  William  Henry, 
Keller,  Elizabeth  Catherine, 
Kelley,  George  Wallace, 
Keiley,  Horatio  Sprague,  Jr. 
Kelley,  Joseph  Henry,  , 
Kelley,  Michael  Joseph, 
Kelley,  Seth  Wight,     . 
Kelliher,  Michael  William, 
Kellogg,  Edward  Brinley, 
Kellogg,  Frederic  Leroy, 
Kelly,  Michael,    . 
Kelly,  Samael  James, 
Kelly,  William  P, 
Kelsay,  Brookens  Campbell, 
Kelsey,  Otis  Hiland,    . 
Kemble,  Arthur,  . 
Kemp,  Edwin  Angnstine, 
Kennealy,  John  Henry, 
Kennedy,  Alexander  Edward, 
Kennedy,  Alonzo  Lewis, 
Kennedy,  Catherine  Moloney, 
Kennedy,  Charles  Francis  Joseph, 
Kennedy,  Frederick  William, 
Kennedy,  George  Qolding, . 
Kennedy,  James  Simon, 
Kennedy,  Thomas  Patrick, 
Kenney,  Franklin  Woodbury, 
Kent,  Daniel  Hurley,  • 
Kenyon,  Henry  Jesse, 
Keown,  James  Archibald,  . 
Kidder,  Edward  Hamilton, 
Kielty,  John  Daniel,    . 
Kier,  Erskine  Johnston,     . 
Kilbnm,  Henry  Whitman, . 
Kilby,  Henry  Sherman, 
Kiley,  Edward  Stephen, 
Kilroy,  Philip,     . 
Kimball,  Joseph  Edwin, 
Kimball,  Leonard  Morong, 
Kimball,  Levi  Houghton,    . 
Kimball,  Samuel  Ayer, 
Kimball,  William  George,  . 
Kimpton,  Edwin  Sewell,     . 
King,  Calvin  Bryant,  . 
King,  Charles  Duncan, 
King,  Nathaniel  Ciark, 
Kingman,  James  Henry,     . 
Kingman,  Rnfus  Anderson, 
Kingsbury,  Albert  Dexter,  . 
Kingsbury,  Charles  Franklin, 
Kingsbury,  Joseph  Byron,  . 
Kingsbury,  Charles  Langdon, 
Kingsley,  Charles, 
Kinne,  Georg:e  Lyman, 
Kinney,  Eunice  Draper, 
Kinney,  John  Edgar,  . 
Kinnler,  Denis  Francis, 
Kirby,  Thomas  Edward,     . 


Beiidenot. 


Brockton. 

Boston. 

Wobum. 

Boston. 

Camden,  S.  C. 

West  Dennis. 

Worcester. 

Watertown. 

Wobum. 

Pawtucket,  R.  I. 

Boston. 

Somervllle. 

Fall  River. 

Fall  River. 

Pittsfield. 

Boston. 

Springfield. 

Salem. 

Danven. 

Boston. 

Boston. 

Boston. 

Springfield. 

Springfield. 

Lawrence. 

Boston. 

Boston. 

Boston. 

Lynn. 

Boston. 

Worcester. 

Lynn. 

Fall  River. 

Fitchburg. 

East  Boston. 

Boston. 

No.  Attleborough. 

Pawtucket,  R.  1. 

Springfield. 

Chelsea. 

Boston. 

Boston. 

Boston. 

Huntington. 

Charlestown. 

Belchertown. 

Brockton. 

Campello. 

Pawtucket,  R.  I. 

Boston. 

Boston. 

West  Medford. 

Holbrook. 

Boston. 

Franklin. 

Holyoke. 

Boston. 

Boston. 

Randolph. 

Upton. 
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[Ju. 


Beeord  of  those  Begistered,  ete.  —  Continoed. 


CCBTiriCATB. 

Hame. 

1 

DATS  or  isauB. 

BoUeBMi 

Day. 

Montb. 

Tear. 

1,287 

A 

6    Nov., 

1894 

Kirk,  Lac7  Anne, 

Boston. 

1,712 

A 

19    Nov., 

1894 

Kittredge,  Joseph, 

Boston. 

3,661 

A 

19  1  Jan., 

1896  , 

Kittredge,  Thomas, 

Salem. 

246 

A 

17  1  Oct., 

1894 

Klein.  Angust  Andreas,       .... 

Boston. 

8,616 

A 

19  '  Jan., 

1895 

Klennier,  Wilhelm  Nickolans,    . 

Springfield. 

2,184 

A 

30    Nov., 

1894  . 

Kladg^jlan,  Assadoar  Hagot, 

Boston. 

1,840 

A 

20    Nov., 

1894 

Knappy  Philip  Coombs,  Jr., 

Boston. 

ea 

A 

1  19  '  Oct., 

1894  > 

Knight,  Augustus  Smith,    .... 

Boston. 

3,160 

A 

1    3    Jan., 

1896  , 

Knight,  Charles  Sumner,    .... 

Marlborough. 

876 

A 

27    Oct., 

1894 

Knight,  Frederick  Irving,    .... 

Boston. 

2,221 

A  • 

1    5 

JJOC, 

1894 

Knight,  Oranvllie, 

Maiden. 

728 

A 

;24 

Oct., 

1894 

Knight,  Henry  Sargent,      .... 

Worcester. 

3,299 

A 

'    4  ,  Jan., 

1895 

•  Knight,  Joseph  Noble,        .... 

Sangus. 

1,646 

A 

15 

Nov., 

1894 

Knight,  Marcus  Whitney,  .... 

Milford. 

2,292 

A 

1    8 

Dec , 

1894 

Knowles,  James  Harris,      .... 

Gloucester. 

562 

A 

22    Oct., 

1894  . 

Knowles,  William  Fletcher, 

Boston. 

3,641 

A 

15    Jan., 

1895  , 

Knowles,  William  Kelley,  . 

Everett. 

97 

A 

19  ,  Oct., 

1894 

'  Knowlton,  Charles  Davison, 

Boston. 

8,176 

A  1 

4    Jan., 

1895 

'  Knowlton,  Herbert  Eugene, 
Knowlton,  Wallace  Mills,  .... 

Cambridge. 

1,301 

A  1 

7  1  Nov., 

1894 

Brookline. 

1,441 

B  i 

;    7 

Nov., 

1894 

Kohan,  Alexander 

Boston. 

1,686 

A 

19 

Nov., 

1894  ' 

{  Konikow.  Moses  Joseph,     .... 

Boston. 

968 

A 

1  30 

Oct., 

1894  • 

1  Krauss,  James,    .       .       . 

Maiden. 

407 

A 

19 

Oct., 

1894 

Krebs,  Franz  Hugo, 

Boston. 

1,760 

B 

19    Nov., 

1894 

Kronberger,  Israel  Barnch, 

Boston. 

3.229 

A 

4  ■  Jan., 

1895 

,  LAforce,  Edward  Dontial,   .... 

Famnmsville. 

3,010 

B 

28    Dec., 

1894 

;  L' African,  Engine, 

Fiskdale. 

3,628 

A 

19    Jan., 

1895 

Laidley,  John  Baine,  .       .               .        . 

Conway. 

3,370 

A 

8    Jan., 

1895  . 

Lajoie,  Louis  Zotlque,         .... 

Haverhill. 

1,307 

A 

7    Nov, 

1894 ; 

Lake.  Hiram 

HoUiston. 

1,568 

A  ' 

12    Nov., 

1894 

La  Marche,  Walter  Joseph, 

Cambridge. 

2,314 

A 

8    Dec, 

1894 

Lamb,  Colby, 

Salem. 

1,706 

A 

19     Nov., 

1894 

i  Lamb,  Frances  Gertrude,    .... 

Salem. 

708 

A 

23     Oct., 

1894 

I«amoureux,  Joseph  Elz<Sar, 

Lowell. 

1,381 

A 

'    7    Nov., 

1894 

'  I^amson,  John  Augustus,    .... 

Boston. 

2,897 

A 

22    Dec, 

1894 

Lancaster,  Sherman  Russell, 

Cambridge. 

890 

A 

27    Oct., 

1894 

,  Lancaster,  Walter  Brackett, 

Wellesley  Hilli. 

3,267 

B 

4 

Jan., 

1895  ! 

1  Lande,  Abraham  Joseph,   .... 

Boston. 

2,287 

B ; 

8    Dec, 

1894 

Landis,  Lillian  Etta. 

Boston. 

1,024 

A 

31     Oct., 

1894 

Landls,  Simon  Mohler,       .... 

Boston. 

2,464 

A 

10    Dec, 

1894 

Landry,  Napoleon, 

New  BedfOTd. 

1,992 

A 

27  '  Nov., 

1894 

Lane,  Albert  Clarence,        .... 

West  MedfonL 

2,399 

A 

8    Dec, 

1894 

Lane,  Charles  Franklin 

TJsbury. 

301 

A 

17  1  Oct., 

1894 

1  lAne,  Edward  Binney,        .... 

Roslindale. 

2,149 

A 

80    Nov., 

1894 

i  Lane,  Francis  Augustus,     .... 

Boston. 

2,833 

B 

22  '  Dec, 

1894 

Lane,  Ida  Ella  Hale, 

Boston. 

2,855 

A 

22  1  Dec, 

1894 

Lane,  John  Goodwin, 

Boston. 

1,872 

A 

21 

Nov., 

1894 

Lane,  Orville  Wilbur, 

Gt  Barrington. 

563 

A 

22 

Oct., 

1894 

Lane,  Robert  Low, 

Somerville. 

1,978 

B 

;  27  '  Nov., 

1894 

Lane,  William  Colton,         .       .        .        . 

Cambridge. 

1,871 

A 

21  ,  Nov., 

1894 

Langevin,  Joseph  Alphonse, 

Millbniy. 

3,392 

A 

10 

Jan., 

1896 

Langlois,  Joseph  Augustine, 

Pittsfidd. 

2,621 

A 

10  '  Dec , 

1894 

Langmaid.  Samuel  Wood,  .... 

Brookline. 

2,635 

B 

!  14    Dec. 

1894 

Lanman,  Charles  Henry.     .... 
I Anoie,  Joseph  EusibeJSugene, . 

Boston. 

2,650 

A 

17 

Dec, 

1894 

Fall  River. 

1,166 

A 

6 

Nov., 

1894 

Lapraik,  John, 

Boston. 

2,958 

A 

26  '  Dec, 

1894 

lArge,  Alfred, 

Larkeque,  Garret  Bancroft  Breckinbridge, 

Gt.  Barrinfitofl. 

8,204 

B 

4    Jan., 

1895 

Atbol. 

2,778 

A 

19    Dec, 

1894 

Larose,  Paul  Herbert,         .... 

Indian  Orrbaid. 

2,669 

A 

17    Dec, 

1894 

Lartie,  Joseph  Charles  Hormisdas,    . 

Ludlow. 

■ 

1895.] 
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Beeord  of  those  Registered,  etc.  —  Continued. 


'  Cz 

BTiriC 
DA 

SATS. 

i 

m 

TB  or  XMUB. 

Name. 

Reeldeiioe. 

• 

1 

9 

1 

Day. 

Month. 

Tear. 

1,631 

A 

15 

Nov., 

1894 

Latham,  Caroline  Augusta, 

Leominster. 

3,189 

A 

4 

Jan., 

1895 

Lathe,  Leonora  Fletcher,     . 

Cambridge. 

1,820 

A 

20 

Nov., 

1894 

Lathrop,  William  Henry,    . 

Lowell. 

3,354 

A 

8 

Jan., 

1895 

,  Latter,  Leonard 

Monument  Beach. 

3,017 

B 

28 

Dec, 

1894 

Laurence,  David, 

Crescent  Beach. 

3,501 

A 

12 

Jan., 

1895 

Lawler,  Thomas  Joseph,     . 

Boston. 

1,635 

A 

15 

Nov., 

1894 

Lawler,  William  Patrick,    . 

Lowell. 

3,oai 

A 

28 

Dec, 

1894 

Lawrence,  John  Herbert,     . 

Boston. 

2,110 

A 

30 

Nov., 

1894  • 

Lawrence,  Joseph  Henrj,   . 

Brockton. 

1,013 

A 

30 

Oct., 

1894 

Lawrence,  Rboda  Ashley,  . 

Boston. 

1,296 

A 

7 

Nov., 

1894 

Lawson,  Frederick  Bartlett, 

Boston. 

3,615 

A 

19 

Jan., 

1896 

Leach,  Albert  Clinton, 

,       • 

Boston. 

1,076 

A  ; 

31 

Oct., 

1894 

Leach,  Clara  Celestia  Austin, 

Boston. 

1,061 

A 

31 

Oct., 

1894 

Leach,  Edward  Morton, 

Rockdale. 

1,066 

A 

31 

Oct . 

1894 

Leach,  Horace  Morton, 

Charlton  City. 

2,753 

A 

19 

Dec, 

1894 

Leach,  William,   . 

Vineyard  Haven. 

278 

A 

17 

Oct., 

1894 

Leahey,  George  Henry  Aloysius, 

Lowell. 

3,507 

A 

12 

Jan., 

1895 

Leahv,  Thomas  Joseph, 
Leard,  John  Samuel  Hick,  . 

CambrMgeport. 

1,063 

A 

31 

Oct., 

1894 

Boston. 

3,532 

B 

15 

Jan., 

1895 

Learned,  Noyes  Newton,     . 

Boston. 

560 

A 

22 

Oct., 

1894 

Learned,  John  Barr,    . 

Florence. 

1,572 

A 

12 

Nov., 

1894 

Learned,  William  Turell,     . 

Fail  River. 

8,164 

A 

3 

Jan., 

1895 

Learoyd,  Charles  Berry, 

Dan  vers. 

464 

A 

19 

Oct., 

1894 

Leary,  James  Edward, 

Lowell. 

3,466 

A 

12 

Jan., 

1895 

Leary,  John  Henry,     . 

Fall  River. 

2,119 

A  ! 

30 

Nov., 

1894 

Leary,  Patrick  Frank, 

Turner's  Falls. 

1,813 

A  ' 

20 

Nov., 

1894  , 

Leavitt,  Dudley,  .... 

PIttsfield. 

698 

A 

28 

Oct., 

1894 

Leavitt,  William  Whipple,  . 

Pittsfieid. 

2,605 

A 

14 

Dec, 

1894 

Leblanc,  Aim<^  No(^l,    . 

Gardner. 

2,7S2 

A 

22 

Dec , 

1894 

Le  Boeuf,  Jooeph  Sylva, 

Fall  River. 

2,363 

■A  ■ 

8 

Dec  , 

1894 

Lee,  Frank  Herbert,    . 

Shemeld 

3,251 

A 

4 

Jan., 

1895  i 

Lee,  Luther  Milo, 

Dorchester. 

189 

A 

19 

Oct, 

1894 

Leeds,  Charles,     .... 

Chelsea. 

1,798 

A 

19 

Nov., 

1894 
1894 

Lebmann,  Anthony,    . 

Boston. 

91 

A 

19 

Oct, 

Leib,  Thomas  Nuttall, 

Boston. 

2,630 

B 

14 

Dec, 

1894 

Leighton,  Harrv  Burbank,  . 
Leitch,  John  Alvin, 

West  Medford. 

1,511 

A 

7 

Nov., 

1894  1 

Andover. 

3,245 

A 

4 

Jan., 

1895 

Le  Lacheur,  Ellis  Sweetlove, 

W.  Bridgewater. 

1,089 

A 

31 

Oct., 

1894 

Leland,  Clarence  Henry,     . 

Lowell. 

18 

A 

19 

Oct., 

1894 

Leland,  George  Adams, 

Boston. 

3,011 

A 

28 

Dec, 

1894 

liC  Maitre.  Joseph  Michel,  . 

Ijowell. 

290 

A 

17 

Oct, 

1894 

;  Leonard,  Henry  Patrick,     . 

Lynn 

837 

A 

26 

Oct., 

1894 

Leonard,  Milton  Hall, 

New  Bedford. 

1,935 

A  1 

21 

Nov., 

1894 

Lescarde,  Henrv, 

Hudson. 

1,732 

A 

19 

Nov., 

1894 

Leslie,  Free  land  David, 

Milton. 

637 

A 

22 

Oct., 

1894 

Leslie,  Horace  Granville,     . 

Amesbnry. 

2,330 

B 

8 

Dec, 

1894 

Levenson,  Sophia, 

Worcester. 

3,719 

a! 

28 

Jan., 

1895 

Levey,  George 

Worcester. 

3,213 

B  ' 

4 

Jan., 

1895 

Lewis,  Andrew  Valentine,  . 

Boston. 

2,493 

A 

10 

Dec, 

1894 

Lewis,  Arthur  Cuihbert,      . 

Fall  River. 

2,868 

A 

22 

Dec, 

1894 

Lewis,  John  Taylor,    . 

Lowell. 

3,391 

B 

10 

Jan., 

189.*) 

Lewis,  Millard  Edrie,  . 

Melrose. 

2,984 

B 

26 

I>cc., 

1894 

Lewis,  William  Edmund,    . 

Boston. 

1,771 

B 

19 

Nov.. 

1894 

Libbey,  Hosea  Waite, . 

Boston. 

805 

A 

26  lOct, 

1894 

Libby,  Charles  Adelbert, 

Arlington. 

1,678 

A 

19 

Nov., 

1894  , 

Libby,  Jesse  Herbert,  . 

Boston. 

680 

A 

22 

Oct., 

1894  ' 

Liebmann,  Gnstavus,  . 

Boston . 

919 

A 

29 

Oct.; 

1894 

Lighthill,  August  Ponham, 
Lllley,  WlllUm,  .... 

Winthrop. 

3,742 

B 

11 

Feb., 

1896 

New  Bedford. 

3,429 

A 

12 

Jan., 

1896 

1 

Lincoln,  Guy  Alvan  Thorndike, 

Boston. 

54 


REGISTRATION  IN  MEDICINE. 


[Jan. 


Reeord  of  those  Registered,  etc,  —  Continned. 


CBBTinCATB. 

• 

• 

DATB  OV  U«I7B. 
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BMldcnoa. 

% 

Day. 

MontlL 

Tear. 

406 

A 

19 

Oct., 

1894 

Lincoln,  Jacob  Read, 

Millbnry. 

2,457 

A 

10 

Dec, 

1894 

Lindsey,  Joseph  Ferdinand,  Jr., 

Boston. 

1,536 

A 

7 

Nov., 

1894 

Lindstrom,  Alfred  Herman, 

Boston. 

172 

A 

19 

Oct., 

1894 

Linfield,  Edwin  Porter, 

Avon. 

3,356 

A 

8 

Jan., 

1895 

Litch,  John  Ooodrich, . 

Leominster. 

1,102 

A 

31 

Oct, 

1894 

Littell,  Alice, 

Boston. 

227 

A 

17 

Oct, 

1894 

Little,  Harry  James,    . 

Norwell. 

320 

A 

17 

Oct, 

1894 

Little,  William  Brimblecom, 

Lynn. 

8,553 

A 

15 

Jan., 

1895     LittleiBeld,  Samuel  Horace, 

Roxbary. 

1,154 

B 

5 

Nov., 

1894 

Liverpool,  Joshua  Henry,    . 

Boston. 

3,274 

A 

4 

Jan., 

1895 

Livingston,  Joseph  Alexander, 

W.  Cornwall,  Ci 

778 

A 

26 

Oct., 

1894 

:  Lloyd,  Charles,    .        .        .        . 

Cambridge. 

3,790 

B 

1 

Mar  , 

1895 

Lloyd,  Seth  Louis, 

Williamstown. 

88 

A 

19 

Oct., 

1894 

1  Locke,  Horace  Mann,  . 

Brockton. 

1,517 

A 

17 

Nov., 

1894 

Lockhart,  Joseph  Smith, 

Boston. 

30 

A 

19 

Oct, 

1894 

Lombard,  John  Patrick, 

Boston. 

3,555 

A 

15 

Jan., 

1896 

Lonergan,  Thomas  Daniel,  . 

Canton. 

1,757 

B 

19 

Nov., 

1894 

Longfellow,  Melvina  Prances, 

Boston. 

3,265 

A 

4 

Jan., 

1895 

Longley,  Mary  Theresa, 
Loomis,  Charles  Otis,  . 

Boston  • 

1,022 

A 

31 

Oct., 

1894 

Boston. 

2,935 

A 

22 

Dec, 

1894 

Loomis,  William  Wellington,     . 

Merrick. 

3,395 

A 

10 

Jan., 

1895 

i  Lord,  Sidney  Archer,  . 

Boston. 

1,928 

A 

21 

Nov., 

1894 

Loring,  Harriet  Augusta,     . 

Springfield. 
Newion  Centre. 

2,463 

A 

10 

Dec, 

1894 

Loring,  Robert  Pearmain,   . 

1,023 

A 

31 

Oct, 

1894 

Lothrop,  Charles  Arthur,    . 

W.  Bridgcwater. 

1,363 

A 

7 

Nov., 

1894   1  Lothrop,  George  Edgar, 

Boston. 

2,687 

A 

17 

Dec , 

1894     Lothrop,  Harriet  Eleanor,   . 

Boston. 

1,520 

A 

7 

Nov.. 

1894     Lothrop,  Howard  Augustus, 

Boston. 

569 

B 

22 

Oct., 

1894   ,  Loucks,  John  Steams, 

Shirley. 

2,945 

A 

26 

Dec, 

1894     Lougee,  Frank  Taylor, 

Lvnn. 

431 

A 

19 

Oct., 

1894   ;  Lougee,  Mav  Williamina,   . 

West  Roxbary. 

311 

A 

17 

Oct., 

1894   1  Lougee,  William  Hatch,      . 

Lawrence. 

252 

B 

17 

Oct., 

1894 

Lougest,  Charles  Albert,     . 
'  Louis,  Isaac,         .        .       .       . 

Boston. 

633 

A 

22 

Oct, 

1894 

Boston. 

317 

A 

17 

Oct., 

1894 

Lovejoy,  Charles  Averill,    . 

Lynn. 

719 

A 

24 

Oct., 

1894 

Loveland,  Charles  Harrison, 

Haydenville. 

1,680 

A 

19 

Nov., 

1894 

!  Lovell,  Charles  Dixon  Smith,     . 

Lynn. 

3,380 

A 

8 

Jan., 

1895 

Lovell,  Charles  Edward, 

Whitman. 

303 

A 

17 

Oct., 

1894 

Lovell,  David  Bigeiow, 

Worreater. 

1,410 

B 

7 

Nov., 

1894 

Lovell,  Gideon 

Mashpee. 

1,739 

A 

19 

Nov, 

1894 

Lovering,  Anna  Temple,     . 
Lovett.  Robert  Williamson, 

Boston. 

598 

A 

22 

Oct, 

1894 

Boston. 

2,602 

A 

14 

Dec, 

1894   1  Lubin,  Leon  Thfiophlle  Jules,      . 

Boston. 

1,345 

A 

7 

Nov., 

1894   1  Luchsinger,  Harry  Warner, 

Glendale. 

1,823 

A 

21 

Nov., 

1894 

Ludden,  Emerson  Augustus, 

Brookfield. 

2,210 

B 

5 

Dec, 

1894 

Lull,  Henry  Cushman, 

Boston. 

600 

A 

22 

Oct, 

1894 

Lund,  Fred  Bates, 

Boston. 

2,752 

A 

19 

Dec, 

1894 

Lnscomb.  Job  Everett, 

Fitchburg. 

714 

A 

24 

Oct., 

1894 

Lnssier,  Charles  Arthur,     . 

North  Grafton. 

3,156 

A 

3 

Jan., 

1895 

Lussier,  Cyrille  Francois,    . 

New  Bedford. 

1,796 

A 

19 

Nov., 

1894 

Lynch,  Michael  Henry, 

Chlcopee- 

29 

A 

19 

Oct., 

1894 

Lynch,  Samuel  Bartlett, 

Boeton. 

2,863 

A 

22 

Dec, 

1894 

Lyon,  Annie  Isabelle,  . 

Boston. 

2,070 

A 

30 

Nov., 

1894 

Lyon,  Arthur  Vinal,    . 

Brockton. 

3,582 

A 

19 

Jan., 

1895 

Lyons,  Christopher  Philip,  . 

Boston. 

2,535 

A 

10 

Dec, 

1894 

i  Lvons,  Herbert  Henry. 

Fitchburg. 

2,498 

A 

10 

Dec  , 

1894 

Lyons.  Joseph  Benedict, 

Boston. 

363 

A 

17 

Oct., 

1894 

Macarthy,  George  Elden,    . 

Ipswich. 

2,654 

A 

13 

Dec, 

1894 

McAvinnue,  Frank,     . 

Lowell. 

1,905 

A 

21 

Nov., 

1894     McCabe,  John  Joseph, 

Holyoke. 

1895.] 


PUBLIC  DOCUMENT— No.  56, 


55 


Record  of  those  Begiilered,  etc.  —  Continued. 


CXBTIFXOATB. 

^ 

g 
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Kame. 

Retldenoe. 

g 

a 

£ 

Day. 

Month. 

Year. 

1,902 

A 

21  1  Nov.. 

1894 

McCann,  Alfred  Ernest  Arthnr, . 

Lowell. 

3,305 

A 

4 

Jan., 

1895 

McCann,  John  Joseph, 
McCarthy,  Charles  Daniel, 

Fram  Ingham. 

2.569 

A 

IS 

Dec, 

1894 

Maiden. 

2,832 

A 

22 

Dec, 

1894 

McCarthy,  Charles  Florence, 

Franklin. 

977 

A 

30 

Oct., 

1894 

McCarthy,  Eugene  Allen,   . 

Cambridge. 

3,154 

A 

3 

Jan., 

1895 

McCarthy,  John  Coakley,   . 

Maiden. 

613 

A 

22 

Oct., 

1894 

McCarthy,  Thomas  Horatio, 

North  Easton. 

3,371 

A 

8 

Jan., 

1895 

McCarthy.  William  Henry, 

Brockton. 

1,037 

A 

31 

Oct., 

1894 

McCarty,  James  Joseph, 
McClean,  Alexander  Spear, 

Lowell. 

1,497 

A 

7 

Nov., 

1894 

Springfield. 

1,418 

A 

7 

Nov., 

1894 

McClean,  George  Cbesley,  . 

Springfield. 

2,259 

A 

<    8 

Dec, 

1894 

McClearn,  Charles  William, 

Maiden. 

338 

A 

'  17 

Oct., 

1894 

McCollester,  John  Quincy  Adam 

8> 

Waltham. 

944 

A 

29 

Oct., 

1894 

McCoUom,  John  Hildreth.  . 

Boston. 

2,426 

A 

1    8 

Dec, 

1894 

McConnell,  Hugh  Beemer, . 
McCormack,  Alexander  Leslie, 

Boston. 

2,311 

A 

'    8 

Dec, 

1894 

East  Boston. 

675 

A 

22 

Oct., 

1894 

McCormack,  Reynold  James, 

Boston. 

585 

A 

22 

Oct., 

1894 

McCormick,  Comclins  Joseph, 

Waltham. 

3,702 

A  1 

19 

Jan., 

1895 

McCrea,  Albert  James, 

Southbridge. 

2,423 

A 

8 

Dec, 

1894 

McDevitt,  James  John, 

Boston. 

1,806 

A 

19 

Nov., 

1894 

Maedonald,  Angus,     . 

Boston. 

2,780 

A 

19 

Dec, 

1894 

MacDonald,  Archibald  Elexcis, 

Boston. 

2,683 

A 

17 

Dec, 

1894 

Maedonald,  Colin  William, 

Boston. 

1,665 

A 

15 

Nov., 

1894 

Maedonald,  Donald  Francis, 

Taunton. 

3,060 

A 

28 

Dec, 

1894 

Maedonald,  James, 

Boston. 

2,930 

A 

22 

Dec, 

1894 

McDonald,  James  Athanasius,   . 

Chariestown. 

1,592 

A 

12 

Nov., 

1894 

McDonald,  John  Henry,     . 

Lowell. 

1,963 

A  ' 

27 

Nov., 

1894 

MacDonald,  Rufus  Cyrene, 

Boston. 

2,117 

A 

30 

Nov., 

1894 

McDonald,  William  Alexander, 

Lynn. 

1,067 

A  ; 

31 

Oct., 

1894 

Maedonald,   William  Gregory, 

Boston. 

3497 

A  ' 

'  12 

Jan., 

1895 

Maedonald,  William  Lewis, 

Boston. 

68 

A  . 

19 

Oct., 

1894 

MacDonnell,  John, 

South  Boston. 

148 

A 

19 

Oct., 

1894 

McDonough,  Lawrence  John, 

Lowell. 

3,210 

B 

4 

Jan., 

1895 

McDonough,  Thomas  Patrick,    , 

N.  Attleborough. 

2,539 

A 

10 

Dec, 

1894 

Macdougall,  Duncan,  . 

Haverhill. 

2,755 

A 

'  19 

Dec, 

1894 

McDoncrall,  Samuel  Jay,     . 

Jamaica  Plain. 

2,864 

A  , 

22 

Dec, 

1894 

Mace,  Herbert  Eugene, 

Boston.    • 

3,100 

A  ' 

28 

Dec, 

1894 

McGannon,  Thomas  Gerald, 

I^well. 

3,737 

B 

■  11 

Feb., 

1895 

McGauran,  George  Francis, 

Plttsfield. 

1,422 

A 

7 

Nov., 

1894 

McGauran,  Michael  Sheridan,    . 

Lawrence. 

3,069 

A 

-  28 

Dec, 

1894 

McGillicaddv,  John  Timothy,    . 

Worcester. 

1,368 

A 

.    7 

Nov., 

1894 

McGlynn,  Edward,      .        .    ,    . 

Boston. 

3,589 

A 

1  19 

Jan  , 

1895 

McGrath,  John  Edward,     . 

Hudson. 

3,377 

A 

■     8 

Jan., 

1895 

McGuigan,  John  Joseph,     . 

Lynn. 

1,015 

A 

1  30 

Oct., 

1894 

Mclntlre,  David,  .... 

Boston. 

2,880 

A 

22 

Dec, 

1894 

Mcintosh,  Donald  M, . 

S.  Hadley  Falls. 

2,377  , 

A 

8 

Dec, 

1894 

Mcintosh,  Frederic  Lemont, 

Newton. 

3,018  > 

A 

28 

Dec, 

1894 

Mcintosh,  William  Page,    . 

Chelsea. 

697 

A 

23 

Oct., 

1894 

Mclntyre,  Herbert  Bruce,   . 

Cambridge. 

3,075 

A 

28 

Dec, 

1894 

Mack,  William,    .... 

Salem. 

612 

A 

22 

Oct., 

1894 

Mackeen,  Alfred  Atwater,  . 

Whitman. 

2,968 

A  ! 

26 

Dec, 

1894 

McKenna,  Frank  A,     . 

Taunton. 

874 

A 

'  27 

Oct., 

1894 

McKenna,  Francis  Patrick, 

South  Boston. 

3,129 

A  ' 

'  28 

Dec, 

1894  , 

McKenty,  Jonathan  Thomas  Edmund 

^1      " 

Waltham. 

3,562 

A  . 

19 

Jan., 

1895 

MacKenzie,  Freeman  Alexander, 

Boston. 

2,051 

A  ' 

30 

Nov., 

1894 

McKenzie,  John  Robert,     . 

Boston. 

1,239 

A 

5 

Nov., 

1894 

Mackenzie,  John  Milne, 

. 

Fall  River. 

2,052 

A 

30 

Nov., 

1894  , 

Mackie,  George,  .... 

« 

Attleborough. 

1,675 

A 

12 

Nov., 

1894 

Mackle,  Laura  Viola  Gustin, 

. 

Attleborough. 

3,513 

A 

12 

Jan., 

1895 

Mackie,  William  Basilio 

Boston. 

• 
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Beatdence. 

>5 

Day. 

11 

Month. 

Tear. 

8,747 

Feb., 

1895 

McKinstry,  John  Alexander, 

Longmeadow. 

1,085 

A 

31 

Oct., 

1894 

McKoan,  John  William,     . 

Boston. 

1,716 

A 

19 

Nov., 

1894 

McLanghlin,  Ja,me8  Stephen, 

We$t6eld. 

8,009 

A 

28 

jjec. 

1894 

McLaughlin,  Heniy  Valentine, 

Brook  line. 

1,071 

A 

31 

Oct., 

1894 

McLaughlin,  Joseph  Ignatius, 

Boston. 

3,296 

A 

4 

Jan., 

1895 

McLaugbry,  Elizabeth, 

Boston. 

2,906 

A 

22 

Dec, 

1894 

McLean,  Charles, 

Boston. 

207 

A 

19 

Oct., 

1894 

McLellan,  Edward  Angustas, 

Boston. 

8,311 

A 

4 

Jan., 

1895 

McLennan,  Roderick, 

Qaincy. 

3,352 

A 

8 

Jan., 

1895 

McTifiod,  Percy  DeMiile.     . 

Boston. 

3,301 

A 

4 

Jan., 

1895 

MoMichael  Willis  Brooks,  . 

East  Boston. 

3,341 

A 

8 

Jan., 

1895 

McMillan,  Isaac  Murray,    . 

Fall  River. 

1,835 

A    ,  20 

Nov., 

1894 

McMillan,  Wallace,     . 

Boston. 

860 

A      27 

Oct, 

1894 

McNally,  William  Joseph,  . 

Charlestown. 

2,510 

A 

1  10 

Dec, 

1894 

McNalty,  Frederick  Joseph, 

Boston. 

3,598 

A 

1  19 

Jan., 

1895 

McOwen,  Timothy  Edward, 

Lowell. 

3,672 

A 

19 

Jan., 

1895 

McOwen,  William  Henry,  . 

New.  Upper  Fallf. 

417 

A  1,  19 

Oct., 

1894 

Macpherson,  Frederic  William,  . 

Swamps(X>tt. 

2,910 

A 

22 

Dec, 

1894 

McPherson,  William  Ellsworth, 

Charlestown. 

2,115 

A 

30 

Nov., 

1894 

McQaeeney,  Francis  Joseph, 

Boston. 

3,411 

B 

12 

Jan., 

1895 

MacKae,  Dancan, 

Boston. 

1,908 

A 

21 

Nov., 

1894 

Magee,  Edward  Joseph, 

Danvers. 

1,890 

A 

21 

Nov., 

1894 

Magee,  John  Augustine, 

Lawreiice. 

3,646 

A 

19 

Jan., 

lH9o 

Mahoney,  John  Bernard, 

Medford. 

2,264 

A 

8 

Dec, 

1894 

Mahoney,  John  Francis, 

Chelsea. 

3,105 

A 

28 

Dec, 

1894 

Mahoney,  John  Stephen, 

Boston. 

959 

A 

30 

Oct., 

1894 

Mahoney,  Stephen  Andrew, 

Uolyoke. 

933 

A 

!  29 

Oct., 

1894 

Maine,  Frank  Duane, . 

Springfield. 

2,313 

A   1    8 

Dec, 

1894 

Makechine,  Horace  Perkins, 

Somerrille. 

628 

A    ;  22 

Oct., 

1894 

Manahan,  Herbert  Wellington,  . 

Lawrence. 

2,237 

A 

4 

Dec, 

1894 

Manchester,  Delos  Bard,    . 

Beverly. 

2,922 

A 

22 

Dec, 

1894 

Mangan,  John  Joseph, 

Lynn. 

1,149 

A 

1 

Nov., 

1894 

Mann,  Martha  Elizabeth, 

Boston. 

2,606 

A 

14 

Dec, 

1894 

Mann,  Mary  Ella, 

Nantucket. 

2,607 

A 

14 

Dec, 

1894 

Mann,  Mary  Frances, . 
Mann,  William  Orris,  . 

Nantucket. 

2,817 

A 

22 

Dec, 

1894 

WestboToogh. 

8,726 

B 

28 

Jan., 

1895 

Mansen 

r,  Mary  Merrill, 

Boston. 

8,331 

A 

8 

Jan., 

1895 

Mansfie 

d,  Charles, 

Boston. 

498 

A 

19 

Oct., 

1894 

Mansfie 

d,  Henry  Tucker,  . 

Needham. 

1,947 

A 

27 

Nov., 

1894 

Mansfiel 

Id,  John  Robbins,  . 

Wakefield. 

275 

A 

17 

Oct., 

1894 

Manbfield,  Robert  Joseph,  . 

Springfield. 

1,756 

A  ; 

19 

Nov., 

1894 

Mansar,  Richard  Harrison, 

Chelsea. 

8,517 

A 

14 

Jan., 

1895 

Mannel,  Peter  Ramage, 

Natick. 

3,655 

A 

19 

Jan., 

1895 

Mara,  Frank  Timothy, 

Boston. 

1,081 

A 

31 

Oct, 

1894 

Marble,  John  Oliver,  . 

Worcester. 

3,095 

A 

28 

Dec, 

1894 

March,  Daniel,  Jr., 

Winchester. 

1,055 

A 

31 

Oct, 

1894 

Marcy,  Henrv  Orlando, 
Marin,  Joseph  Paal  Aster, 

Boston. 

2,665 

A 

17 

Dec, 

1894 

Holyoke. 

174 

A 

19 

Oct., 

1894 

Marion,  Horace  Eagene, 

Boston. 

224 

A 

17 

Oct., 

1894 

Marion,  Otis  Humphrey, 

Boston. 

2,722 

A 

17 

Dec, 

1894 

Marsh,  Albert,     . 

Boston. 

2,646 

A 

17 

Dec, 

1894 

Marsh,  Charles  David, 

1 

Montague. 

1,421 

A 

7 

Nov., 

1894 

Marsh,  James  Elmer,  . 

■ 

Maynara. 

2.661 

A 

17 

Doc, 

1894 

Marshall,  Carey  Fenton, 

i 

Lynn. 
Marblehead. 

3,364 

A 

8 

Jan., 

1895 

Marshall,  Foster  Leroy, 

« 

3,120 

A 

28 

Dec, 

1894 

Marshall,  Jnlla  Ann,  . 

Haverhill. 

2.819 

A 

22 

Dec, 

1894 

Marston,  Edward  Brooks, 

»              ■ 

Lynn. 

8,727 

B 

28 

Jan., 

1895 

Marston,  George  Dexter,     . 

Stoneham. 

2,334 

A 

8 

Dec, 

1894 

Marston.  Lather  Moulton, 

1               i 

»               % 

Boston. 

2,698 

A 

17 

Dec, 

1894 

Martin,  Francis  Coffin,       .... 

Boston. 
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CSSTXFIOATB. 

i 

i 

1 

DATS  OP  IMUX. 

Name. 

Beaidenoe. 

Daj. 

Month. 

Year. 

1,987 

A 

27     Nov.. 

1894 

Martin,  George  Albert,        ....    Hyde  Park. 

2,924 

A 

22 

Dec., 

1894 

Martin,  George  Forrest, 

Lowell. 

1,814 

A 

20 

Nov., 

1894 

Martin,  Gregory  Arvide,     . 

Franklin. 

1,434 

A 

7 

Nov., 

1894 

Martin,  Lather  Orin,   . 

Petersham. 

3,613 

A 

19 

Jan., 

1895 

Martin,  Miles, 

Boston. 

77 

A 

19 

Oct., 

1894 

Martin.  Pearl,      .... 

Medford. 

2.625 

A 

14 

Dec, 

1894 

Marvin,  Grace,     . 

.  ;  Boston. 

2.547 

B 

10 

Dec, 

1894 

Marvin,  Ora  Elibba,    . 

Boston. 

359 

A 

17 

Oct., 

1894 

Marjott,  Erastns  Ed^ar.    . 

Springfield. 

2,927 

B 

22 

Dec, 

1894 

Mason,  Almond  Waldo, 

West  Gardner. 

1,847 

A  , 

20 

Nov., 

1894 

Mason,  Amos  Lawrence.     . 

.  '  Boston. 

1.967 

A 

27 

Nov  , 

1894 

Mason,  Atberton  Perry, 

.    Fitchbnrg. 

358 

A 

17 

Oct., 

1894  1 

Mather,  Edward  Ellas, 

.     Williamstown. 

1.035 

A 

31 

Oct., 

1894 

Matte,  Joseph  Bubert  Ambrose. 

■ 

.  ,  North  Adams. 

3,690 

A 

19 

Jan., 

1895 

Maxwell,  Warren  Brown,  . 

.  ,  Grafton. 

457 

A 

19 

Oct., 

1894 

May,  George  Elisha,    . 

Newton  Centre. 

2,937 

A 

26 

Dec, 

1894  i 

Mayberry,  Edwin, 

Weymouth. 

3,283 

A 

4 

Jan., 

1895 

Mayberry,  Edwin  Nelson,  . 

South  Weymouth. 

927 

A 

29 

Oci., 

1894 

Maynard,  John  Parker, 

.  ,  Boston. 

824 

A 

26 

Oct., 

1894 

Maynard,  Louis  Aime, 

.  1  Tiawrence. 

419 

A 

1  19 

Oct., 

1894 

Mead,  George  Nathaniel  Plnmer 

1 

Everett. 

2,094 

A 

1  30 

Nov., 

1894 

Mead.  Julian  Augustus, 

.  1  Watertown. 

2,174 

A 

30 

Nov, 

1894 

Mead,  William  Frederick, 

Boston. 

2,074 

A 

30 

Nov., 

1894 

Meader,  Charles  Eugene,    . 

Lynn. 

3,673 

A 

19 

Jan., 

1895 

Meagher,  Michael  John, 

Lowell. 

2,600 

A 

10 

Dec, 

1894 

Means,  Andrew  Fuller, 

South  Boston. 

395 

A 

1  19 

Oct., 

1894 

Mecuen.  George  Edward,    . 

Boston. 

3,388 

A 

8 

Jan., 

1896 

Meeker,  George,  .... 

Boston. 

2,613 

A 

t  1* 

Dec, 

1894 

Mehegan,  Daniel  Joseph,    . 

Taunton. 

2,850 

A 

'  22 

Dec, 

1894 

Mehrenlender,  Albert  Nochim,    . 

Boston. 

978 

Al 

30 

Oct., 

1894 

Meigs,  Jue  Vincent,  Jr., 

Lowell. 

1,713 

A 

19 

Nov., 

1894 

Meifrs.  Return  Jonathan,     . 

Lowell. 

428 

A 

19 

Oct., 

1894 

Mellen,  William  Michael  Edwari 

d,     ' 

.  1  Chicopee. 

3,225 

A 

4 

Jan  , 

1895 

Melius,  Edward  Lindon,     . 

Worcester. 

2,690 

A 

17    Dec, 

1894 

Menard,  Anthyme  Sylvestre, 

Holyoke. 

2,040 

A 

30    Nov., 

1894 

Mercer,  William  James, 

Pittsfield. 

1,661 

A 

15 

Nov., 

1894 

Mercer,  William  Marcelline, 

Pittstield. 

3.412 

A  : 

12 

Jan., 

1896 

Merriam,  Frances  Adelaide, 

Boston. 

2,773 

A 

19 

Dec, 

1894 

Merrick,  Robert  Michael,    . 

Boston. 

2,050 

A 

30 

Nov., 

1894 

Merrill,  Arthur  Ellsworth, . 

Somerville. 

2.093 

A 

30 

Nov.. 

1894 

Merrill,  William  Howe,       . 

Wobum. 

831 

A 

26 

Oct., 

1894 

Merritt,  Louis  Arthur, 

Cam  pel  lo. 

3,288 

A 

4 

Jan  , 

1895 

Merritt,  Salome,  .... 

Boston. 

2,656 

A 

17 

Dec, 

1894 

Merritt.  Silas  Virgil,    . 

Fall  River. 

3,271 

A 

4 

Jan.. 

1895 

Merry.  William  Henry, 

Lynn. 

111 

A 

19. 

Oct., 

1894 

Messer,  Charles  Carson, 

Montague. 

2,874 

A 

22 

Dec, 

1894 

Metcalf.  Ben  Hicks.     . 

Boston. 

2,326 

B 

8 

Dec , 

1894 

Metcalfe,  Stephen  Michael  Ryvei 

B,        . 

Hyde  Park. 

2,15^ 

A 

30 

Nov., 

1894 

Mignault,  Armand, 

Lowell. 

3,126 

A 

28 

Dec, 

1894 

Mignault.  Arthur, 

North  Adams. 

2,161 

A 

30 

Nov., 

1894 

Mignault,  Rodrlque,    . 

Lowell. 

2.108 

A 

30 

Nov., 

1894 

Mignault.  Victor, 

.    Lawrence. 

3,448 

A 

12 

Jan., 

1895 

Milan,  Michael  Bernard,     . 

Olneyville,  R.  L 

7 

A 

13 

Oct, 

1894 

Miles,  Charles  Edwin, 

Boston. 

3,297 

A 

'    4 

Jan  , 

1896 

Miles,  George  Albert,  . 

West  Somerville. 

2,933 

A 

!  22 

Dec, 

1894 

Millard,  Henry  James, 

«          < 

North  Adams. 

116 

A 

1  19 

Oct., 

1894 

Miller,  Albert  Eber,    . 

Needham. 

1,471 

A 

7 

Nov., 

1894 

Miller,  Albert  Monroe, 

Needham. 

521 

A 

20 

Oct., 

1894 

Miller,  Charles  Hermann,    . 

Boston. 

3,359 

A 

8 

Jan., 

1896 

Miller,  Edward  Roscoe,      .... 

Leominster. 
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CBBnrioATs. 

■ 

1 

DATS  or  lUDB. 

^ 

A 

1 

Day. 
19 

Month. 

Tear. 

3,684 

Jan., 

1895 

3,616 

B 

22 

j^ec*, 

1894 

3,048 

A 

28 

Dec.  i  1894 

3,6-20 

A 

19 

Jan..  1  1895 

116 

A 

19 

Oct.,  1  1894 

2,306 

A 

;    8 

Dec.,'  1894 

3,647 

A 

i  ^'^ 

Jan.,!  1895 

2.081 

A 

'  30  Noy..  1894 

2,676 

A 

•  13  .  Dec.. 

1894 

829 

A 

26  1  Oct.. 

1894 

70 

A 

19 

Oct., 

1894 

1,921 

A 

21 

Nov., 

1894 

8,658 

A 

19  ,  Jan., 

1896 

897 

A 

1  27  Oct., 

1891 

492 

A 

19  ,  Oct., 

1894 

948 

A 

29 

Oct., 

1894 

1,688 

A 

19 

Nov., 

1894 

3,199 

A 

4 

Jan . 

1895 

1,652 

A 

12  ■  Nov., 

1894 

625 

A 

.  20  Oct.. 

1894 

2,440 

B 

10  Dec, 

1894 

1.711 

A 

19  Nov., 

1894 

1.899 

A 

21  Nov., 

1894 

1,627 

A ; 

15  '  Nov., 

1894 

2,416 

A 

8  |Dec.. 

1894 

3,630 

A 

19 

Jan , 

1895 

8,481 

A 

12 

Jan , 

1895 

3,201 

A 

4 

Jan., 

1896 

1.649 

A ; 

12 

Nov., 

1894 

2,609 

A 

10 

Dec., 

1894 

3,608 

A 

12 

Jan.. 

1895 

2,299 

A 

8 

Dec, 

1894 

1,285 

B 

7 

Nov., 

1894 

259 

A 

17 

Oct., 

1894 

1.617 

A 

12 

Nov., 

1894 

1,630 

A 

15  Nov; 

1894 

2,023 

A 

30  Nov.. 

1894 

2,961 

A 

26 

Dec., 

1894 

2,144 

A 

30 

Nov., 

1894 

2.032 

A 

30 

Nov, 

1894 

2,118 

A ; 

30 

Nov., 

1894 

484 

aI 

19 

Oct., 

1894 

155 

A 

19 

Oct., 

1894 

3,641 

A 

19 

Jan., 

1895 

495 

A 

19 

Oct., 

1894 

2,263 

A 

8 

Dec, 

1894 

2,982 

A 

26 

Dec, 

1894 

393 

A 

19 

Oct, 

1894 

1,314 

A 

7 

Nov.. 

1894 

825 

A 

26 

Oct., 

1894 

826 

B 

26 

Oct., 

1894 

2,211 

B 

5 

Dec, 

1894 

3.502 

A 

12 

Jan.,  1895 

2,605 

A 

10 

Dec, 

1894 

439 

A 

19 

Oct., 

1894 

1,344 

A 

7 

Nov., 

1894 

432 

A 

19  Oct.. 

1894 

2,608 

A 

10 

Dec, 

1894 

969 

A 

30 

Oct, 

1894 

2,432 

A 

8 

Dec, 

1894 

Miller,  Ernest  Parker, 

Miller,  Frances  Jane,  . 

Miller,  Lizbetb  Dora.  . 

Miller,  Norman  Rogers, 

Miller.  Vesta  Delphine, 

Miller,  Webster.  . 

Millerick.  Daniel  Edward, 

Millet,  Wilfred  Antonio, 

Millett,  Charles  Sumner, 

Milliken.  William  Hardy. 

Mills.  George  Westgate, 

Milot.  Alpbonse  Francois, 

Miner,  David  Washington, 

Miner,  Worthington  Warner, 

Minot,  Francis,     . 

Minot,  James  Jackson, 

Minot,  John  Francis.  . 

Minti,  Fishel  Toncbel  Zelmarowich, 

Mitchell.  Arthur,  . 

Mitchell,  Charles  Henry, 

Mitchell,  John  Singleton, 

Mitchie,  James  Carey, 

Mixter,  Orlando.  . 

Mixter,  Samuel  Jason, 

Moflatt,  George  Tnfton, 

Moffltt,  Carl  Walmer,  . 

Moflatt.  Herbert  Charles, 

Moltn.  Isaac, 

Moll.  Louis  Arthur,     . 

MoUeur,  Louis  Francois, 

Mongan,  Charles  Edward, 

Monks,  George  Howard. 

Monroe,  Thomas  Wilson, 

Monteiro,  Manuel  Garcia, 

Mooers,  Charles  Albert. 

Mooers.  Emma  Wilson, 

Mooney.  Philip,    . 

Moore,  James  Herbert, 

Moore,  John  Patrick,  . 

Moore,  William  Morrison, 

Moran,  Horace  Sheridan, 

Moran,  John  Brennan, 

Moran,  Martin  William, 

Morgan.  John,     . 

Morgan,  Lewis  Edwin, 

Moroney,  William  Joseph, 

Morong,  Arthur  Bennett, 

Morrill,  Charles  Plummer, 

Morrill,  Ferdinand  Gordon, 

Morrill,  Frank  Armington, 

Morrill,  Frederick, 

Morrill,  George  Albert,  Jr., 

Morrill.  Henry  Brown,  * 

Morris,  Frances  Morris, 

Morris,  George  Patrick, 

Morris,  James  Stewart, 

Morris,  John  Galvin,   . 

Morris,  Michael  Augustine, 

Morrison,  James, . 

Morrison,  Robert  Edgar, 


Fltchbnrg. 
Boston. 
^  Charlestown. 
i  Lynn. 
,  Needbam. 
Stockbridge. 
Boston. 
Fall  River. 
Rockland. 
Franklin. 
Medford. 
Taunton. 
Ware. 
Ware. 
Boston. 
Boston. 
Boston. 
Worcester. 
Medfleld. 
Boston. 
Brookline. 
Springfield. 
Worcester. 
Boston. 
Boston. 
Pittsfield. 
Boston. 
Worcester. 
Cambridge. 
Waltham. 
.Somerville. 
Boston. 
Milford. 
Boston. 
Lawrence. 
AbingtoD. 
Gloucester. 
Brookline. 
Worcester. 
Provlncetown. 
Roxbury. 
Boston. 
Boston. 
Boston. 
Needbam. 
Boston. 
Boston. 

North  Andover. 
Boston. 
Somerset 
Somerset. 
Boston. 
Boston. 
Boston. 
Boston. 
Revere. 
Boston. 
Boston. 
Boston. 
Boston. 
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CsmyicATB. 

1 

m 

& 

DATB  OF  USUB. 

Ham*. 

BAildenoe. 

1 

Day. 

ICoDth. 

Year. 

381 

A 

19    Oct., 

1894 

1 
Morrison,  William  Alexander,   .       .       .1  Boston. 

2,6S2 

A 

18    Dec., 

1894 

Morrow,  Charles  Harvey,    . 

Gloucester. 

1,199 

A 

6  ,  Nov  , 

1894 

Morse,  Abby  Swan,     . 

.  1  Gloucester. 

8.671 

A 

19 

Jan , 

1895 

Morse,  Almon  Gardner, 

.  !  Boston. 

2,775 

A 

19 

Dec, 

1894 

Morse,  Charles  Ellsworth, 

.  <  Boston. 

893 

A 

27 

Oct., 

1894 

Morse,  Charles  Francis, 

t 

.    Chelsea. 

964 

A 

30 

Oct., 

1894 

Morse,  Charles  Wheeler, 

, 

Salem. 

196 

A 

19 

Oct., 

1894 

Morse,  Edwin  Oilead, . 

Roxbary. 

2,517 

A 

10  I  Dec, 

1894 

Morse,  FranlL  Adelbert, 

Lynn. 

3,047 

A 

28  ;  Dec , 

1894 

Morse,  Frank  Leander, 

Boston. 

3,180 

A 

4    Jan., 

1895 

•  Morse,  Fred  Harris,     . 

Melrose. 

1,200 

A 

5    Not. 

1894 

Morse,  George,     . 

Gloucester. 

3,198 

B 

4  !  Jan., 

1895 

Morse,  George  Franlilin, 

North  Carver. 

1,918 

A 

21  1  Nov., 

1894 

Morse,  George  Mason, 

Clinton. 

2,679 

A 

17 

Dec, 

1894 

Morse,  John  Alilne  Willian 

If 

Lynn. 

766 

A  : 

24 

Oct, 

1894 

Morse,  John  Lovett,     . 

Boston. 

517 

A 

20  '  Oct., 

1894 

Morse,  Martin  Van  Baren, 

Marblehead. 

962 

A 

80    Oct., 

1894 

Morse,  Nathan  Ranson, 

Salem. 

1,822 

A 

,  20  1  Nov., 

1894 

Morse,  Robie  Sidney,  . 

Boston. 

2,371 

A 

8  1  Dec, 

1894 

Morton,  Helen,     . 

Boston. 

2,152 

A  , 

30  1  Nov., 

1894 

Mosher,  Marshall  James, 

Waltham. 

2,296 

A 

8  ;  Dec, 

1894 

Mosher,  Mary  Edna,    . 

Boston. 

3,629 

A  , 

19    Jan., 

1895 

Mott,  Albert, 

Cehoes,  N.  Y. 

1,532 

A 

7    Nov., 

1894 

Mott,  Joseph  Vamam, 

Boston. 

60 

A  1 

19  .  Oct., 

1894 

Mott,  Walter, 

Fall  River. 

436 

A  . 

19    Oct., 

1894 

Moulton,  Albert  Roscoe, 

Gloaoester. 

1,626 

A 

15  .  Nov.. 

1894  '  Moulton,  Benjamin  Frands 

Lawrence. 

1.737 

A 

19 

Nov, 

1894 

Monlton.  Charles  Fred, 

Boston. 

3,420 

A 

12 

Jan., 

1895 

Mowe,  Frank  Henry,  . 

Leominster. 

3,410 

A  ' 

12  !  Jan  , 

1895 

Mudge,  Kate  Gertmde, 

Salem. 

3,595 

A 

10    Jan., 

1895 

Mulcahy,  Joseph  Francis,    . 

Lowell. 

2,056 

A 

;  30 

Nov, 

1894 

Malligan,  James, 

West  Gardner. 

1,948 

A 

,  27 

Nov., 

1894 

MuUins,  Eugene  Norton,     . 

Baldwlnsville. 

1,209 

A 

6  ,  Nov., 

1894 

Mnmford,  James  Gregory, 

Boston. 

1,516 

A 

7 

Nov., 

1894 

Munhall,  Katharine  Stanislaus, 

Boston. 

3,697 

A  ; 

19 

Jan., 

1895 

Mnnson,  Virgil  Hitchcock, . 
Mnrdock,  Edward  Arthur,  . 

Webster. 

1.269 

A 

5 

Nov., 

1894 

Spencer. 

1,952 

A  , 

27 

Nov, 

1894 

Murphy,  Daniel  David, 

Amesbury. 

3,235 

A 

4 

Jan., 

1895 

Murphy,  Emily  Frances,     . 

Taunton. 

8,621 

A 

19  ■  Jan  , 

1895 

Murphy,  Francis  Charles,    . 

Boston. 

2,866 

A 

22    Dec, 

1894 

,  Murphy,  John  Henry, . 

Boston. 

2,815 

A 

22    Dec, 

1894 

.  Murphy,  John  McKonkey, . 

Maiden. 

3,234 

A 

4 

Jan., 

1895 

1  Murphy,  Joseph  Briggs, 

Taunton. 

2,896 

A  > 

22 

Dec, 

1894 

Murphy,  Timothy  Joseph,  . 

Boston. 

3,452 

A 

12 

Jan., 

1895 

Murray,  Edward  Francis,    . 

Worcester. 

1,830 

A  1 

20    Nov., 

1894 

Muttart,  George  Morley, 

Boston. 

331 

A  , 

17    Oct., 

1894 

Nash,  Horace  Milton, 

Lancaster. 

3,112 

A 

28    Dec, 

1894 

Nason,  Arthnr  Clark, . 

Newbury  port. 

3.463 

A 

12 

Jan., 

1895 

Nason,  Laurentins  Melancthon, 

1       • 

Worcester. 

710 

A 

23 

Oct., 

1894 

Nason,  Osmon  Oleander  Baker, . 

Reading. 

3.334 

A 

8 

Jan., 

1895 

Neal,  Charles  Arthur, 

Boston. 

2,575 

A 

13 

Dec, 

1894 

Neeftis,  Robert  Henry, 

Charlestown. 

2,882 

A 

22 

Dec, 

1894 

Nelson,  Lois  Leverett, 

Worcester. 

1,784 

A 

19 

Nov., 

1894 

Newcomb,  Elizabeth, . 

Tewksbury. 

2,557 

B 

1  13 

Dec, 

1894 

Newcomb,  George  Lewis,   . 

North  Sdtaate. 

3,366 

A 

8 

Jan., 

1895 

!  Newcomb,  Luther, 

Lynn. 

206 

B 

19 

Oct., 

1894 

Newell,  Charles  Martin,      . 

Boston. 

3.140 

A 

3 

Jan., 

1895 

Newell,  Frank  Samuel, 

Deerfleld. 

3,581 

A 

19 

Jan  , 

1895 

Newell,  Otis  Kimball, 

Boston. 

2,497 

A 

10 

Dec, 

1894 

Newell,  Robert  Wingate,    . 

Boston. 

• 
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Cbktivioatb 

Kamfi. 

i 

• 

1 

1      DATS  OV  lUUS. 

1 

IMte:^ 

^ 

> 

D«y.  Month. 

1        1 

r«ar. 

318 

A 

17 

Oct., 

1894 

Newhall,  Edward 

Lynn. 

316 

A 

17 

Oct., 

1894 

Newhall,  Herbert  William, 

Lynn. 

1»270 

A 

5 

Nov., 

1894 

Newhall,  Lawrence  Tbomprnm,  . 

Brookfield. 

3,336 

A 

8 

Jan., 

1895 

Newton,  Abiel  Wood  Kennedy, . 

Boaton. 

2,828 

B 

22 

Dec , 

1894 

Newton,  Adin  Hubbard,     .... 

Everett 

1,622 

A 

12 

Nov., 

1894 

Newton,  Edward  Cacnean, 

Everett. 

2,461 

A 

10 

Dec, 

1894 

Newton,  Eleanor  Frost,      .... 

Boston. 

413 

A 

;  19 

Oct., 

1894 

Newton,  Frank  Loomis  Sabin,   . 

Somervflle. 

3,548 

A 

1  15 

Jan., 

1895 

i  Newton,  Sarah  Fenno 

Hyde  Park. 

943 

A 

.  29 

Oct., 

1894 

Nichols,  Arthnr  Howard,    .... 

Boston. 

2,604 

B  ' 

14 

J-lvC, 

1894 

'  Nichols,  Charles  Edward,  .... 

Boston. 

1,844 

A  : 

20 

Nov., 

1894 

Nichols,  Charles  Fessenden, 

Boston. 

170 

A  ; 

19 

Oct., 

1894 

'  Nichols,  Charles  Lemnel,    .... 

Worcester. 

665 

A 

1  22 

Oct., 

1894 

i  Nichols,  Edward  Hatl,        .... 

Boston. 

2,950 

B  , 

26 

L^vC, 

1894 

i  Nichols,  Mrs.  Helen  Laclnda  Clift,    . 

Fall  River. 

2,713 

A  t 

17 

Dec, 

1894 

Nichols,  John  Holyoke,      .... 

Tewksbury. 

790 

A 

:  26 

Oct., 

1894 

:  Nichols,  John  Taylor  Oilman,    . 

Cambridge. 

3,312 

A 

•    4    Jan., 

1895 

1  Nickerson,  Asa  Harden,     .... 

Central  Falls,  R  I 

884 

A 

27  '  Oct.. 

1894 

'  Nickerson,  Franklin, 

Lowell. 

2,360 

A 

8 

Dec, 

1894 

Nickerson,  George  Wheaton, 
;  Nickerson,  William  Jabes, 

Stoneham. 

2,375 

A  < 

8 

Dec, 

1894 

New  Bedford. 

3,286 

A  ' 

4 

Jan  , 

1895 

'  Niles,  Edward  Hanr 

Nims,  Edward  Beecher,      .... 

Dan  vers. 

3,688 

A 

19 

Jan., 

1895 

Northampton. 

1,853 

A 

,20 

Nov., 

1894 

Niquette,  Lools  Bartholomew,    . 

Northampton. 

2.072 

A 

30 

Nov., 

1894 

Nixon,  Alfred  John, 

Taunton. 

1,122 

A 

'  31 

Oct.. 

1894 

Nobile,  Angelo, 

Boston. 

1,425 

A 

'    7 

Nov., 

1894 

Noble,  Alfred  Ira, 

Worcester. 

3,535 

B 

■  16 

Jan , 

1895 

Noka.  Benjamin  Gardner,  .... 
Noonan,  Michael  Charles,  .... 

Boston. 

3,450 

A 

:  12 

Jan., 

1895 

Lowell. 

3,045 

A 

'  28 

Dec, 

1894 

Norcross,  Ernest  Freeman, 

Boston. 

463 

A  ; 

19 

Oct., 

1894 

Nordstrom,  Cynthia  Maria, 

Maiden. 

2,030 

A 

30 

Nov, 

1894 

Normandin,  Louis  Zephirin, 

New  Bedford. 

1,720 

A  •• 

19 

Nov., 

1894 

Norris,  Albert  Lane, 

Cambridge. 

1,697 

A 

19 

Nov., 

1894 

Norris,  Sarah  Frances,        .... 

Boston. 

1,203 

A 

5 

Nov., 

1894 

Norton,  Eben  Carver, 

Norwood. 

3,085 

A 

28    Dec, 

1894 

Norton,  Eliza  Bogart  Lawrence, 

Norwood. 

2,177 

A 

30     Nov., 

1894 

Norton,  James  Safford 

Everett. 

2,308 

A 

8 

Dec  , 

1894 

Norwood,  Epbraim  Wood, 

Spencer. 

184 

A 

19 

Oct., 

1894 

Nott,  Albert, 

West  Newton. 

1,332 

A 

7 

Nov., 

1894 

1  Nottage,  Herbert  Percy,      .... 

Westport. 

2.474 

A 

10 

Dec, 

1894 

Noyes,  Ernest  Henry,         .... 

Newboryport. 

337 

A 

17 

Oct., 

1894 

Noyes,  Nathaniel  Kingsbnry,     . 

Duxbury. 

213 

A 

17 

Oct., 

1894 

Noyes,  Rnfus  King, 

Boston. 

677 

A 

22 

Oct., 

1894 

Noyes,  William, 

Foxhorongh. 

1,601 

A 

12 

Nov., 

1894 

;  Nntter,  William  Dennett,   .... 

Maiden. 

2,909 

A 

22 

Dec, 

1894 

Nutting,  William  Walace,  .... 

Bellingham. 

1,234 

A 

'    5  iNov., 

1894 

Nutting,  Will  Wallace,        .       .        .        . 

Boston. 

3,146 

A 

3 

Jan., 

1895 

'  O'Brien,  Denis  Aloysins,     .... 

Boston. 

3,487 

A 

12 

Jan., 

1895 

O'Brien,  John  Francis,        .... 

Charlestown. 

1,886 

A 

20  1  Not., 

1894 

O'Brien,  Michael  John,       .... 

Cambridge. 

3,067 

A. 

28 

Dec, 

1894 

O'Brien,  Owen  St.  Clare,     .... 

Rockport. 

3,214 

A 

4 

Jan , 

1895 

1  O'Brien,  Philip  Thomas 

O'Callaghan,  Denis  Francis, 

Clinton. 

3.505 

A 

12  '  Jan., 

1895 

Boston. 

2,085 

A 

30  1  Nov., 

1894 

O'Callaghan,  Mary  Vincent, 

Worceater. 

2,390 

A 

8    Dec, 

1894 

O'Callaghan,  Thomas  Albert,     . 

Worceatcr. 

1,262 

A 

5    Nov., 

1894 

O'Connell,  John  David 

Boston. 

2,558 

A 

13    Dec, 

1894 

O'Conner,  James  Bernard 

Lowell. 

1,072 

A 

31     Oct., 

1894 

O'Connor,  John  James,       .        . 

Holyoke 

970 

A 

30    Oct., 

1894 

O'Connor,  Thomas  Henry, .... 

Clinton. 

1,242 

A 

6 

Nov., 

1894 

O'Connor,  Thomas  Hugh 

Boston. 

1895.] 
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Cbstvicats. 

Name. 

i 

& 

DATB  OF  lUUB. 

BealdenM. 

1 

a 

9a 

Day. 

Month. 

Year. 

3.013 

A 

28 

Dec, 

1894 

O'Connor,  VVatklns  Roberts, 

Lawrence. 

1,016 

A 

!30 

Oct., 

1894 

Odlin,  Charles  Cusbing 

O'Donnell,  Francis  Michael, 

Melrose. 

3,126 

A 

28 

Dec, 

1894 

Newton. 

3,182 

A 

4    Jan.. 

1895 

O'Donnell,  Louis  Patrick,   .... 

Somervllle. 

2,652 

B 

17 

Dec, 

1894 

OT)onnell,  William, 

East  Boston. 

775 

A 

24 

Oct., 

1894 

Ogden,  Jay  Bergen, 

0*IIearn,  William  Henry,  .... 

Boston. 

903 

A 

27 

Oct., 

1894 

Lawrence. 

345 

A  ! 

17 

Oct, 

1894 

O'Keefe,  Michael  Wallace,  .... 

Boston. 

1,766 

A 

19 

Nov., 

1894 

O'Keeffe,  Daniel  Thomas 

Boston. 

2,463 

A 

1  10 

Dec, 

1894 

O'Kie,  Howard. 

Boston. 

1,764 

A 

1  19 

Nov., 

1894 

Olds,  Frank  Williams,        .        .        .        . 

Williamstown. 

46 

A  ; 

5 

Nov., 

1894 

0*Leary,  Helen  Bartlett,     .... 

Brookllne- 

1,953 

A 

27 

Nov., 

1894 

O'Leary,  Joseph  Aagnstas. 

Wakefield. 

2,078 

A 

30 

Nov, 

1894 

Olin,  Francis  Henry, 

Southbridge, 

2,629 

B 

14 

Dec, 

1894 

Olive,  Eben,         .     ^ 

Cambridgeport. 
Philadelphia.  Fa. 

75 

A 

19    Oct.. 

1894 

Oliver,  Charles  Angustos,   .... 

1.796 

A 

19 

Nov. 

1894 

Oliver,  James. 

Atbol. 

1,000 

A 

30 

Oct., 

1894 

Oliver,  Joseph  Pearson,       .... 
Olmstead,  Charles  Edward, 

Boston. 

3,417 

A 

12 

Jan., 

1895 

Springfield. 

1.498 

A 

7  '  Nov.. 

1894 

Olmstead,  William  Adams, 

Boston. 

3,426 

A 

12 

Jan., 

1895 

O'Meara,  Michael  John,      .... 

Worcester. 

1.025 

A 

i  31 

Oct., 

1894 

Oppenheimer,  Samuel,        .... 
Ordway,  George  Albert,      .... 

Boston. 

916 

A 

29 

Oct., 

1894 

Hingham. 

3,627 

B 

15  '  Jan., 

1895 

O'Regan,  John, 

Boston. 

44 

A  1 

19  1  Oct , 

1894 

O'Reilly,  William  Joseph,  ;        .       .        . 

North  Adams. 

801 

A  1 

26 

Oct.. 

1894 

Osborne.  Aaron  Sylvanus,  .... 

Milford. 

1,605 

A 

12 

Nov.. 

1894 

Osborne.  George  iSteme,      .... 

Peabody. 

Springfield. 

Lowell. 

37 

B 

19 

Oct.. 

1894 

Osceonneo,  Charles  Edwin, 

728 

A 

24  1  Oct., 

1894 

Osgood,  George  Cowles,      .... 

3,068 

A 

28  '  Dec  , 

1894 

Osgood,  Oilman, 

Rockland. 

2,565 

A 

13 

Dec, 

1894 

Osgood,  Hamilton, 

Boston. 

892 

A 

27 

Oct., 

1«94 

Osgood,  James  Henry,       .... 

Boston. 

2,434 

A 

8 

Dec, 

1894 

Osman,  Charles  Frank 

■  Boston. 

2,097 

.A 

'  30 

Nov., 

1894 

O'SuUivan,  Daniel  Joseph, 

Lawrence. 

833 

A 

26 

Oct.. 

1894 

Otis,  Edward  Osgood,         .... 

Boston. 

1,044 

A 

1  81     Oct., 

1894 

Otis,  Walter  Joseph, 

Boston. 

1,054 

A 

31  !  Oct., 

1894 

O'Toolc,  James  Henry,       .... 

Amesbary. 

1,916 

A  1 

21 

Nov., 

1894 

Ott,  George  John, 

Clinton. 

3,145 

A  1 

3 

Jan., 

1895 

Otterson,  William  David,    .... 

Montagne. 

'Ml 

A 

17 

Oct., 

1894 

Oviatt,  George  Alexander,  .... 

Sudbury. 

1/282 

B 

7 

Nov., 

1894 

Owen,  James  Williamson.  .... 

New  Bedford. 

2,392 

A 

8 

Dec, 

1894 

Owen,  Varillas  Linus,          .        .        .        • 

Springfield. 

811 

A 

26 

Oct., 

1894 

Packard,  Edward  Albert,    .... 

Worcester. 

1.371 

^  1 

7 

Nov, 

1894 

Packard,  Horace 

Boston. 

2,536 

A 

10 

Dec, 

1894 

Packard,  Liberty  Dodge,     .... 
Packer,  Edmund  Hilliard,  .... 

South  Boston. 

244 

A 

1  17 

Oct., 

1894 

Lowell. 

574      A 

1  22 

Oct., 

1894 

Paddock,  Franklin  Kittridge,     . 

Pittsfleld. 

665      A 

22 

Oct., 

1894 

Paddock,  William  Leroy 

Pittsfield. 

1,204  '■   A 

6 

Nov., 

1894 

Padula,  Thomas  Francis,    .... 

Boston. 

578 

A 

22 

Oct, 

1894 

Page,  Albert  Kidder, 

Boston. 

123 

B 

19 

Oct., 

1894 

Page,  Charles  Edward,       .... 

Boston. 

448  i   A 

i  19 

Oct, 

1894 

Page,  Charles  Whitney,      .... 

Danvers. 

2,138 

A 

,  30 

Nov., 

1894 

Page,  Charlotte  Evans,       .... 

Lowell. 

145 

A 

10 

Oct., 

1894 

Page,  Edward 

Boston. 

307 

A  i 

17 

Oct., 

1894 

Page,  Frank  Wilfred, 

Boston. 

2,073 

A 

30 

Nov., 

1894 

Page,  Hartstein  Wendell 

Worcester. 

3,867 

B 

29    Mar., 

1895 

Page,  Margaret  Beulah,       .... 

Northborough. 

2,446 

A 

10    Dec, 

1894 

Pagelsen-Howard,  Margaret  Emily,  . 

Tewksbury. 

906 

A 

27  1  Oct., 

1894 

Palgp,  Nomus, 

Taunton. 

608 

A 

22 

Oct., 

1894 

Paine,  Amasa  Elliot, 

Brockton. 
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CBBTXnCATS. 

• 

h 

DATS  or  IMDB. 

KanM. 

»M^ 

Daj. 

Month. 

Year. 

414 

A 

:  19 

Oct., 

1894 

Paine,  Nathaniel  Emmons, 

West  Newton. 

1,996 

A 

1 

27 

Nov., 

1894 

Palardy,  Joseph  Hector, 

Fitchbnrg. 

2,031 

A  1 

30 

Nov., 

1894 

Palmer,  Charles, . 

Ipswich. 

8,174 

A 

4 

Jan., 

1895 

Palmer,  Ezra, 

.     Boston. 

2,581 

A 

13 

Dec, 

1894 

Palmer,  George  Monroe,     . 

.  1  Boston. 

2,585 

A  ■ 

8 

Dec., 

1894 

Palmer,  Lewis  Merritt, 

.  1  Framingham. 

2,393 

A  1 

8 

Dec., 

1894 

Palmer,  Sarah  Ellen,  . 

.  '  Boston. 

1,467 

B 

7 

Nov., 

1894 

Papineau,  Louis  Joseph,     . 

.     Webftter. 

2,668 

A  > 

13 

Dec  , 

1894 

Parcher,  George  Clarence,  . 

.  ■  Saugns. 

2.226 

A 

4 

Dec, 

1894 

Park,  Francis  Edwin,  Jr., 

.  >  Stoneham. 

2,349 

A 

8 

Dec., 

1894 

Park,  Isaac  Park, 

• 

Revere. 

3,019 

A 

28    Dec., 

1894 

Park,  James  Timothy, 

Sheffleld. 

8,347 

A  1 

8    Jan., 

1896 

Park,  John  Grajr, 
Parker,  Charles  Edwin, 

Groton. 

607 

A 

19    Oct, 

1894 

Princeton. 

2,171 

A 

30    Nov., 

1894 

Parker,  Charles  Frederick, 
Parker,  Edwin  Monroe, 

Boston. 

286 

A 

17 

Oct., 

1894 

Sonth  Yarmoath. 

143 

B 

30 

Nov., 

1894  i 

Parker,  Ernest  Kent,  . 

Worcester. 

3,139 

A 

3 

Jan., 

1896  1 

Parker,  Francis  Fallam,     . 

Cbicopee. 

1,252 

A 

5 

Nov., 

1894  , 

Parker,  Frank  Howard, 

Maiden. 

1,132 

A 

1 

Nov., 

1894 

Parker,  Harriet  Eliza, 

.    Greenfield. 

535 

A 

20 

Oct., 

1894  ! 

Parker,  Moses  Greeley, 

.    Lowell. 

3,537 

A 

16 

Jan., 

1896  j 

Parker,  Rnfas  Stanlv, 

Boston. 

2,604 

A 

.  10 

Dec, 

1894 

Parker,  Rapert  William,     . 

Boston. 

1,190 

A 

6 

Nov., 

1894 

Parker,  Wallace  Asahel,     . 

Springfield. 

2,511 

A 

10 

Dec, 

1894 

Parker,  William  Edward,  . 

.    Boston. 

679 

A 

22 

Oct., 

1894 

Parker,  William  Tbc»mton, 

Groveland. 

467 

A 

19 

Oct., 

1894 

Parkhnrst,  Lnman  Boyden, 

Waltham. 

681 

A 

22 

Oct., 

1894 

Parks,  Edward  Lather, 

Boston. 

1,752 

A 

19 

Nov., 

1894 

Parks,  John  Wilson,    . 

East  Boston. 

1,374 

Al 

,    7 

Nov., 

1894 

Parks,  Silas  Henry,     . 

Reading. 

152 

A 

19 

Oct., 

1894 

Parks-Putnam,  Marv, 

Boston. 

409 

A  ! 

;  19 

Oct., 

1894 

Parmalee,  William  Josiah, 

Hinsdale. 

1,274 

B 

,    7 

Nov., 

1894 

Parr  is,  John  Bowers,  . 

Weetport. 

872 

A 

,  27 

Oct., 

1894 

Parsons,  Harry  Snow, 

Boston. 

896 

A 

!  27 

Oct., 

1894 

Parsons,  John  E leaser, 

Ayer. 

2,264 

B ; 

8 

Dec, 

1894 

Parsons,  Vienna  Amelia,    . 

Beverly. 
Hyde  Park. 

8,373 

Ai 

8 

Jan., 

1895 

Partridge,  Charles  Catlin,  . 

2,959 

A  ! 

26 

l>cc., 

1894 

Partridge,  Frank  Joseph,    . 
Partridge,  Thomas  Jetrersoi 

Uxbridge. 

1,389 

A  , 

7  i  Nov., 

1894 

1,      ■ 

Cambridgeport. 

571 

A 

22 

Oct., 

1894 

Pascoe,  William  Whelan,   . 

Holyoke. 

2,501 

A  1 

i  10 

Dec , 

1894 

Passoff,  Edward  Jacob, 

Boeron. 

371 

A 

19 

Oct., 

1894 

Patch,  Frank  Wallace, 

So.  Framingham. 

1,107 

A 

31 

Oct., 

1894 

Patch,  William  Thurston,  . 

.  i  Ashbnmham. 

1,243 

A 

5 

Nov, 

1894 

Patenande,  Samuel,     . 

.  ;  Lowell. 

1,690 

B 

1  19 

Nov., 

1894 

Patrick,  Joseph  Edward,     . 

Cbicopee. 

1,462 

A 

1    7 

Nov., 

1894 

Patrick,  Thomas  William, 

Boston. 

1,629 

A 

15 

Nov., 

1894 

Pattee,  Asa  Flanders,  . 

Boston. 

1,999 

A 

27  !  Nov., 

1894 

Patten,  Anthony  Dimock, 

Boston. 

3,619 

A 

19  1  Jan  , 

1896 

Patten,  Frank  Williams, 

.    Hopkinton. 

3,361 

A  i 

8  1  Jan., 

1895 

Patten,  Julia  Maria,     . 

Holyoke. 

2,441 

A 

10 

Dec, 

1894 

Patterson,  Alice  Maria, 

Salem. 

2,987 

B 

i  26 

Dec, 

1894 

1  Patterson,  Belle  French, 

Holliston. 

1,315 

A 

,    7 

Nov., 

1894 

-  Patterson,  David  Nelson,    . 

Lowell. 

2,241 

A 

4 

Dec, 

1894 

Patvel,  Francis,   . 

Holyoke. 

1,100 

A 

31 

Oct., 

1894 

Paul,  Walter  Everard, 

Boston. 

8,684 

A 

19 

Jan., 

1896 

Panlhus,  Ovide  Maxime,     , 

'.  ,  Haverhill. 

56 

A 

19 

Oct., 

1894 

Panlig,  Frederick  August,  . 

Springfield. 

1,625 

A 

15 

Nov., 

1894 

Pann,  Amos  Boswortb, 

Middleboioo£)i. 

1,029 

A 

31 

Oct., 

1894 

Payne,  Frederick  William, . 

.  '  Boston. 

900 

A 

27 

Oct., 

1894 

Payne,  George  Harkness,    ....    Boston. 

1895.] 
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CBSTIFiaATS. 

i 

m 

DAM  or  IMUB. 

1 

Day. 
19 

Month.   Tear. 

483 

A 

Oct., 

1894 

482 

A 

19 

Oct., 

1894 

615 

A 

22 

Oct., 

1894 

1,430 

A 

1    7 

Nov., 

1894 

974 

A 

.  30 

Oct., 

1894 

3,739 

A 

11 

Feb., 

1895 

262 

A 

17 

Oct.. 

1894 

618 

A 

1  22 

Oct., 

1894 

1,167 

A 

5 

Nov, 

1894 

2,389 

A 

8 

Dec, 

1894 

3,667 

A 

19 

Jan., 

1895 

1,001 

A 

,  30 

Oct., 

1894 

2,794 

A 

22  '  Dec, 

1891 

1,682 

A 

19    Nov., 

1894 

2,406 

A 

8    Dec, 

1894 

1,982 

A 

27    Nov., 

1894 

781 

A 

26    Oct.. 

1894 

1,881 

A 

21     Nov., 

1894 

2,3o5 

A 

8    Dec, 

1894 

729 

A 

24    Oct., 

1894 

1.659 

A 

15    Nov., 

1894 

279 

A 

17 

Oct., 

1894 

896 

A 

27    Oct., 

1894 

141 

A  , 

19    Oct, 

1894 

2,235 

A  ■ 

4    Dec, 

1894 

3,467 

A 

12    Jan., 

1895 

1,365 

A 

7    Nov., 

1894 

1,059 

A 

31    Oct., 

1894 

2,766 

A 

19    Dec, 

1894 

2,973 

A 

26  '  Dec, 

1894 

2,022 

A 

1  30    Nov., 

1894 

476 

A 

19    Oct., 

1894 

693 

A 

23    Oct., 

1894 

195 

A 

19  ,  Oct., 

1894 

692 

A 

23  '  Oct., 

1894 

2,533 

A 

10  ;  Dec, 

1894 

3,295 

A 

4  !  Jan., 

1895 

3,228 

A 

'    4    Jan., 

1895 

2,042 

A 

;  30    Nov., 

1894 

2,227 

A 

4    Dec, 

1894 

429 

A 

19    Oct., 

1894 

3,132 

A 

28    Dec, 

1894 

373 

A 

19    Oct., 

1894 

505 

A 

19  1  Oct., 

1894 

3,746 

A  i 

11     Feb., 

1895 

2.859 

A  1 

22    Dec, 

1894 

41 

B 

6    Nov., 

1894 

289 

A 

17 

Oct., 

1894 

1,295 

B 

b7 

Nov., 

1894 

2,878 

B 

22    Dec, 

1894 

8^ 

A 

26  1  Oct., 

1894 

2,296 

A 

8 

Dec, 

1894 

2,634 

B  1 

14 

Dec, 

1894 

2,729      A  1 

19 

Dec, 

1894 

2,421 

A 

8 

Dec, 

1894 

3,731 

B 

11 

Feb., 

1895 

1,858 

A 

20*  Nov., 

1894 

3,241 

A 

4    Jan., 

1895 

310 

A 

17  !  Oct., 

189^ 

425 

A 

l»,Oct, 

1894 

Name. 


Beildenw. 


Payne,  James  Henry, . 

Payne,  James  Henry,  Jr., 

Payne,  John  Howard, . 

Peabody,  Cbarlps  Augustus, 

Pearce,  Kicbard  Mills, 

Pearson,  Jobn  William, 

Pearson,  Mary  Morey, 

Pearson,  Maurice  Wellesley, 

Pease,  Edward  Allen, . 

Pease,  Herbert  Orrln,  . 

Pease,  James  Milton,  . 

Peasley,  Emma  Janer, 

Peck,  Albert  Fred,  •    . 

Peckbam,  Anson  Churchill, 

Peckham,  Katherine  Turner, 

Peirce,  Amos  Hagar,   . 

Peirce,  Charles  John,  . 

Peirce,  Edward,  . 

Peirce,  Elihu  Proctor, . 

Peirce,  James, 

Peirson,  Edward  Lawrence, 

Percy,  Frederick  Bosworth, 

Percy,  George  Emery, 

Perkins,  Archie  Elmer, 

Perkins,  Charles  Edwin, 

Perkins,  Edward  Augustus, 

Perkins,  Henry  Phelps,  Jr., 

Perkins,  Nathaniel  Royal, 

Perkins,  Stella  Manning, 

Perkins,  Thomas  Lyman, 

Perkins,  Wesley  Bennor, 

Pero,  Joseph  Thomas, 

Perrins,  John, 

Perrins,  William  Arthur, 

Perry,  Arthur  Pedro,  . 

Perry,  Charles  Homer, 

Perry,  Eben  Greeley,  . 

Perry,  Edward  William, 

Perry,  Frederic  Davis, 

Perry,  George  Lewis,  . 

Perry,  Herbert  Brainord, 

Perry,  Martha,    . 

Petersen,  Henrlk  Georg, 

Peterson,  Charles  Augustus  Burton, 

Petit,  Alphonse  Hubert. 

Pfaff,  Franz  Ludwig  Friedrlch  Ernst, 

Pfeflferkorn,  Charles  Hermann, 

Pfefferkorn,  Ferdinand  Carl  Ludwig, 

Pfeiffer,  Jens  Paulus  Immannel, 

Phelps,  James  Richardson, 

Phelps,  John  Samuel, . 

Phelps,  Olney  Windsor, 

PhiUimore,  Frederick  George, 

Phillips,  Charles  Hiram,     . 

Phillips,  Eugenie  Marion,  . 

Phillips,  Freeman  Allen,     . 

Phillips,  Leslie  Almond,     . 

Phlppcn,  Hardy, . 

Phipps,  Walter  Andros, 

Pick,  Albert, 


Boston. 

Boston. 

Boston. 

Worcester. 

Boston. 

Lowell. 

Boston. 

Worcester. 

Boston. 

Sjpringfield. 

Wilbraham. 

West  Somervllle. 

Edgartown. 

Fall  River. 

Boston. 

West  Newbury. 

Shirley  Village. 

New  Bedford. 

Springfleld. 

Methuen. 

Salem. 

Brookline. 

Salem. 

So.  Ashbamham. 

Warren. 

Boston. 

West  Newton. 

Boston. 

Lynn. 

Salem. 

Maiden. 

Indian  Orchard. 

Boston. 

Boston. 

Boston. 

Worcester. 

Boston. 

Farnumsvllle. 

Mansfield. 

Atbol. 

Amherst. 

Taunton. 

Boston. 

New  Bedford. 

Phenix,  R.  I. 

Boston. 

Bast  Weymouth. 

Lawrence. 

Bedford. 

Boston. 

Boston. 

Warren. 

Boston. 

Harwich. 

Somervllle. 

Harwich. 

Boston. 

Salem. 

Hopkinton. 

Barnstable. 
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Cbitivicatb. 


I 


2,183 
1,785 
1,496 
2,266 
8,580 
1.697 
2,124 

949 
1,S50 

863 
8,167 
2,916 
1,136 
1,316 
1,546 
1,253 

257 
3,190 
1,788 
1,505 
1,413 
3,515 
2,224 
1,167 
1,254 

478 
2,798 
2,427 
1,678 

396 
2,317 
2,682 

912 
1,857 
2,965 
1,643 
1,487 
2,840 
3,642 
3,049 
3,384 
1,653 
1.783 
3,609 

663 
2,091 
3,340 
1,593 
1,807 

673 
1,735 
3,636 

750 

662 

548 
3,403 
1,281 
1,610 
1,246 
1,272 


i 


A 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 


DATB  or  IBSBK. 


Day. 


Month. 


Tear. 


A  '  30 

A  19 

A  ,    7 

A  8 

A  19 

B  ,'  12 


30 
29 

7 
27 

3 
22 

I 

7 
12 

5 
17 

4 
19 

7 

7 
12 

4 

5 

6 
19 
22 

8 
19 
19 

8 
17 
29 
20 
26 

7 

7 

22 
19 
28 

8 
15 
19 
19 
22 
30 

8 
12 
19 
22 
I  19 
I  19 


A  I,  24 


A 
A 

A  i 

A 

A 

A 

B 


22 

22 

10 

7 

12 

5 

5 


Nov., 

Nov., 

Nov., 

Dec.,  < 

Jan.,  - 

Nov., 

Nov., 

Oct., 

Nov., 

Oct., 

Jan., 

Dec, 

Nov., 

Nov., 

Nov., 

Nov., 

Oct., 

Jan  , 

Nov., 

Nov., 

Nov., 

Jan., 

Dec., 

Nov., 

Nov., 

Oct., 

Dec, 

Dec, 

Nov., 

Oct., 

Dec, 

Dec, 

Oct., 

Nov., 

Dec, 

Nov., 

Nov., 

Dec, 

Jan., 

Dec, 

Jan., 

Nov., 

Nov., 

Jan., 

Oct., 

Nov., 

Jan., 

Nov., 

Nov., 

Oct., 

Nov., 

Jan., 

Oct., 

Oct., 

Oct., 

Jan.,  i 

Nov., 

Nov., 

Nov., 

Nov., 


1894 

1894 

1894 

1894 

1896 

1894 

1894 

1894 

1894 

1894 

1895 

1894 

1894 

1894 

1894 

1894 

1894 

1896 

1894 

1894 

1894 

1895 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1896 

1894 

1896 

1894 

1894 

1895 

1894 

1894 

1896 

1894 

1894 

1894 

1894 

1895 

1894 

1894 

1894 

1895 

1894 

1894 

1894 

1894 


Name. 


Pidgin,  Lacy  Stortevant, 

Pierce,  Andrew  Martin, 

Pierce,  Frank  Benneville, 

Fierce,  Franlclin  Williams, 

Pierce,  Gardner  Carpenter, 

Pierce,  George  Jacob,  . 

Pierce,  Helen  Frances, 

Pierce,  Mattbew  Vassar, 

Pierce,  Willard  Henry, 

Pierson,  Henry  Walter, 

Pigeon,  James  ("ogswell  Damaresqae, 

Pike,  Forrest  Wiley,    . 

Pike,  Lacj«  Johnson,   . 

Pillsbury,  George  Harlin, 

Pinkham,  Arthur  Clarance 

Pinkbam,  George  Edwin, 

Pinkham,  Joseph  Gurney, 

Piper,  Frank, 

Pirlot,  Joiius  Adrien,  . 

Pitcher,  Herbert  Frank, 

Pitcher,  Samuel,  . 

Pitkin,  Leonard  Fox,  . 

Pitman,  Benjamin  Fosdick< 

Pitt,  Thomas  Smith,    . 

Plxley,  Elbridge  Simpson, 

PUtt,  Belle  Joanna,     • 

Plimpton,  Lewis  Henry, 

Plummer,  Edward  Marwick 

Plnmmer,  Julia  Morton, 

Plonkett,  Francis  Charles, 

Plunkett,  John  Lawrence, 

Poirier,  Emile,     . 

Pollock,  Lewis  Lawrence, 

Pomerat,  Charles  Marins, 

Pomeroy,  Hiram  Sterling, 

Poroeroy,  Stephen  Franklin 

Pomeroy,  William  Henry, 

Pool,  Charles  Bret, 

Poole,  George  Fred,     . 

Pope,  Frank  Fletcher, 

Pope,  Irvine  Clarendon, 

Porter,  Charles  Alleo, 

Porter,  Charles  Bamham, 

Porter,  Franoena  Elizabeth 

Porter,  Francis  Edward, 

Porter,  Laura  Maxwell, 

Porter,  Oroer  PiUsbury, 

Post,  Abner, 

Pothier,  Joseph  Charles, 

Potter,  La  Forrest, 

Potter,  William  Gage, 

Potts,  Joseph  Henry,  . 

Poulin,  Damase  Mark, 

Powers,  Abner  Howard, 

Powers,  Edward  Joseph, 

Pratt,  Calvin, 

Pratt,  Charles  Albert, . 

Pratt,  Charles  Augustus, 

Pratt,  Charles  Sumner, 

Pratt,  Edwin  Alton,    . 


Cambridge. 

New  Bedford. 

Haverhill. 

Boston. 

Ashland. 

Phillipstoo. 

Plymouth. 

Milton. 

Greenfield. 

West  Fitchbarg. 

Boston. 

StoQghtoo. 

Boston. 

Tewksbmy. 

Lowell. 

Lowell. 

Lynn. 

Boston. 

Revere. 

Haverhill. 

Hyannis. 

Boston. 

Nantucket. 

Boston 

Pfitsfleld. 

Springfield. 

Norwood. 

Charlestown. 

Boston. 

Lowell. 

Boston. 

Salem. 

Bast  Weymooth. 

Webster. 

Boston 

Springfield. 

Springfield. 

Lowell. 

Springfield. 

Boston. 

HollistOD. 

Boston. 

Boston. 

Worcester. 

Aabumdale. 

Boston. 

Lowell. 

Boston. 

New  Bedford. 

Maiden. 

New  Bedford.. 

Lynn. 

Boston. 

Boston. 

Chelsea. 

Bridge  water. 

Marblehesd. 

New  Bedford 

Shrewsboiy. 

Boston. 


1895,] 
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CSKTIYIOATB. 

• 

1 

DAT!  OV  IMUS. 

Name. 

SMldenw. 

g 

a 

Day. 

Month. 

r«ar. 

2,809 

A 

.  22 

Dec, 

1894 

Pratt,  John  Frank, 

Chelsea. 

1,620 

A   :  12    Nov.. 

1894 

Pratt,  John  Washburn, 

Boston. 

2,128  ,   A      30    Nov., 

1894 

Pratt,  Joseph  Chester, 

Springfield. 

3,707 

B  i    19    Jan., 

1896  j  Pratt,  Samuel  Barker, 

Boston. 

3,746 

B  !,  11    Feb., 

1895  1  Pratt,  Thomas  Choate, 

North  Adams. 

1,646 

A 

16    Nov., 

1894   1  Preble,  Wallace,  . 

Cambridge. 

1,125 

A 

1    Nov.. 

1894   !  Prentiss,  Harold  Townsend, 

Holyoke. 

2,687 

A 

13    Dec, 

1894 

Prentiss,  Henry  Conant, 

Boston. 

969 

A 

30    Oct., 

1894 

Presbrey,  Silas  Dean,  . 

Taunton. 

2,766 

A 

19    Dec, 

1894 

Prescott,  Charles  Dudley,    . 

New  Bedford. 

28 

A 

19    Oct., 

1894 

Prescott,  William  Herbert, 

Boston. 

3,387 

A 

8    Jan., 

1895 

Primeau,  Narclsse  Arthur, . 

Fitch  burg. 

2,682 

A 

13    Dec, 

1894 

Prince,  Morton  Henry, 

Boston. 

3,673 

A 

19    Jan., 

1896 

Prlndle,  Charles  Henry, 

Chicopee. 

2,746  .   A 

19    Dec, 

1894 

Prior,  Charles  Edwin, 

Maiden. 

2,004 

A 

27    Nov., 

1894 

Procter,  Percy  Clement, 

Boston. 

1,827 

A 

20    Nov., 

1894 

Procter,  Thomas  Walter,    . 

Boston. 

1,666 

A 

12    Nov., 

1894 

Proctor,  Francis  Ingersoll, . 

Boston. 

1,893 

B 

21    Nov., 

1894 

Proctor,  Hannah  Maria, 

Worcester. 

1,409 

A 

7    Nov., 

1894  . 

Prunlx,  Jean  Thomas  Philias, 

Lowell. 

2,491 

A 

10    Dec  , 

1894  , 

Prouty,  Albert  Henry, 

North  Brookfleld. 

1,210 

A 

6    Nov., 

1894 

Purcell,  Thomas  Aquinas,  . 

Holyoke. 

2,548 

A 

13    Dec, 

1894  : 

Putnam,  Charles  Pickerlne, 

Boston. 

3,363 

A 

8    Jan., 

1896     Patnam,  James  Jackson,     . 

Boston. 

932 

A 

29    Oct., 

1894  ,  Patnam,  Joseph  Morrill,     . 

Chelsea. 

3,287 

A 

4    Jan., 

1896 

Patnam,  Thomas  Joy, 

North  Adams. 

3,118 

A 

28    Dec, 

1894 

Patnam,  Willard  Abrum,    . 

Cambridge. 
Pepperell. 

1,941 

A 

27    Nov., 

1894 

Qua,  Lester  Robert,     . 

851 

A 

26    Oct., 

1894 

Qnackenboss,  Alexander,    . 

West  Newton. 

2,694 

A 

1  13    Dec, 

1894  i 

Qnimby,  Samuel  Foster,     . 

Salem. 

1,335 

A 

7    Nov., 

1894 

Qnimby,  Sumner  Ferdinand, 

Glonoester. 

2,662 

A 

17    Dec, 

1894  , 

Quinby,  Hosea  Mason, 

Worcester. 

1.006 

A 

30    Oct., 

1894 

Quincy,  Henry  Parker, 

Dedham. 

2,459 

A 

10    Dec, 

1894 

Quint,  Norman  Perkins,     . 

West  Medway, 

907 

A 

27    Oct., 

1894 

Kabethge,  Charles  Armand, 

Boston. 

3,043 

A 

28    Dec, 

1894  1 

Rablnovich,  Helen, 

Boston. 

3,323 

A 

4    Jan., 

1895 

Race,  Gorton  Herbert, 

Gt.  Barrlngton. 

3,405 

A 

10    Jan., 

1896  . 

Raddin,  Frank  Stocker, 

Chelsea. 

229 

A 

17  !  Oct, 

1894  i 

Rand,  John  Prentice,  . 

Worcester. 

1,654 

A 

12    Nov., 

1894  > 

Rand,  John  William,  .        .        ' 

Amesbury. 

226 

A 

17    Oct., 

1894 

Rand,  Nehemiah  Wheeler, . 

' 

Monson. 

1,658 

A 

12    Nov., 

1894 

Rand,  Richard  Baxter, 

North  Abington. 

3,736 

B 

11    Feb., 

1896 

Randall,  Charles  H,    . 

Pitufleld. 

3,367 

A 

8    Jan, 

1896 

Randall,  Charles  Lawrence, 

Boston. 

1,743 

A 

19    Nov.. 

1894 

Randall,  Francis  Drew, 

Maiden. 

2,685 

A 

17    Dec, 

1894 

Randell,  Leo,       .... 

West  Springfield. 
North  Cambridge. 

3,528 

B 

15    Jan., 

1895    ' 

Randeli,  Otis  Gray,     . 
Rankin,  Thomas  David, 

1,224 

A 

6    Nov., 

1894   I 

Boston. 

1,088 

A 

31    Oct., 

1894 

Ranney,  Archibald,     . 

Tewksbury. 

1,279 

B 

7    Nov., 

1894 

Rappoport,  Abraham, . 

Boston. 

2,979 

A 

26    Dec, 

1894 

Rawson,  Charles, 

Oxford. 

677 

A 

22    Oct., 

1894 

Rawson,  George  Wallace,  . 
Raymond,  Richard  Michael, 

Amherst. 

3,130 

A 

28    Dec. 

1894 

Westborough. 

1,121 

A 

31  1  Oct , 

1894 

Read,  Robert  McLellan,      . 

Boston. 

2,068 

A 

80  •  Nov.. 

1894 

Redfeam,  Joseph, 

Ashland. 

2.007 

A 

27     Nov., 

1894 

Redmond,  James  William, . 

South  Boston. 

3,687 

A 

19    Jan., 

1896 

Reed,  Albert  Church,  . 

Lowell. 

2,307 

A 

8    Dec, 

1894 

Reed,  Andrew  Fairfield, 

Holyoke. 

2,904 

A 

22    Dec, 

1894  1 

Reed,  Clara  Deborah  Whitman, 

Newton. 

2,387      A 

8    Dec,    1894 

Reed,  Thomas  Greenhalgh, 

Boston. 
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CSBTIFIOATB. 

• 

• 

DATS  or  XMUB. 

Name. 

Beildcocfi. 

» 

I 

Day.  IConth. 

Year. 

3,180 

A 

4 

Jan., 

1895 

Reed,  Robert  Gates. Woonsocket,  R.  I. 

1,260 

A 

6 

Nov., 

1894 

Reed,  William  Oilman, 

.    Soutbbridge. 

21 

B 

19 

Oct., 

1894 

Reeder,  Albert,    . 

.    Melrose. 

1,6A2 

A 

15 

Nov., 

1894 

Reeves,  Harriet  Elmira. 

.  ,  Boston. 

349 

A 

17 

Oct., 

1894 

Reid,  Robert  Alexander.     . 

.  '  Newton. 

3,310 

A 

4 

Jan., 

1895  . 

Remin 

Kton,  John  Alfred, 

.  i  Central  Falls,  R.L 

23 

A 

19 

Oct, 

1894 

Reyno 

ds,  Edward. 

.  ;  Boston. 

2,360 

A 

8 

Dec, 

1894 

Reyno 

ds.  Henry  Vose, 

.  1  Boston. 

3.711 

B 

19 

Jan , 

1895 

Reyno 

Ids,  Hiram  Creamer. 

Chelsea. 

2.168 

A 

30 

Nov., 

1894 

Rboads,  (ieorge,  . 

Springfield. 

2,303 

A 

8 

Dec. 

1894 

Rice,  Albert  James,     . 

Boston. 

1.195 

A 

6 

Nov., 

1894 

Rice,  Albert  Raymond, 

.  i  Springfield. 

2,822 

B 

22 

Dec, 

1894 

Rice,  Anstin  Bradford, 

Fiskdale. 

348 

A 

17 

Oct., 

1894 

1  Rice.  Charles  Henry,  . 

Fiichburg. 

1,619 

A 

7 

Nov., 

1894 

Rice,  Frederick  Winslow,   . 

Boston. 

3,089 

A 

28 

Dec, 

1894 

Rice,  George, 

So.  Framiogfaam. 

2.378 

A 

8 

Dec, 

1894 

Rice,  George  Brackett, 

Boston. 

2.232 

A 

4 

Dec, 

1894 

Rice.  George  Le  Roy, . 

North  Adams. 

2.806 

A 

22 

jjec. 

1894 

Rice,  Harry  Edwin,    . 

.  1  Springfield. 
.  1  Worcester. 

1,848 

A 

20 

Nov., 

1894 

Rice,  Joseph  Marcus,  • 

2,490 

A 

10 

Dec, 

1894 

Rich,  Frank  Urbanus , 

.  1  Maynard. 

767 

A 

24 

Oct, 

1894 

Rich,  Joshua  Bartlett, 

.  1  Worcester. 

2,931 

A 

22 

Dec, 

1894 

Richard,  Marcel, 

.  !  Lowell. 

479 

A 

19 

Oct., 

1894 

,  Richards,  Caroline  Maria,  . 

.    New  Bedford. 

2,469 

A 

10 

Dec, 

1894 

Richards,  George  Edwards, 

Boston. 

1,330 

A 

7 

Nov., 

1894 

Richards,  George  Lyman,  . 

.  ,  Boston. 

3,471 

A 

12 

Jan.. 

1896  I 

Richards,  William,      . 

.  .  Natick. 

2,309 

A 

8 

Dec, 

1894 ; 

Richardson,  Anna  Gove,     . 

Boston. 

3,438 

A 

12 

Jan., 

1895 ; 

Richardson,  Benjamin  Franklin 

Lynn. 

1,600 

A 

12 

Nov., 

1894 

Riciiardson,  Edward  Blake. 

Everett. 

2,977 

A 

26 

Dec, 

1894 

!  Richardson,  Emily  Metcalf, 

Waltham. 

1,144 

A 

<    1 

Nov., 

1894 

Richardson,  Frank  Chase,  . 

Boston. 

3,610 

A 

12 

Jan., 

1895 

Richardson,  Mark  Wyman, 

.     Boston. 

27 

A 

19 

Oct., 

1894  , 

Richardson,  Maurice  Howe, 

.  '  Boston. 

789 

A 

26 

Oct., 

1894 

Richardson,  William  Lambert,  , 

.  ,  Boston. 

3,141 

A 

3 

Jan., 

1896 

Richardson,  William  Shedd, 

Marlboroagii. 

3,540 

A 

15 

Jan., 

1895 

'  Richmond.  Ernest  Dalton, . 

East  Cfaarlemonv 

2,627 

B 

14 

Dec, 

1894 

Richmond,  Mary  Lov<goy, . 

Boston. 

1,846 

A 

20 

Nov., 

1894 

1  Ricker,  Charles  Henry, 

Lowell. 

2,678 

A 

13 

Dec, 

1894 

Ricketson,  Arthur, 

New  Bedford. 

2.946 

A 

26 

Dec, 

1894 

Riley,  John  Henry,     . 

.    North  Adams. 

2,170 

A 

30 

Nov., 

1894 

Riley,  Thomas,    .... 

Adams. 

1,632 

A 

15 

Nov., 

1894 

Ring,  Allen  Mott, 

ArlingtonHeigbU. 

2,686 

B 

17 

Dec, 

1894 

Riopelle,  Alexander  Joseph, 

Cbicopee. 

510 

A 

19 

Oct., 

1894 

Ripley,  Frederick  Jerome,  . 

.    Boston. 

1,289 

A 

7 

Nov., 

1894  . 

Ripley,  William  King, 
Robbins,  Elliott  Daniel,      . 

.    Bostou. 

112 

A 

1  19 

Oct., 

1894 

I 

Boston. 

1,986 

A 

27 

Nov., 

1894 

<  Robbins,  Fred  Gibson, 

Salem. 

313 

A 

17 

Oct., 

1894 : 

Robbins,  James  Henry, 

Hingham. 

1,704 

A 

19 

Nov., 

1894 

Roberts,  Dolphin  Pemanders,    . 

4 

Boston. 

2,049 

A 

30 

Nov., 

1894 

Roberts,  George  Kerr, 

Attleborougfa. 

794 

A 

26 

Oct., 

1894 

Roberts,  Henry  Ambrose,  . 

Boston. 

913 

A 

'  29 

Oct., 

1894 

Roberts,  Isaac  Lincoln, 

Boston. 

2,402 

A 

8 

Dec, 

1894 

Roberts,  Linneus  Alton, 

Boston. 

473 

A 

19 

Oct., 

1894 

Roberts,  Oscar  Samuel, 

!  ;  Pittsfield. 

742 

A 

24 

Oct., 

1894 

Roberts,  Oscar  Waldo. 

Springfield. 

76 

A 

19 

Oct., 

1894 

Roberts,  Osmon  Osmore,     . 

NorthamptOD. 

689 

A 

22 

Oct., 

1894 

Robertson,  James  Douglas, 

Boston. 

2,169 

A 

30 

Nov., 

1894 

Robie,  Walter  Franklin,     . 

Baldwinsvillc 

654 

A 

22 

Oct, 

1894 

Robinson,  Albert  Brown,    .... 

Boston. 

1895.] 
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Beeord  of  thoae  Registered,  etc — Continn«d. 


GnnvKun. 


dQ 


^ 


1,863 

918 
2,200 
2,159 
1,910 
2,134 
1,484 
3,092 
2,395 
2,764 

237 
2,860 
2,289 
1,018 
3,193 
1,193 
2,985 
2,771 

632 
2,369 
8,237 
1,666 
2,143 
2,696 
46 
3,206 
1,702 
1,700 

340 
2,405 
1,967 

764 
1,891 
3,709 
1,198 
2,046 
2,465 
1,913 
2,300 
1,667 
1,310 
2,574 

212 
1,078 

753 

142 
2,283 
2,411 
1,643 

503 
1,182 
1,286 
3,257 
3,696 
1,470 
3,611 
1,569 
3,865 
2,631 

344 


i 
& 


A 
A 
A 
A 

A 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
B 
A 
A 
A 
A 
B 
A 
A 
A 
A 
B 
B 
A 
B 
A 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
A 
A 


DATS  OV  I8SUS. 


Day. 


Month. 


Ymt. 


21 
29 
30 
30 
21 
30 

7 
28 

8 
19 
17 
22 

8 
30 

4 

5 
26 
19 
22 

8 

4 
26 
30 
17 
19 

5 
19 
19 
17 

8 

27 
24 
21 
19 

5 
30 
10 
21 

8 
19 

7 

13 
19 
31 
24 
19 

8 

8 
15 
19 

5 

7 

4 
19 

7 

19 
12 
29 
14 
17 


Not., 

Oct., 

Nov., 

Nov., 

Nov., 

Nov., 

Nov., 

Dec, 

Dec, 

Dec, 

Oct., 

Doc, 

Dec, 

Oct., 

Jan., 

Nov., 

Dec, 

Dec, 

Oct., 

Dec, 

Jan., 

Oct., 

Nov., 

Dec, 

Oct., 

Jan., 

Nov., 

Nov., 

Oct., 

Dec, 

Nov., 

Oct., 

Nov., 

Jan., 

Nov., 

Nov., 

Dec, 

Nov., 

Dec, 

Nov., 

Nov., 

Dec, 

Oct., 

Oct., 

Oct., 

Oct., 

Dec, 

Dec, 

Nov., 

Oct., 

Nov., 

Nov., 

Jan., 

Jan., 

Nov., 

Jan., 

Nov., 

Mar., 

Dec, 

Oct., 


1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1895 
1894 
1895 
1894 
1895 
1894 
1894 


Name. 


Robinson,  Alexander  Lincoln, 
Robinson,  Ernest  Frederick, 
Robinson,  Florence  Nightingale 
Robinson,  Oilman  Parker,  . 
Robinson,  Jonathan  Henry, 
Robinson,  Joseph  Henry,    . 
Robinson,  Lacy  Morton,     . 
Robinson,  Millard  Lyman, 
Robinson,  Thomas  Johns,  . 
Robinson,  Walter  Scott, 
Robinson,  Wilbelmns  Bogart, 
Robinson,  William  Henry, 
Roche,  Thomas  Francis,     ■ 
Rochette,  Loais  Victor, 
Rockwell,  John  Arnold, 
Roeth,  Adolpb  Gaston, 
RoflT,  Moses, 
Rogers,  Albert  Edward, 
Rogers,  Charles  Rafas, 
Rogers,  Frank  Aivin,  . 
Rogers,  Orviile  Forrest, 
Rogers,  Triton  Raphel, 
Rohrer.  Sofler  Radolf, 
Rolfe,  William  Alfred. 
Rollins,  Charlotte  Abbie,    . 
Rollins,  William  Herbert,  . 
Root,  Alice  Lucinda,  . 
Root,  John  Reynolds, 
Root,  Richmond  Barboar,  . 
Roscoe,  Tom, 
Rose,  Daniel  Campbell, 
Roseman,  Milton  Joseph,    . 
Ross,  George  Ivlson,   . 
Rosson,  Emma,  . 
Rotch,  Thomas  Morgan,     . 
Roth,  Edward,     . 
Ronlier,  Jacobnm  Phillippe, 
Ronnd,  Arthur  Morey, 
Rourke,  Joseph  Edward,    . 
Ronthier,  Michael  Omer,    . 
Rovinsky,  Alexander, 
Rowe,  Alice  Eliza, 
Rowe,  George  Howard  Malcolm 
Rowley,  WllHam, 
Roy,  James  McDonald, 
Roy,  Joseph  Hormidas, 
Roy,  Louis  Joseph, 
Roy,  Pramatb  Nath,    . 
Royal,  Herbert  Benjamin,  . 
Ruddick,  William  Henderson, 
Raggles,  Wlllard  Osroan,    . 
Runnells,  Andrew  Jackson, 
Ruppel,  Emil  Carl  Fraser,  . 
Rnppel,  Myra  Daniel  Allen, 
Russell,  Flora  Smith,  • 
Russell,  Frederick  William, 
Russell,  John  Henry,  . 
Russell,  John  Perkins, 
Russell,  Trueman  Everett, . 
Russell,  William  Henry,     . 


BesidenM. 


Pittsfleld. 

Truro. 

Lawrence. 

Reading. 

Sonthborongh. 

Worcester. 

Brockton. 

Westfield. 

Taunton. 

Taunton. 

East  Charlemont. 

Boston. 

Boston. 

Lowell. 

Boston. 

Boston. 

Boston. 

Boston. 

Plymouth. 

Chatham. 

Dorchester. 

Springfield. 

Collinsville. 

Boston. 

Chelsea. 

Boston. 

Boston. 

Boston. 

Georgetown. 

Somervllle. 

Stoughton. 

Boston. 

Canton. 

Wakefield. 

Boston. 

Vineyard  Haven. 

Salem. 

Norton. 

Boston. 

Lawrence. 

Boston. 

Indian  Orchard. 

Boston. 

Lanes  ville. 

East  Boston. 

Lowell. 

Springfield. 

Charlestown. 

Harvard. 

South  Boston. 

Boston. 

Boston. 

Lynn. 

Lynn. 

Boston. 

Winchendon. 

Boston. 

Springfield. 

Boston. 

Ipswich. 


EEGISTRATIOK  IN  MEDICINE. 


[Jm. 


Seeord  of  Oote  Begitla-ed,  etc  —  CoDtinaed. 


CnnncuLim. 

~^ 

ji 

1 

»T>  <»  U«^ 

""* 

B.iU» 

X 

DirJuoiiib. 

Tar. 

3,688 

B 

17  ■■  Dec., 

1S94 

Rnat,  Charlei  HaDDlQg,      .       .        .        . 

WlnchesHt. 

i,m 

A 

IB    Jan., 

lS9fi 

Ryao,  John  Lawrence, 

WoKMter. 

3,Dfil 

A 

28    I>BC., 

1894 

Ryan,  Philip  Harcelliu.      . 

BoeloD. 

3,026 

30    Nor. 

894 

Rjan,  William  John,  . 

Worwfter. 

4H 

A 

19    Oct., 

894 

Ryder,  Godfrey,  . 

Maiden. 

1.683 

A 

IB    Not. 

S»4 

Sabiae,  George  Krana, 

Boston, 

1748 

19 

Not. 

894 

Sachett.  Harry  Robert,       . 

Holyoke. 

798 

26 

Oct., 

894 

SaObrd.  HoMt  Victor, 

1,2W 

7 

Not. 

1894 

Si.  Clair,  Aoatln  Bmerj,     . 

Boeion. 

1.329 

A 

7 

Not. 

18B4 

St.  BennlB,  Josepb  Nelwn. 

Medfbrd. 

197 

A 

19 

Oct, 

1894 

St.  Oeorge,  Norman.    . 

Boelon. 

2.066 

30 

Not. 

IBM 

.St.  Oeorgtu,  Wllfied  Hark. 

Holyoke. 

1,077 

A 

31 

Oct., 

1894 

St.  Oermaio,  Joteph  Pierre, 

New  Bedfort. 

1,727 

A    ,  19 

Not. 

1894 

8 1.  Oennaln,  Valmor«, 

Fall  RiTer. 

2,209 

A    ,     b 

Dec., 

1B94 

St.  Jacqnes,  Joseph  Robert, 

Hwlbotoogti, 

8,027 

A  II  28 

Dm., 

1894 

Sallmacah,  Seth.  .        .       . 

Lexington. 

789 

A  '.  24 

Oct., 

1894 

Sampson,  Lottie  Emma,      . 

Maiden. 

2,600 

B  '<  U 

Dec, 

1894 

Sampson,  Nellie, . 

106 

A  :,'20 

Oct.. 

1894 

Sanborn,  Edwin  Aaron,       . 
Sanborn,  Emma  Mary  Eartman 

l.fl6fi 

12 

Not, 

1894 

AndOTer. 

770 

24 

Oel., 

1H94 

Sanborn,  Frederick  Jamet, 

Spencer. 

1.303 

4 

7 

Not. 

1894 

Sanborn,  Josepb  Lander,    . 

LVnn. 

1.206 

A 

Not. 

1894 

Sanborn,  Kale,      . 

Medway. 
BelliDflWm. 

2.892 

22 

Dec, 

1894 

Sanborn,  Nathan  Willard,  . 

2,101 

30 

Not. 

1894 

Sanborn,  Perley  Lewis, 

Harblebead. 

235 

A 

17 

Oct., 

1894 

Sanders,  Orren  Bamhani,  . 

Boston. 

238 

A 

17 

Oct., 

1894 

8«ndBrB,  Orren  Strong, 

Boston. 

2,179 

A 

30 

Nor. 

1894 

Sanders,  WllUam  Bembai^, 

Botlon. 

sim 

A 

Jan., 

1895 

Sanderson,  James  Henry,   . 

1.551 

12 

Not. 

1894 

Sanford.  Edward. 

2,082 

A 

30 

Not 

1894 

Si         -■[,... 

Boston. 

328 

A 

17 

Oct., 

1894 

S>                   Nathaniel,      . 

8Uem. 

2.971 

A 

26 

Dec, 

1894 

Si                  Jles  Samnel.    . 

WetMiw. 

B27 

A 

26 

Oct., 

1894 

Si                  rge  Bancroft.  . 

2,512 

A 

10 

Dec, 

894 

S.                    enio  Dow,        . 

Bradftird. 

3,633 

A 

Jiin., 

B9B 

Si                  iShaw,     . 

Boston. 

2,181 

30 

NaT. 

894 

Si                    nbroiB  ConnI*, 

Cambridga. 

1,6SB 

\b 

Not. 

894 

Si                  Hi  Henry, 

Leeds, 

2,835 

13. 

Dec, 

894 

SaTlgnac,  Arthnr.        .       . 
Sawfii,  Charles  Dexter, 

472 

19 

Oct., 

894 

Boston. 

2,eiG 

U 

Dec, 

8B4 

Sawln,  Robert  Valentine,   . 

Brim  Held 

712 

A      24 

Oct., 

894 

SawUile,  Benjamin  Albert, 

Bnaeld. 

1.027 

A 

31 

Oct., 

Sawtelle.  George  Bassett,    . 

Maiden, 

1,008 

A 

30 

Oct., 

1894 

Sawtelle,  Henry  Winchester, 

Chelaea. 

1S83 

7 

Not. 

1894 

Sawyer,  Alzaman, 

ProTidence,  K-  L 

297 

A 

17 

1891 

Sawyer,  Benjamin  Addl»on, 

HBTerhlll. 

3,647 

A 

19 

J»nV, 

1895 

Sawyer,  CbarLes  Milton,      . 

ADdOT«T. 

730 

A 

24 

Oct., 

Sawyer,  Elihn  UBoy. 

Barr«. 

1.769 

B 

19 

Not, 

894 

Sawyer,  Emily  Harriet, 
Sawyer,  Frank  Wade, 

Somerrille. 

3,178 

4 

Jan., 

89fi 

ETeretL 

648 

A 

22 

Oct.. 

894 

Sawyer,  Frederick  AagnilDS, 

Wareham. 

2.702 

17 

Dec, 

894 

Sawyer,  Herbert  Honston, . 

Boston. 

3,708 

B 

19 

Jas., 

1895 

Sawyer,  Katie  Sarah,  . 

Barre 

1,922 

21 

Not. 

1894 

Sawyer.  Walter  Falrbanlc*. 

Ktchhnrg. 

2>23 

22 

Dec, 

1894 

Sawyer,  Wesley, . 

Lowell. 

3,713 

A 

28 

Jan., 

1895 

Sawyer,  Willis  Herbert,      . 

Boston. 

683 

A 

22 

Oct.. 

1894 

Scales,  Edwanl  Pay  son,      . 
Scannell,  Michael  Edward, 

S32 

20 

Oct., 

1894 

Worceatcr. 

l,W» 

7 

Not. 

1894 

Schaake,  Frederick  Henry, 

Lawrence. 

...» 

L 

_!. 

Not. 

1894 

Schiller,  Loaii  Bdoiuud,     . 

Lowell. 

1895.] 
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Record  of  those  Registered,  etc.  —  Continued. 


CsninaATi. 


1,774 

1,644 

1,163 

251 

991 

2,6ft8 

3,264 

1,964 

1,662 

1,826 

840 

452 

24 

809 

2,454 

2,137 

119 

2,338 

36 

1,439 

2,562 

1,030 

2,957 

3,624 

2,970 

804 

225 

976 

2,055 

2,936 

2,167 

3,682 

512 

356 

857 

2,900 

2,451 

1,608 

1,256 

1,781 

2,290 

1,884 

3,842 

2,111 

1,528 

786 

746 

823 

1,618 

1,791 

3,303 

3,722 

1,068 

3,107 

3,464 

256 

3,131 

2,827 

2,216 

2,876 


o 


A 

A 

B 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 

A 

A  ' 

A  ! 

A  I 


DATB  or  IMUS. 


D«y. 


Month. 


Year. 


A 
A 
A 
A 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
A 
A 


19 
15 

5 
17 
30 
17 

4 
27 
15 
20 
26 
19 
19 
26 
10 
30 
19 

8 
19 

7 
13 
31 
26 
15 
26 
26 
17 
30 
30 
22 
30 
19 
19 
17 
24 


A  I,  22 


10 
12 

6 
19 

8 
21 
29 
30 

7 
26 
24 
26 
12 
19 

4 

28 
31 
28 
12 
17 
28 
22 

6 
22 


Nov., 

Not., 

Nov., 

Oct., 

Oct., 

Dec., 

Jan., 

Nov., 

Nov., 

Nov., 

Oct., 

Oct., 

Oct., 

Oct, 

Dec, 

Nov., 

Oct., 

Dec., 

Oct., 

Nov., 

Dec, 

Oct, 

Dec  , 

Jan., 

Dec , 

Oct., 

Oct., 

Oct., 

Nov., 

Dec, 

Nov., 

Jan., 

Oct., 

Oct., 

Oct., 

Dec, 

Dec, 

Nov., 

Nov., 

Nov., 

Dec, 

Nov., 

Mar., 

Nov., 

Nov., 

Oct., 

Oct, 

Oct, 

Nov., 

Nov., 

Jan., 

Jan., 

Oct., 

Dec, 

Jan., 

Oct., 

Dec. 

Dec, 

Dec, 

Dec, 


1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1891 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1895 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 


Nam*. 


Schneider,  Jacob  Philip, 
Scofleld,  Walter, . 
Scott,  Charles  Wintield, 
Scott,  Chester  Walter, 
Scott,  Cyrus  Wallace, . 
Scott,  Gavin  Steel, 
Scotti,  Federico,  . 
Scribner,  Ernest  Varian, 
Scndder,  Charles  Locke, 
Seaman,  William, 
Searle,  George  James, 
Sears,  Eloise  Angnsta, 
Sears,  George  Gray,    . 
Sears,  Henry  Thatcher, 
Seelye,  Hiram  Henry, 
Seelyo,  Ralph  Holland, 
Segool,  Hyman,  . 
Segur,  Willard  Blossom, 
Seip,  Charles  Lewis,    . 
Selee,  Annie  Maud,     . 
Sellew,  Philip  Hamilton, 
Selling,  Leo  Milton,     . 
Selva,  Julius, 
Senter,  George  Eldredge, 
Serijanlan,  Tatios  Kasbar, 
Severance,  William  Lyman, 
Severance,  William  Sidney, 
Sewall,  John  Jasper,  . 
Seymour,  Christopher, 
Seymour,  James  Dwight,    . 
Seymour,  Susan  Pheland,  . 
Shackford,  Charles  Harrison, 
Shanahan,  John, . 
Shannon,  Nat  Vaughn, 
Shapira,  Israel  Jarius  Elihaf, 
Shaplelgh,  Alfred  Lindsay, 
Sharp,  Walter  Nevin, . 
Shattuck,  Charles  Harvey,  . 
Shattuck,  Frederick  Cheever, 
Shattuck,  George  Brune,     . 
Sbaw,  Albert  Joel, 
Shaw,  Arthur  John,     . 
Shaw,  Charles  Albert, 
Shaw,  Henry  Lyman, . 
Shaw,  James  Stott, 
Shaw,  John  Cook, 
Shaw,  John  Holbrook, 
Shaw,  John  Joseph,     . 
Shaw,  Sarah  Jane  Hutchinson, 
Shaw,  Thomas  Pierpont,     . 
Shay,  Thomas  McGnire,     . 
Shea,  Daniel  Francis,  . 
Shea,  Thomas  Bernard, 
Sbeehan,  William  Joseph,  . 
Sheehy,  William  Clinton,    . 
Sheldon,  Chauncey  Cooley, 
Shepard,  James  Almon, 
Shepardson,  Oscar  Jerome, 
Shepherd,  Susan  Symonds, 
Sherlden,  Oliver  Michael,    . 


Rmidenoe. 


Springfield. 

Dalton. 

Boston. 

Lawrence. 

Andover. 

Lawrence. 

Boston. 

Worcester. 

Boston. 

Lynn. 

Marlborough. 

Waltham. 

Boston. 

Boston. 

Amherst. 

Springfield. 

Boston. 

Boston. 

New  Bedford. 

Melrose. 

Springfield. 

Holyoke. 

Boston. 

Boston. 

Lynn. 

Greenfield. 

Greenfield. 

Boston. 

Northampton. 

Whately. 

Springfield. 

Chelsea. 

Peabody. 

Cambridge. 

Boston. 

Allston. 

Saxonville. 

Ballardvaie 

Boston. 

Boston. 

Boston. 

Boston. 

Boston. 

Boston. 

Boston. 

New  Bedford 

Plymouth. 

Plymouth. 

Boston. 

Lowell. 

Roxbnry. 

Uxbridge. 

Boston. 

Salem. 

New  Bedford. 

Lvnn. 

Westfleld. 

Chester. 

Marlborough. 

Jamaica  Plain. 
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REGISTRATION  Df  MEDICINE. 


[Jan. 


Record  of  those  Begislered,  etc. — Continned. 


Cbitificatb. 

1 

1 

■ 

1 

DATS  or  xtsra. 

a 

I 

s 

k 

Day.  Month.  T««r. 

1      1 

3.694 

A 

19  Jan., 

1 
1896  ' 

3,152 

A  , 

3  :  Jan.,  1895 

2,990 

B 

28  '  Dec.  1894 

176 

A 

19 

Oct., 

1894 

1,062 

A  1 

31 

Oct., 

1894 

248 

A 

17 

Oct., 

1894 

2,298 

A 

8 

Dec, 

1894 

617 

A ; 

22 

Oct., 

1894  , 

3,693 

A  1 

19 

Jan., 

1895 

808 

A 

26 

Oct., 

1894 

2,890 

A 

22 

Dec, 

1894 

2,383 

A 

8 

Dec, 

1894 

2,706 

A 

17 

Dec, 

1894 

1,623 

A  1 

7 

Nov., 

1894 

1,686 

A 

12 

Nov., 

1894 

82 

A  ' 

19 

Oct., 

1894 

1.202 

A 

5 

Nov., 

1894 

1,460 

A 

7 

Nov., 

1894 

1,842 

A 

7 

Nov., 

1894  , 

1,012 

A 

7 

Nov., 

1894  ' 

1,376 

A  , 

7 

Nov., 

1894 

3,009 

B 

28 

Dec, 

1894 

2,921 

A 

22 

Dec, 

1894 

8,272 

A  ' 

4 

Jan., 

1895 

2,016 

A ; 

30 

Nov., 

1894 

638 

A  1 

20 

Oct., 

1894  ' 

1,437 

A  1 

7 

Nov., 

1894 

3,488 

A  , 

12 

Jan., 

1895 

2,781 

A 

19 

Dec, 

1894 

3,108 

A  ' 

28 

Dec, 

1894 

3,268 

B 

4 

Jan  ,  1895 

1,510 

A  1 

7 

Nov..  1894 

528 

B 

20 

Oct., 

1894  , 

389 

A 

19 

Oct., 

1894  ! 

2,041 

A  < 

30 

Nov., 

1894 

1.113 

A 

31 

Oct., 

1894 

664 

A 

22 

Oct., 

1894 

1,356 

A 

7 

Nov., 

1894 

2,912 

A 

22 

Dec, 

1894 

3.490 

A  ' 

12 

Jan., 

1895 

177 

A 

19 

Oct., 

1894 

12 

A 

19 

Oct, 

1894 

636 

A 

22 

Oct., 

1894 

1,172 

A 

5 

Nov., 

1894 

3,024 

A 

28 

Dec, 

1894 

3,350 

A 

8 

Jan., 

1895  i| 

2,154 

A 

30 

Nov., 

1894 

1.877 

A 

21 

Nov..!  1894 

2,905 

A 

22  ;  Dec, 

1894  1 

1,302 

A 

7  Nov.,  1894  1 

1,103 

A 

31  ;  Oct., 

1894 

3,614 

A 

1  12 

Jan., 

1895 

1,930 

A 

121 

Nov., 

1894 

3,785 

B 

1  1 

Mar., 

1895 

1.799 

A 

19 

Nov., 

1894  - 

2,787 

A 

22 

Dec, 

1894 

1,047 

A 

1  31 

Oct., 

1894 

3,262 

A 

4 

Jan., 

1895 

489 

A 

!  19 

Oct., 

1894 

1,382 

A 

7 

Nov., 

1894 

Sherman,  Charles  Francis, . 
Sherman,  Frank  Morton, 
Sherman,  James  Henry, 
Sherman,  James  Turner,     . 
Sherman,  John,    . 
Sherman,  John  Howard,     . 
Sherman,  Mary  Hasting,  . 
Sherman,  Sarah  Eva, . 
Sherman,  William  Spragne, 
Sherwtn,  Anrelins  Calvin,  . 
Shirley,  Allen  Lincoln, 
Shores,  Harvey  Towie, 
Shreve,  Octavius  Barrel),    . 
ShnrtlefiT,  Engene, 
ShnrtlefT,  Frank  Atwood,    . 
Shartleff,  Fred  Cazeanx,     . 
Shnrtleir,  George  Frederick, 
Shartleff,  Henrr  Austin, 
Sibley,  Hartwell  Augnstus, 
Sidney,  Austin  Wilbur, 
Si^gins,  John  Jacob,    . 
Sill,  John  Wellesley,    . 
Silva,  Francis  Pierce,  . 
Simmons,  Clara  Congdon,  . 
Simmons,  William  Edmund, 
SImonds  (nee  Nutter),  Marilla  Reed 
Simpson,  Charles  Edward, . 
Simpson,  Edmund  S,  . 
Simpson,  George  Foster,     . 
Simpson,  James  Edwin, 
Simpson,  John  Thomas  Lionel, 
Simpson,  William  Langdon, 
Sims,  Charles  Hawkins, 
Sinclair,  Alexander  Donll,  . 
Sinclair,  William  Albert,    . 
Siskind,  Alexander  Louis,  . 
Sisson,  Edward  Rotch, 
Skinner,  Edward  Manning, 
Skinner,  John, 
Siattery,  John  Richard, 
Slayter,  John  Theodore  Harding 
Slayton,  William  Taft, 
Sleeper,  Walter  Julian, 
Small,  Herbert  Elwyn, 
Small.  John  Weslev,   . 
Small,  Whitmell  Pugh, 
Smith,  Andrew  Murray, 
Smith,  Arthur  Vincent, 
Smith,  Asa  Dennis. 
Smith.  Charles  John  James, 
Smith.  Charles  Morton, 
Smith,  Charles  Sherman,     . 
Smith,  Daniel  Patrick, 
Smith,  David  Wiley,   . 
Smith,  Ella  Gertrude, . 
Smith,  Ezra  Algernon, 
Smith,  Frank  Simpson, 
Smith,  Franklin  Benjamin, 
Smith,  Frederick  Glazier,   . 
Smith,  George  Herbert, 


Haverhill. 

Haverhill. 

N.Mlddleboroogb. 

Boston. 

Boston. 

Boston. 

Brook6eld. 

Salem. 

Newport,  R.  I. 

Boston. 

Bridge  water. 

Boston. 

Salem. 
I  Boston. 
I  Somerset. 
!  Boston. 

Westfield. 

Campello. 
.  Chelsea. 

Fltchburg. 

Boston. 

Spencer. 

Cbarlestown. 

Chelsea. 

Chelsea. 

Boston. 

Lowell. 

Boston. 

North  Adams. 

Salem. 

Boston. 

Boston. 

Boston. 

Boston. 

Boston 

Lawrence. 

New  Bedford. 

Boston. 

Boston. 

Boston. 

Cambridge. 

Boston. 

Westford. 

Boston. 

Hyde  Park. 

Great  BairingtoQ. 

Williamstoin]. 

Middleborongh. 

Boston. 

Boston. 

Boston. 

Providence,  R.  I. 

Attleborongb. 

Boston. 

Boston. 

Miller's  Falls. 

Boston. 

Rochester,  N.  Y. 

Somerville. 

Holyoke. 
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Record  oj  those  Segittered,  etc.  —  Continaed. 


Cbrtiyioatk. 

J 

• 

& 

DATS  ov  lasus. 

Name. 

Besldenoe. 

s 

a 

Day. 

1 

Month. 

Tear. 

1,494 

A 

1 
1    7 

Nov., 

18^4 

1 

.  Smith,  George  La  Brecbe,  ....    Northampton. 

2,063 

A 

30 

Nov., 

1894 

Smith.  Henry  Marcellus,    . 

.  1  I^e. 

1,385 

A 

7 

Nov., 

1894 

Smith,  Herbert  Llewellyn,  . 

.    Boston. 

412 

A 

19 

Oct., 

1894 

'  Smith,  Hermon  Joseph, 

.  '  Lowell. 

1.249 

A 

5 

Nov.. 

1894 

;  Smith,  Hiram  Fred  Markle; 

Tf     ' 

.    Orange. 

1,898 

A 

21 

Nov., 

1894 

Smith,  Homer  Aivan,  . 

.    Bondsville. 

1,444 

A 

7 

Nov, 

18iH 

,  Smith,  Jonathan  Jason, 

.    Boston. 

673 

A 

22 

Oct, 

1894 

Smith,  Joseph  Heber, . 

.    Boston. 

1,703 

B 

19 

Nov., 

1K94 

Smith,  Julia  Ann  Crafts, 

.    Boston. 

1,405 

A 

7 

Nov., 

1894 

Smith,  Lawrence  Sumner,  . 

.    Haverhill. 

2,858 

B 

22 

Dec  , 

1894 

1  Smith,  Levi  Jasper, 

.    Boston. 

967 

A 

30 

Oct., 

1894 

Smith,  Mary  Almira,  . 

.    Boston. 

2,612 

A 

14 

Dec, 

1891 

Smith,  Murdock  Campbell, 

.    Lynn. 

2,444 

A 

10 

Dec, 

1894 

1  Smith,  Snmner  Phinney,     . 

.    Lowell. 

3,432 

A 

12 

Jan., 

1895 

1  Smith,  Thomas  Burke, 

.  '  Lowell. 

64 

A 

1  19 

Oct, 

1894 

,  Smith,  Walter  Anson. 

.    Hinsdale. 

2,460 

A 

10 

Dec, 

1894 

i  Smith,  Winfleld  Scott, 

.  1  Boston. 

3,261 

A 

4 

Jan., 

1895 

<  Smithwick,  John, 

.  >  Sharon. 

1,609 

A 

12 

Nov., 

1894 

Smyth,  Herbert  Edmund, 

.  1  Marlborough. 

1,607 

A 

12 

Nov., 

1894 

'  Snow,  Asa  Vernon, 

.  1  Brookfield. 

2,162 

A 

30 

Nov., 

1894 

;  Snvder,  Charles  Wight, 
Solomon,  James  Madison, 

■               • 

Sheffield. 

1,974 

B 

1  27 

Nov., 

1894 

B                         • 

Attleborough. 

1,699 

B 

1  19 

Nov., 

1894 

Solomon,  Sarah  Augusta, 

•                          ■ 

Attleborougb. 

2,699 

B 

14 

Dec, 

1894 

Solomon,  William  Burr,     . 

■                          • 

Fall  River. 

3,413 

A 

12 

Jan., 

1895 

j  Somers,  John  Edward, 

»                          • 

Cambridge. 

1.970 

A 

27 

Nov, 

1894 

Soper,  Lvman  White,  . 

.!  Chelsea.' 

2,779 

A 

19 

Dec, 

1894 

Sopher,  (Jurtis  Levi,     . 

.  1  Wakefield. 

455 

A 

19 

Oct., 

1894 

Soule,  Horatio  Sprague, 

.  1  Winthrop. 

3,781 

B 

1 

Mar., 

1895 

Soule,  John  Albion,     . 

.    Hyde  Park 

1,667 

A 

15 

Nov., 

1894 

Soules,  Silas  George,   . 

.  1  Hudson. 

1.984 

A 

27 

Nov, 

1894 

Soother,  William  towie, 

•               • 

Worcester. 

3,531 

B 

,  16 

Jan., 

1895 

,  Souihgate,  George  Alonzo, 

•               • 

Dedham. 

2,452 

A 

10 

Dec, 

1894 

.  Souihgate,  Ilobert  William, 

.    Dedbam. 

87 

A 

19 

Oct., 

1894 

South  wick,  George  Rinaldo, 

.    Boston. 

2,657 

A 

17 

Dec, 

1894 

Spalding,  Charles  Franklin, 

.    Springfield. 

1.106 

A 

31 

Oct., 

1894 

Spalding,  Henry  Edwin,     . 

.    Boston. 

3,000 

B 

28 

Dec  , 

1894 

Spalding,  Jac*ob  Franklin,  . 

.    Salisbury. 

460 

A 

19 

Oct, 

1894 

Spalding,  Samuel  Hopkins, 

.     Hingham. 

1,206 

A 

5 

Nov., 

1894 

Sparhawk,  Clement  Willis, 

.    West  Roxbury. 

2,130 

A 

30 

Nov., 

1894 

Sparrow,  William  Edward, 

.    Mattapoisett. 

954 

A 

30 

Oct., 

1894 

Spaulding,  Charles  Parker, 

.  '  Lowell. 

3,428 

A 

12 

Jan., 

1895 

Spaulding,  Miles, 

.    Groton. 

:i67 

A 

19 

Oct., 

1894 

Spear,  Edmund  Doe,   . 

.    Boston. 

2,895 

B 

22 

Dec, 

1894 

Spencer,  Emily  Jone,  . 

.    Boston. 

922 

A 

29 

Oct., 

1894 

Spencer,  Esek  Edwin, 

.  1  Cambridgeport. 

1,458 

A 

1    7 

Nov., 

1894 

Spencer,  George  Frederick  Allen, 

.    Ware. 

1,436 

A 

7 

Nov., 

1894 

Spencer,  William  Warren  Conant, 

.    Boston. 

2,670 

A 

17 

Dec , 

1894 

Spooner,  George  Robert, 

.  1  North  Brookfleld. 

939 

A 

29 

Oct., 

1894 

Spooner,  John  Wlnthrop,    . 

•  •  Hingham. 

342 

A 

.  17 

Oct., 

1894 

Sprague,  George  Percy; 

.    Danvers. 

1,394 

A 

7 

Nov., 

1894 

Sprague,  Phel)e  Ann,  . 

.  1  Springfield. 

2,857 

A 

1  22 

Dec, 

1894 

Sprague,  Rufus  William,    . 

• 

Boston. 

2,069 

A 

30 

Nov., 

1894 

Spring,  Clarence  Walter,     . 

•    j 

Fitchburg. 

2,039 

A 

1  30 

Nov., 

1894 

Springer,  Nathan  Ayer, 

*              * 

Wobum. 

323 

A 

i  *7 

Oct., 

1894 

Squier,  Angelo  Orin,    . 

.    Springfield. 

1,305 

A 

7 

Nov., 

1894 

Stackpole,  Frederick  Dabney,    . 

.    Boston. 

2.972 

A 

S  26 

Dec, 

1894 

Stack  pole,  George  Edmund, 
Stacy,  Charles  Franklin,     . 

.    Maiden. 

1,482 

A 

.    7 

Nov., 

1894 

« 

Boston. 

3,436 

A 

.  12 

Jan., 

1895 

Stafford,  Frank  Dalmon,     . 

• 

North  Adams. 

3,788 

B 

1 

■ 

Mar., 

1895 

Siahl,  Alfred  Franz, 

Boston. 
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I&cord  of  those  Registered,  etc,  —  Continued. 


CsmriFiOATS. 


i 


» 


427 
2,351 

fil6 
2,19A 

469 
2,626 

734 
3,168 
2,012 
1,927 
1,676 
2,706 

740 
3,293 

661 

106 
1,360 
8,721 
2,017 

649 
2,148 
1.09? 
1,391 

664 

363 
2,830 

441 
1,442 
3,687 

848 
2,366 

663 

966 
2,994 

424 
2,723 
2,929 
3,111 
1.676 
3,110 
3,046 
1.719 
3,799 
3,618 
3,445 
2,279 
2,913 
1,733 

218 
2.196 
3,472 
2,894 
1,861 
1,560 
1,979 

127 
2.724 
2,352 
2,917 

203 


DATS  OV  ISaUB. 


Day. 


A 

A 
A 
A 
A 
A 
A 
A 
A 
A 


Month. 


Taar. 


19 
8 
19 
30 
19 
10 
24 
3 

30 
21 
12 
17 
A  I  24 
I  4 
22 


I 


B 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 


19 

7 

28 
30 
22 
30 
31 

7 
22 
17 
22 
19 

7 
19 
26 

8 

22 
30 
28 
19 
17 
22 
28 
19 
28 
28 
19 
12 
19 
12 

8 
22 
19 
17 
30 
12 

8 

20 
12 
27 
19 
17 

8 
22 
19 


Oct., 

L/OCa, 

Oct.,  I 

Nov.! 

Oct., 

Dec., 

Oct., 

Jao., 

Nov., 

Nov., 

Nov., 

Dec, 

Oct., 

Jan., 

Oct., 

Oct., 

Nov., 

Jan., 

Nov., 

Oct., 

Nov., 

Oct., 

Nov., 

Oct., 

Oct., 

Dec , 

Oct., 

Nov., 

Jan., 

Oct., 

Dec, 

Oct., 

Oct., 

Dec, 

Oct., 

Dec, 

Dec, 

Dec. 

Nov., 

Dec, 

Dec, 

Nov, 

Mar., 

Jan.. 

Jan.. 

Dec, 

Dec, 

Nov, 

Oct., 

Nov., 

Jan.. 

Dec, 

Nov., 

Nov., 

Nov., 

Oct., 

Dec, 

Dec, 

Dec, 

Oct., 


1894 

1894 

1894 

1894 

1894 

1894 

1894 

1895 

1894 

1894 

1894 

1894 

1894 

1896 

1894 

1894 

1894 

1896 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1895 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1895 

1895 

1895 

1894 

1894 

1894 

1894 

1894 

1896 

1894 

1894 

1894 ; 

1894  I 
1894  I 
1894  ; 
1894 
1894 
1894 


Kame. 


Swift,  Lawrence  Cbew, 
Swift,  Robert, 
Swift,  William  Nye,     . 
Sylvester,  Stephen  Alden,    . 
Sylvester,  William  Uillman, 
Sylvia,  Manael  Yictorino,  . 
Symonds,  Bei\jamin  Ropes, 
Synan.  William  Edward,     . 
Taft,  Mary  Florence,   . 
Talbot,  George  Henry, 
Talbot,  Israel  Tibdale, 
Talbot,  Wintbrop  Tisdale,  . 
Tallroan.  Augnstos  Littlefield, 
Tallman,  William  Cyprian, 
Tanner,  John  Alexander,     . 
Tar  bell,  George  Grosvenor, 
Tasker,  Frank  Edwin, 
Tass^.  Joseph  Chrysantbe  Edward, 
Tatnm,  Rives, 
Taylor-Cole,  Anna  Bessie,  . 
Taylor,  Charles  Warren,     . 
Taylor,  Edward  Wyllys,     . 
Taylor.  Esther  Woodman.  . 
Taylor.  Frederic  Weston,     . 
Taylor,  George  Lyman, 
Taylor,  Henry,     . 
Taylor,  Jubal  George, . 
Temple,  Franklin  Stuart,     , 
Temple,  Hiram,    . 
Temple.  William  Franklin, 
Ten  Broeck,  Stanton  Jacob, 
Tenney,  Benjamin, 
Tenney,  John  Arthur, . 
Thayer,  Charles  Nathaniel, 
Thayer,  Charles  Paine, 
Thayer,  Daniel  Ellsworth, 
Thayer,  Eogene,  . 
Thayer,  Fred  Lyman, . 
Thayer,  George  Dickinson, 
Thayer,  Henri  Riedelle, 
Thayer,  Samuel  Chase, 
Thayer,  Samnel  Ezra,  . 
Thayer.  Washington  Irving, 
Thayer,  William  Svdney, 
Therrien,  Edward  Joseph, 
Thlssell,  Joi»eph  Abbott, 
Thomas,  Adelida  Annabel, 
Thomas.  Caroline  Louise, 
Thomas,  Charles  Holt, 
Thomas,  Flavel  ShurtlefT, 
Thomas,  George  Francis, 
Thomas,  John  Jenks,  . 
Thompson,  Charles  Marsh, 
Thompson,  Charles  Oscar, 
Thompson,  Eben, 
Thompson,  Edward  Charles, 
Thompson,  Frederick  Henry, 
Thompson,  George  Eben,    . 
Thompson,  James  Gillespie, 
Thompson,  John  Buxton,   . 


Pittifield. 

Roslindale. 

New  Bedfbrd. 

Newton  Centre. 

Natick. 

New  Bedford. 

Salem. 

Fall  River. 

Cambridge. 

NewtonviUe. 

Boston. 

Boston. 
I  East  Boston. 
I  Boston. 

Boston. 
Boston. 

West  Acton. 

Worcester. 
Boston. 
Boston. 
Lowell. 

Koston. 

Boston. 

Cambridge. 

Holyoke. 

Boston. 

Allston. 

Boston. 

Cbarlemont. 

Boston. 

Orange 

Boston. 

Boston. 

Falmouth. 

Boston. 

Adams. 

Boston. 

West  Newton. 

Northampton. 

Athol. 

Boston. 

Hamilton. 

Williamsburg. 

Cambridge. 

Marlboroogfa. 

Beverly. 

Boston. 

Fall  River. 

Cambridge. 

Hanson. 

Lowell. 

Boston. 

Boston. 

Boston. 

Newton. 

Wintbrop. 

Fiicbbnrg. 

Newton. 

Boston. 

Boston. 
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Beeord  of  those  Regittered,  etc.  —  Gontinaed. 


OmnoATB. 


• 

DATS  OV  IBSUB. 

9 

i 

a 

^ 

& 

Day. 

Month. 

Tear. 

1,159 

A 

5 

Not., 

1894 

2.443 

A 

10 

Dec, 

1894 

3,431 

A 

12 

Jan.. 

1895 

3.091 

B 

28 

Dec, 

1894 

1.300 

A 

7 

Nov., 

1894 

2.894 

A  1 

22  Dec, 

1894 

2,790 

A  . 

22  1  Dec, 

1894 

982 

A 

30 

Oct.. 

1894 

1.380 

A 

7 

Nov., 

1894 

81 

A 

19 

Oct., 

1894 

1,276 

B 

t  12 

Jan., 

1895 

2.996 

B 

28 

Dec, 

1894 

757 

A 

24 

Oct., 

1894 

813 

B 

26  1  Oct.. 

1894 

2.527 

A 

10 

Dec. 

1894 

2,969 

A 

26 

Dec, 

1894 

694 

A 

23 

Oct., 

1894 

921 

A 

29 

Oct., 

1894 

396 

A 

19 

Oct., 

1894 

1,126 

A 

1 

Nov., 

1894 

1.965 

A 

27 

Nov., 

1894 

3,668 

A 

19 

Jan., 

1895 

2.939 

A 

26 

Dec, 

1894 

1.188 

A 

6 

Nov., 

1894 

2,767 

A 

19 

Dec, 

1894 

1,120 

A 

31 

Oct, 

1894 

3.394 

A 

10 

Jan., 

1895 

2,472 

A 

10 

Dec, 

1894 

685 

A  1 

23 

Oct., 

1894 

306 

A  1 

i  17 

Oct., 

1894 

2,082 

A 

,  30 

Nov., 

1894 

929 

^   i 

29 

Oct., 

1894 

995 

a| 

30 

Oct.. 

1894 

3.163 

A 

3 

Jan., 

1895 

2,641 

A 

17 

Dec, 

1894 

1,777 

A  1 

19 

Nov., 

1894 

230 

A 

17 

Oct, 

1894 

562 

A 

22 

Oct., 

1894 

2.407 

A 

8 

Dec, 

1894 

1,993 

A 

27 

Nov., 

1894 

1,789 

A 

19 

Nov., 

1894 

2,096 

A 

30 

Nov., 

1894 

3,083 

A 

28 

Dec, 

1894 

241 

A 

17 

Oct., 

1894 

86 

A 

19 

Oct.. 

1894 

850 

A 

26 

Oct, 

1894 

3,483 

A 

12 

Jan., 

1895 

3,355 

A 

8 

Jan., 

1895 

2,826 

B 

22 

Dec, 

1894 

504 

A 

19 

Oct., 

1894 

936 

A 

29 

Oct, 

1894 

2,335 

A 

8 

Dec, 

1894 

2,645 

B 

17 

Dec, 

1894 

302 

A 

17 

Oct.. 

1894 

3,096 

A 

28  i  Dec, 

1894 

799 

A 

26  Oct., 

1894 

1,958 

A 

27  Nov, 

1894 

1,507 

A  ! 

7 

Nov., 

1894 

2,601 

A 

14 

Dec. 

1894 

894 

A 

27 

1 

Oct., 

1894 

NUIM. 


Setldenoe. 


Thompson,  John  Henry,     . 
Thompson,  John  Joseph,    . 
Thompson,  John  McQnald, 
Thompson,  Marshall  Elery, 
Thompson,  Richard  Joseph, 
Thomson,  George  Francis, 
Thomson,  George  Newton, 
Thomdilce,  Angnstns, . 
Thorndilce,  Panl, 
Thornton,  James  Brown, 
Thornton,  William,      . 
Thorpe,  Beiv)amin  Franklin, 
Thorpe,  Edward  Elephalet, 
Thnmln,  Samnel, 
Thoot,  John  Vincent, . 
Tharber,  Madison  Templeton, 
Thnrlow,  John  Howard. 
Thnrston,  Rufus  Leander, 
Tibbetts,  James  Thomas, 
Tiemey,  Edward  Howran, 
Tlernev,  Martin  Henry, 
Tigh,  Frederick.  . 
Tilden,  Franli  Elmer, . 
Tllton,  Edward  James, 
Tilton,  Franlc  Herbert, 
Tilton,  Josiah  Odin.     . 
Tilton,  Letitia  Marie,  . 
Tlmmins.  Patrick  Joseph, 
Tinker.  Martin  Buel,   . 
Tinkham.  Granville  Wilson, 
Tirrell,  Vinson  Meader, 
TItcomb,  George  Engene, 
Tobey,  George  Loriog, 
Tobey.  Walter  Henry, 
Tobin,  James  Henry,  . 
Tolman,  Julia,     . 
Tompkins,  Albert  Henry, 
Toomey,  John  Peter,  . 
Toomey.  Thomas  Patrick, 
Torrey,  Noah. 
Torrey,  Samnel  William, 
Tower,  Charles  Bates, 
Tower,  Frederick  Russell, 
Tower,  George  Augustus, 
Towle,  Fred  Scates,     . 
Towlo.  Harvey  Parker, 
Towle,  Henry  Charles, 
Towle.  Samuel  Knapp, 
Towne,  Charles  Jefierson.   . 
Townsend,  Charles  Wendell, 
Townsend.  George  James, 
Tracy,  Albert  Francis, 
Tracy,  Christopher  Columbus, 
Tracy,  Edward  Aloysius, 
Tracy,  Thomas  Henry, 
Trafton,  Alonzo  Gardiner, 
Traver,  Edward  Clarence, 
Trecartin,  David  Munson, 
Trembley,  Daniel  Gibbs, 
Trow,  Cornelius  Gilman, 


New  York. 

Webster. 

Boston. 

Lowell. 

Fall  River. 

Belchertown. 

Boston. 

Boston. 

Boston. 

Boston. 

Boston. 

Westfleld. 

Newton  Centre. 

Boston. 

New  Bedford. 

Boston. 

Boston. 

Boston. 

Hyde  Park. 

Holyoke. 

East  Pepperell. 

Newbury  port. 

North  Easton. 

Newton  Centre. 

East  Boston. 

Lexington. 

Boston. 

Boston. 

Boston. 

Weymouth. 

South  Weymouth. 

Concord. 

Lancaster. 

Boston. 

Pittsfleld. 

Boston. 

Boston. 

Boston. 

Stoughton. 

Braintree. 

Beverly. 

Cambridge. 

Boston. 

Watertown. 

Boston. 

Boston. 

Boston. 

HaverhUl. 

Essex. 

Boston. 

South  Natick. 

Westfleld. 

Worcester. 

Boston. 

Springfield. 

Boston. 

Upton. 

Tewksbury. 

Westford. 

Sunderland. 
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Beeard  of  those  Registered^  etc.  —  Continued. 


CunriviCATS. 


I 


1,865 
1,420 
1,802 
1,647 
3,808 
3,396 
1.417 

200 
1,142 
2,749 
3,468 
1,972 
2,112 
2,336 
1,217 
1,118 
1,131 

909 
2,593 

987 
8,029 
1,4S9 
2,127 
99 
2,676 
2,693 
1,318 
1,671 
2,496 
1,718 
2,660 
2,767 
3,056 
2,864 
1,340 

762 

214 
1,615 

592 
1,649 
8,006 
1,014 
3,278 
2,630 
3,065 
2,488 

880 
1,603 
8,717 

298 
1,800 

211 

1,065 

16 

3,473 

667 
3,254 
1,968 
3,734 
2,180 


DATS  or  IStUB. 


i 

hi 


A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A  i 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

A 

B 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 


D«7. 


XOBtlL 


Tew. 


21 

7 

19 

15 

4 

10 

7 

19 

1 

19 

12 

27 

30 

8 

5 

31 

1 

29 

13 

30 

28 

7 

30 
19 
17 
17 
7 
19 
10 
19 
17 
19 
28 
22 
7 

24 
17 
12 
22 
15 
28 
30 
4 
10 
28 
10 
27 
12 
28 
17 
19 
19 
31 
19 
12 
22 
4 
27 
11 
30 


••I 

•f 
•» 
» 


Not., 

Nov., 

Nov., 

Nov., 

Jan., 

Jan., 

Nov., 

Oct., 

Nov., 

Dec, 

Jan., 

Nov., 

Nov., 

Dec, 

Nov., 

Oct., 

Nov., 

Oct., 

Dec. 

Oct.. 

Dec. 

Nov 

Nov 

Oct 

Dec. 

Dec 

Nov., 

Nov., 

Dec, 

Nov., 

Dec, 

Dec , 

Dec, 

Dec, 

Nov., 

Oct., 

Oct., 

Nov., 

Oct., 

Nov., 

Dec, 

Oct., 

Jan., 

Dec, 

Dec, 

Dec, 

Oct., 

Nov 

Jan., 

Oct., 

Nov., 

Oct., 

Oct., 

Oct., 

Jan., 

Oct., 

Jan., 

Nov., 

Feb., 

Nov., 


•I 


Namt. 


1894 

1894 

1894 

1894 

1895 

1895 

1894 

1894 

1894 

1894 

1895 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1895 

1894 

1894 

1894 

1894 

1894 

1895 

1894 

1894 

1894 

1894    I 

1394    > 

1895 

1894 

1895 

1894 

1895 

1894 


Trow,  William  Marshall,    > 
Trowbridge,  Edward  Henry, 
Trudeau,  Wilfrid, 
Trudel,  Jacques  Joseph,     . 
Tme,  Herbert  Osgood, 
Trueman,  Harmon  Silas,    . 
Trne worthy,  Edwin  Weston, 
Tuck,  Lacy  Wadsworth,     . 
Tncker,  Edward  Tobey, 
Tacker,  Saronel  Chase, 
Tncker,  William  Emerson, . 
Tucker,  Willis  Leroy, . 
Tnlly,  Edward  Joseph, 
Tapper,  Aagnstas  Maclanchlan, 
Turner,  Augastus  Walter,  . 
Tamer,  Maurice  Worcester, 
Tattle,  Albert  Henry,  . 
Tattle,  Frances  Caroline,     . 
Tattle,  George  Herman, 
Tattle,  George  Thomas, 
Tuttle,  Karl  Rand, 
Tuttle,  Lyman  Mower, 
Twitchelf,  Edward  Thayer, 
Twitcbell,  George  Pierce,    . 
Twombly,  Edward  Lambert, 
Tygesson,  Alfred, 
Tyler,  Albert  Mason,  . 
Tyler,  John  Bennett,   . 
Tyler,  Waldo  Henry,  . 
Underbill,  Charles  Dudley, 
Underwood,  David  Oleason, 
Underwood,  George  Baker, 
Underwood,  George  Latham, 
Urich,  John  Henry,     . 
Urquhart,  John  Edwin. 
Utley,  Edward  Roswell, 
Utley,  James, 
Utley,  Maurice  Howell, 
Valentine,  Henry  Charles, 
Van  Allen,  Harvey  Ward, 
Van  Als^ne,  Seymour  March, 
Vander  Burgh,  David  Williams, 
Van  Magness,  Benjamin,    . 
Van  Pelt,  Gertrude  Wyckoff, 
Vamey,  Edith  Charles, 
Varney,  Fred  Elbridge, 
Vaughan,  Charles  Everett, . 
Vaugfaan,  Jonas  Hobart,    . 
Vermilye,  Oscar  Eugene,    . 
Vermyne,  Jan  Joseph  Bastlanus 
Verner,  Ismael,   . 
Vickery,  Herman  Frank,    . 
Vickery,  Luda  Florence,    . 
Victor,  Agnes  Caecelia, 
Viles,  Clarence  Albertus,    . 
Vinal,  Frank  Thomas, 
Vincent,  Philip,   . 
Viney,  William  Henry, 
Virgin,  Franklin  Pierce,     . 
Vogel,  Frederick  William,  . 


NortbampttiL 
Worcester. 
FaU  River. 
Amesbnij. 
Pawtacket,R.L 
Somenrflle. 
liowell. 
Boston. 
New  Bedford. 
Peabody. 
Ipswich. 
Hinsdsle. 
Fitchbarg. 
'  Rockpon. 
'  Boston. 
'  Boston. 
Cambridge. 
New  HsTCo,  Cl 
Cambridge. 
Somerville. 
Boston. 
Uolyoke. 
Boston. 
Greenfield. 
Boston. 
Brocktoo. 
Sterling. 
Billerica. 
Cambridge. 
Boston. 
Westminster,  Tt 
West  Gantner. 
Boston. 
Boston. 
Ashfield. 
Newton. 
Newton. 
Boston. 
Lexington. 
Springlield. 
Boston. 
Fall  River. 
Chelsea. 
Boston. 
Boston. 
No.  Chelmrforf. 
Cambridge. 
Everett. 
Everett. 
New  Bedford. 
Spencer. 
Boston. 
Boston. 
Cottage  Citr. 
Lowell. 
Sdtuate. 
Waltham. 
Springfield. 
Weymootb 
Boston. 
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Record  of  those  Registered,  e<c.  —  Continued. 


Obstifigatk. 


a 

D 


3,474 
1.324 
2,204 
1,205 

738 
2,208 
2,247 
2,545 
1,728 
2,926 
3.534 
2,006 
3,522 
3,602 
8 

651 
1.782 
1,488 
3,239 
1,322 

674 

493 
1,995 
1,164 
1,359 
3,302 
1,236 
1,101 

292 

523 
2,667 

249 

724 
2,763 

997 
2,475 
3,263 
3,208 
2,636 
3,689 
1,860 
1,888 
3,480 
1,747 
1,859 
2,176 
35 
3,270 
17 
2,556 
2,155 

678 
2,831 
2,993 
3,275 
1,775 
1,738 
2,240 
3,586 
1,968 


i 


A 
A 
B 
A 
A 
B 
A 
A 
A 
A 
B 
A 
B 
A 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
B 
B 
A 
A 
A 
B 
A 
A 
A 
B 
A 
A 
A 
A 
A 
B 
B 
A 
B 
A 
A 
A 
A 


DATE  OF  IBBUm. 


Day. 'Month. 


Tear. 


12 

7 

4 

5 

24 

4 

4 

10 

I  19 

22 

15 

27 

15 

19 

13 

22 

19 

7 

4 

7 

22 

19 

27 

6 

7 

4 

5 

31 

17 

19 

17 

17 

24 

19 

30 

10 

4 

4 

17 

19 

20 

21 

12 

19 

20 

30 

19 

4 

19 

13 

30 

22 

22 

28 

4 

19 

I  19 

4 

19 

27 


Jan., 

Nov., 

Dec, 

Nov., 

Oct., 

Dec, 

Dec, 

Dec, 

Nov., 

Dec, 

Jan., 

Nov., 

Jan., 

Jan., 

Oct., 

Oct, 

Nov., 

Nov., 

Jan., 

Nov., 

Oct , 

Oct., 

Nov., 

Nov., 

Nov., 

Jan., 

'  Nov., 
Oct., 
Oct., 
Oct., 
Dec, 
Oct., 
Oct., 

'  Dec, 
Oct., 

'  Dec, 
Jan., 
Jan., 
Dec, 
Jan., 
Nov., 
Nov., 
Jan., 
Nov., 
Nov.. 
Nov., 
Oct., 
Jan., 
Oct., 
Dec, 
Nov., 
Oct., 
Dec, 
Dec, 
Jan., 
Nov., 
Nov., 
Dec, 
Jan., 
Nov., 


1895 
1894 
1894 
189& 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1895 
1895 
1894 
1894 
1894 
1894 
189.5 
1894 
1894 
1K94 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1895 
1894 
1895 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1895 
1894 


Kame. 


Besidenoe, 


Von  Gottschalk,  William,  . 
VoBe,  Albert  Cbnrchill, 
Wade,  George  Washington, 
Wadswortb.  Oliver  Fairfield, 
Wadsworth,  Pe]eg, 
Warner,  David.   . 
Waite,  Clarence  Howard,    . 
Waite,  Edwin  Everett, 
Waite,  Lorenzo,  . 
Wakefield,  Albert  Tolman, 
Wakefield,  Josiab  Jadson, . 
Walcott,  Henry  Pickering, 
Wales.  Edward  Clarence,  . 
Walker.  Alexander  Taylor. 
Walker,  Angnstus  Chapman, 
Walker,  Prank  Cliflbrd,     . 
Walker,  Onstavas  Freedom, 
Walker,  James  Taylor, 
Walker,  James  William, 
Walker,  Thomas  Jackson, 
Walker,  William, 
Wallace.  Frank  Huron, 
Waller,  Thomas  Gllmore, 
Walsh,  Charles  Joseph, 
Walsh,  Edmnnd, 
Walsh,  Frank  Winfield, 
Walsh,  Peter  Daggan, 
Walton,  George  Lincoln, 
Ward,  George  Otis,     . 
Ward,  Rollia  Clayton, 
Ward  well,  Percival  Goodwin, 
Ware,  William  Goodrich, 
Wares,  Abel, 

Warner,  Carmillns  Tarten, 
Warner,  Emerson, 
Warner,  Frederick  Augnstas, 
Warner,  Henry,  . 
Warner,  Thomas  Jefferson, 
Warren,  Edwin  Smith, 
Warren,  Ernest  Leighton, 
Warren,  Frank  Randall, 
Warren.  Herbert, 
Warren,  Hobart  Endicott, 
Warren,  John  Collins, 
Warren,  John  Kelso,  . 
Warren,  Orin, 
Warren,  William  Marvin, 
Warren,  William  Thomas, 
Warwick,  James, 
Washburn,  Elliott,      . 
Washburn,  George  Hamlin, 
Waterman,  Thomas,  . 
Waters.  Samuel  William, 
Watkins,  Charles  Edward, 
Watkins,  Robert  Lincoln, 
Watson,  Fred  William, 
Watson,  George  Henry, 
Watson,  James  Maurice, 
Watson,  William  Purkis, 
Watters,  William, 


Central  Falls,  R.l. 

Marion. 

Boston. 

Boston. 

Maiden. 

Springfield. 

Pittsfield. 

New  Bedford. 

Pittsfield. 

Sbefileld. 

Boston. 

Cambridge. 

North  Abington. 

Falmouth. 

Greenfield. 

Taunton. 

Boston. 

Falmoutb. 

Pawtucket,  R.  I. 

Edgartown. 

Boston. 

Boston. 

I^well. 

Boston. 

Boston. 

Boston. 

Boston. 

Boston. 

Worcester. 

Nortbfleld. 

Beverly. 

Dedfaam. 

Haverhill. 

Marlborough. 

Worcester. 

Lowell. 

Hampden. 

Olendale. 

West  Springfield. 

West  Boylston. 

Worcester. 

Worcester. 

Cambridge. 

Boston. 

Worcester. 

West  Newbury. 

Boston. 

Newtonville. 

Worcester. 

Taunton. 

Boston. 

Boston. 

New  Bedford. 

Boston. 

Gardner. 

Rockville. 

Bridgewater. 

Falmouth. 

Pawtucket,  R.  I. 

Lynn. 
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Becord  oj  tho9e  Registered^  efe.  —  ContinuecL 


CBSnvIOATB. 


s 

B 


2,668 
2^72 
1,829 
1,191 
1,896 
2.739 
2,742 

324 
2,129 
3.226 
1,082 

037 
3,032 
3,430 
2,186 
1.524 
2,198 

308 
2.319 
1.602 
3.324 
1,347 

336 
3.096 

322 
2,865 

081 
3,015 
62 
3.504 
2.481 
1,466 

687 
2,348 
1.849 
2.821 
2,400 
2,341 
1,990 
2,408 

231 
1.483 

461 

785 
3.123 
3.599 
3.419 
2.253 
1,083 

647 
3,273 

364 
1.306 
1,228 

810 

788 
1,080 
1,722 
2,468 
2.458 


A 
A 

A 

A 

A 

A 

A 

A 

A 

A 

A  ■ 

A 

A 

A 

A  I 

A 
A 
A 

A 
A  I 

A  ' 

A  ; 

A  i 

A 

A 

B 

A 

A 

A 

B 

A 

A 

A 

A 

t' 

A 
A 
A 
A 

A 
A 
A 
A 

A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


DATS  OV  ISSDB. 


DtJ. 


17 
8 

20 

5 
21 
19 
19 
17 
30 

4 
31 
20 
28 
12 
30 

7 

30 
17 

8 
12 

4 

7 
17 
19 
17 
22 
22 
28 
16 
12 
10 

7 
22 

8 
20 

8 

8 

8 
27 

8 
17 

7 
19 
26 
28 
19 
12 

8 
31 
22 

4 
17 

7 

5 
26 
26 
31 
19 
10 
10 


Month. 


Dec.. 

Dec., 

Nov., 

Nov., 

Nov., 

i^ec«, 

Dec, 

Oct, 

Nov., 

Jan., 

Oct., 

Oct. 

Dec, 

Jan., 

Nov., 

Nov., 

Nov., 

Oct., 

Dec, 

Nov., 

Jan  , 

Nov., 

Oct., 

Jan., 

Oct., 

Dec. 

Oct., 

Dec, 

Oct, 

Jan., 

Dec. 

Nov.. 

Oct., 

Dec. 

Nov., 

Dec, 

Dec, 

Dec, 

Nov, 

Dec, 

Oct.. 

Nov, 

Oct.. 

Oct., 

Dec. 

Jan.. 

Jan.. 

Dec. 

Oct.. 

Oct., 

Jan.. 

Oct.. 

Nov.. 

Nov.,; 

Oct., 

Oct., 

Oct., 

Nov., 

Dec, , 

Dec,! 


1894 
1894 
1894 
1894 
1894  , 
1894  I 
1894 
1894  ! 

1894  I 

1895  I 
1894  ' 
1894 
1894 
1895 
1894 

1894  I 
1894 
1894 
1894 
1894 

1895  ; 
1894  I 

1894  I 

1895  ' 
1894  . 
1894  . 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
1894  < 
1894 
1894 
1894 
1894  • 
1894 
1894  I 
1894 
1894  , 
1894  I 
1894  , 

1894  I 

1895  I 
1895 
1894 
1894 
1894 
1896 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 


Name. 


Wattles-Fannce,  Mary  Ann, 
Watts.  Henry  Fowler  Ransford, 
Webb,  Mary  Elizabeth. 
Webb,  Melville  Emerson, 
Webber,  Alonzo  Carter, 
Webber,  Amos  Paterson, 
Webber,  Frank  Orland, 
Webber,  George  Clark, 
Webber,  George  Franklin, 
Webber.  Horace  Green, 
Webber.  Samnel  Gilbert, 
Webster,  George  Arthur. 
Webster.  Helen  Baker  Worthing, 
Webster,  Jonathan  Edwards. 
Webster,  Joseph  Rowe, 
Weeks,  Charles  Tupper, 
Weeks.  Joshna  Franklin,    . 
Weil,  Frank  Edward, . 
Weinerovitch,  Nochine, 
Welnstein.  Isaac, 
Weir,  Frank  Le  Sieur, 
Weiser.  Walter  Rupert, 
Welch.  Edward  Augustus, . 
Welch.  Edward  John, 
Welch,  John  Frederick, 
Weller,  Francis  Joseph, 
Wellington.  William  Williamson 
Wells.  Edward  Frederic,     . 
Wells.  Frank, 
Wells,  James  Lee, 
Wentworth.  Arthur  Howard, 
Wentworth,  Horace,    . 
Wentworth,  Jacob  Brackett, 
Wentworth,  Walter  Henry, 
Wentworth.  William  Warren, 
Werner.  Anders  Christen. 
Werner,  Julius  Dominick, 
Wesley.  Charles  Main, 
Wesley,  John  Lyman. 
We«ley,  Sarah  Jane.    . 
Wesselboeft,  Conrad,  . 
Wesselhoeft.  Walter,  . 
West,  Benjamin  Hussey, 
West,  Edward  Graeff, 
West.  George  Leon,     • 
West.  George  Webb,   . 
West,  Henry  Daniels, . 
West.  Pliny  Hume, 
Weston.  George  Dake, 
Weston,  Isabel  Gray,  . 
Wetherbee.  Angeline  Giles, 
Wetherbee,  Roswell,   . 
Wetherbee.  Sarah  Lncretia, 
Wetherell,  Arthur  Bryant, 
Whalley,  Thompson.  . 
Wheatley.  Frank  George, 
Wheeler,  Alfred  Augustus, 
Wheeler,  Charles  Augustus 
Wheeler,  Charles  Douglas, 
Wheeler,  Edward  Reed, 


Newtonvillc 

Frankltai. 

Boston. 

Boston. 

Cambridge. 

New  Bedford. 

Cambridge. 

Millbnry. 

Waltham. 

Wilbraham. 

Boston. 

Boston. 

New  Bedford. 

Peabody. 

Milton. 

Cambridire. 

New  Bedford. 

North  Andover. 

Boston. 

Boston. 

Brockton. 

Springfield. 

Sutton. 

Lowell. 

Qaincy. 

Boston. 

Cambridge. 

Lynn. 

Boston. 

Boston. 

Boston. 

Boston. 

Lowell. 

Pittsfield. 

Pittsfield. 

Worcester. 

Boston. 

Boston. 

Boston. 

Hazel  wood. 

Boston. 

Cambridge. 

Boston. 

Boston. 

Boston. 

Boston. 

Sontbbridge. 

Boston. 

Springfield. 

Wellesley. 

Charlestown. 

Cambridge. 

South  HuBover. 

Holvoke. 

Fitchbarg. 

North  Ahiugton. 

Boston. 

Leominster. 

Worcester. 

Spencer. 
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CBRTmCATS. 

NanM. 

^t 

i 

>4 

DATS  OF  IMDB. 

BMldtDoe. 

un 

12 

Month. 
Jan., 

Tear. 
1895 

3,fi06 

A 

Wheeler,  Harry  Devennx, 

Boston. 

1,983 

A 

27 

Nov., 

1894 

Wheeler,  Leonard, 

Worcester. 

420 

A 

19 

Oct., 

1894 

Wheeler,  Morris  Plnmer,    .       .       .       . 

1  Boston. 

1,943 

A 

27 

Nov., 

1894 

Wheeler,  William  Ooodnough,  . 

!  Chelsea. 

672 

A 

22 

Oct., 

1894 

Whipple,  Farrington  Haaham,    . 

Boston. 

2,185 

A 

30 

Nov., 

1894 

Whlston,  Edward  Andem, .       .       .       . 

Newtonville. 

188 

A 

19 

Oct., 

1894 

Whitaker,  Clarence  Wilder, 

Worcester. 

1,687 

A 

19 

Nov., 

1894 

Whitcombe,  Charles  Reed, .       .       .        . 

Boston. 

1.540 

A 

7 

Nov., 

1894 

White,  Charles  Warren,      .        .       .        . 

Fairhaven. 

3,491 

A 

12 

Jan., 

1896 

While,  Edward  Forest,       .        .        .        . 

Boston. 

217 

A 

17 

Oct., 

1894 

:  White,  George  Edwin,        .... 

Sandwich. 

360 

A 

17 

Oct., 

1894 

White,  Herbert  Warren,     .... 

Boston. 

700 

A 

23 

Oct., 

1894 

White,  Horace  Carr, 

Boston. 

1,259 

A 

6 

Nov., 

1894 

,  White,  James  Clarke, 

1  Boston. 

1,187 

A 

5 

Nov., 

1894 

'  White,  Leon  Edward,         .        .        .        . 

'  Roxbury. 

1,005 

A 

30 

Oct., 

1894 

White,  Leonard  Darling,    .        .       .       . 

Uxbridge. 

687 

A 

23 

Oct., 

1894 

,  While,  Levi, 

Milford. 

49 

A 

19 

Oct., 

1894 

;  White,  Robert, 

Boston. 

1,173 

A 

1     5 

Nov., 

1894 

White,  Walter  Henry,        .       .       .       . 

,  Boston. 

96 

A  ! 

!  19 

Oct., 

1894 

White,  William  Alien 

1  Boston. 

1,114 

A 

1  31 

Oct., 

1894 

Whiiehill,  George  Edward, 

Boston. 

67 

A  1 

1  19 

Oct., 

1894 

Whitford,  Andrew  Foster,  .... 

1  Boston. 

868 

A 

,  27 

Oct., 

1894 

Whiting.  George  Washington  Whitney,     . 

Boston. 

965 

A  ; 

:  30 

Oct., 

1894 

Whiting,  Lewis, 

Danvers. 

234 

A 

i  17 

Oct., 

1894 

Whiiing,  Walter  Booth,      .        .        .        . 

Maiden. 

1,770 

B 

19 

Nov., 

1894 

Whitman,  Ed  son  Fobea 

SomerviUe. 

487 

A 

19 

Oct., 

1894 

'  Whitmore,  Albion  Stinson, 

1  Boston. 

2,173 

A 

30 

Nov., 

1894 

Whitney,  Charles  Alvano,  .       .       .       . 

Boston. 

3,038 

A 

'  28 

Dec, 

1894 

Whitney,  Charles  Melville, 

Boston. 

1,929 

A 

21 

Nov., 

1894 

Whitney,  Edward  Melville, 

New  Bedford. 

769 

A 

1  24 

Oct., 

1894 

Whitney,  William  Fiske 

Boston. 

61 

A 

19 

Oct., 

1894 

Whitney,  William  Herbert, 

Westfleld. 

3,718 

B 

28 

Jan., 

1895 

Whittaker,  William  Anstin, 

Chicopee. 

2,666 

A 

13 

Dec, 

1894 

Whittemore,  Dwight  Stanley,     . 

Brockton. 

1,794 

A 

19 

Nov., 

1894 

,  Whittemore,  Fred  Webster, 

Cambridge. 

2,243 

A 

4 

Dec, 

1894 

;  W  bitten,  George  Edwin 

Aubnmdale. 

4 

A  : 

13 

Oct., 

1894 

1  Whittier,  Daniel  Brainard, .       .        .        . 

Fitchburg. 

1,240 

A 

6 

Nov., 

1894 

1  Whittier,  Edward  Newton, 

Boston. 

2,431 

A 

8 

Dec, 

1894 

Whittier,  Francis  Fremont, 

Brookline. 

3,710 

B 

19 

Jan., 

1896 

Whittier,  Helen  Adelaide 

Everett. 

1,402 

A 

7 

Nov., 

1894 

Wiggles  worth,  Edward,      .        .        • 

Boston. 

796 

A 

26 

Oct., 

1894 

Wight,  Daniel  Webster,      .       .       .       . 

West  Medford. 

3,663 

A 

19 

Jan., 

1896 

Wight,  George  Dewitt,        .       .       .       . 

New  Lebanon,  N.Y 

3,726 

B 

28 

Jan., 

1896 

Wilbur,  Ezra  Richmond,    .... 

Fall  River. 

1,141 

A 

1 

Nov., 

1894 

Wilbar,  Hubert  Granville,  .... 

Fall  River. 

1,351 

A 

7 

Nov., 

1894 

Wilbur,  Sarah  Mann, 

j  Springfield. 

1,676 

A 

19 

Nov., 

1894 

Wilcox,  Dorvil  Miller 

i  Lee. 

2,238 

A 

4 

Dec. 

1894 

Wild,  George  Warren,        .... 

,  Norton. 

721 

A 

i  24 

Oct., 

1894 

Wilder,  Raymond  Sargent, 

Wilder,  Sarah  Elizabeth,     .... 

Worcester. 

652 

A 

22 

Oct., 

1894 

Boston. 

3,683 

A 

'  19 

Jan., 

1895 

Wildes,  Adeline  Wilklns,   .... 

Boston. 

20 

B 

19 

Oct., 

1894 

Wilinsky,  Adolph, 

Chicopee. 

411 

A 

19 

Oct., 

1894 

Wilkin,  Anna  Maria, 

8.  Framingham. 

1,663 

A 

16 

Nov., 

1894 

Wilkins,  George  Henry,      .... 

Palmer. 

2,822 

B  1 

1    8 

Dec, 

1894 

Willard,  Mary  Antoinette,  .        .        .        . 

Webster. 

1,600 

A  1 

1    7 

Nov., 

1894 

Williams,  Augustus  Gilbert, 

Boston. 

8,714 

B 

28 

Jan., 

1896 

Williams,  Beigamin  Barney, 

Wareham. 

1,604 

A  , 

12 

Nov., 

1894 

Williams,  Charles  Crosby,  .... 

Boston. 

128 

A  1 

18 

Oct., 

1894 

Williams,  Christopher  Earle,      . 

Cambrldgeport. 

2,316 

B 

8 

1 

Dec, 

1894 

Williams,  Clara  Augusta,  .... 

Boston. 
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Record  of  those  Registered^  etc,  —  Continued. 


CsmFICATS. 


i 

a 


DATS  or  XfltUB. 


2,888 
S,604 
2.267 
960 
1,396 
1.069 
153 
941 
260 
293 
1.454 
8,306 
2,829 
42 
K693 
2,876 
3,090 
7M 
3,170 
1,522 
979 
925 
3.171 
2,506 
3,246 
2,901 
595 
179 
2.018 
380 
1,212 
383 
1,372 
1,445 
3,639 
506 
1,404 
1,867 
1,408 
3,276 
356 
161 
2,095 
3,022 
861 
1,264 
3,021 
835 
2,963 
2,580 
2,842 
397 
2,772 
1,225 
3,169 
1,894 
1,134 
2,090 
3,080 
U218 


S 


A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

6 

B 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 


Day. 


22 

19 

8 

30 

7 

31 

19 

29 

17 

17 

7 

4 

22 

19 

19 

22 

28 

24 

3 

7 

30 

29 

3 

10 

4 

22 

22 

19 

30 

19 

5 

19 

7 

7 

19 

19 

7 

21 

7 

4 

17 

19 

30 

28 

27 

5 

28 

26 

26 

13 

22 

19 

19 

6 

3 

21 

1 

30 

28 

6 


Month. 


Dec., 

Jan., 

Dec, 

Oct., 

Nov., 

Oct., 

Oct., 

Oct., 

Oct., 

Oct., 

Nov., 

Jan., 

Dec, 

Oct., 

Nov., 

Dec, 

Dec, 

Oct., 

Jan  , 

Nov., 

Oct., 

Oct., 

Jan., 

Dec, 

Jan., 

Dec, 

Oct., 

Oct., 

Nov., 

Oct., 

Nov., 

Oct, 

Nov., 

Nov., 

Jan., 

Oct., 

Nov. 

Nov, 

Nov., 

Jan., 

Oct., 

Oct., 

Nov., 

Dec, 

Oct., 

Nov., 

Dec, 

Oct., 

Dec, 

Dec, 

Dec, 

Oct., 

Dec, 

Nov., 

Jan  , 

Nov., 

Nov., 

Nov., 

Dec, 

Nov., 


Tmf. 


1894 
1895 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 

\>m 

1894 

1894 

1894 

1894 

1894 

1894 

1895 

1894 

1894 

1894 

1895 

1894 

1895 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1895 

1894 

1894 

1894 

1894 

1895 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1894 

1895 

1894 

1894 

1894 

1894 

1894 


Name. 


WilHams,  Edward  Rassell, 
Williams,  Edward  Tafts,    . 
WiUianiB,  Frances  Elizabeth, 
Williams,  Francis  Henry,  . 
Williams,  Harold, 
Williams,  Harrj  Angnstns, 
Williams,  Henrv  Clarence, 
Williams,  Henry  Witlard,  . 
Williams,  Jacob  Lafayette, 
Williams,  Joseph, 
Williams,  Sara  Jane,  . 
Williams,  Thomas  Francis, 
Willis,  Andrew  Everett, 
Willis,  Joslah  Greene, 
Willis,  Reuben,    . 
Willson,  Georgiana,    . 
Wilson,  Charles  Milo, 
Wilson,  Charles  Oscar, 
Wilson.  Darins,   . 
Wilson,  George  Slooomb,    . 
Wilson,  Howard  Engene,    . 
Wilson,  John  Bradford, 
Wilson,  Nettie  Frances  Mosher 
Windsor,  Sarah  Sweet, 
Wing,  Clifton  Ellis,     . 
Wing,  Edward  Payson, 
Winkler,  Joseph  Alexander, 
Wink  ley »  Jonathan  Wingate, 
Winn,  Charles  Henry, 
Winn,  William  John,  . 
Winslow,  Edward  Smith,   . 
Winslow,  Kenelm, 
Wis  wall,  Edward  Hastings, 
Witham,  Charles  Henry,    . 
Witbington,  Alfreda  Boswortb, 
Withington,  Charles  Frands, 
Witt,  Stephen,     . 
Witter,  Wilbnr  Fiske, 
Wolcott,  Grace,  . 
Wolcott,  Joseph  Arthur, 
Wood,  Albert,     . 
Wood,  Edward  Stickney, 
Wood,  Henry  Austin, . 
Wood.  Julia  Beard,     . 
Wood,  Nelson  Mervin, 
Wood,  Norman  Perkins, 
Wood,  Rosto  Owin, 
Wood,  Stephen  Andrew, 
Woodbridge,  Luther  Dana, 
Woodbury,  Charles  Edward, 
Woodbury,  George  Edwin, 
Woodbury,  Louis  Augustus, 
Woodbury,  Stillman  Philetus, 
Woodbury,  William  Richardson 
Woodill,  beorge  Franklin,  . 
Woodman,  Aurin  Payson,  . 
Woodman,  George  Sullivan, 
Woodman,  Julia  Frances,  . 
Woodruff,  Morgan  Lewis,   . 
Woods,  Charles  Edwin, 


Boston. 

Boston. 

Onset. 

Boston. 

Boston. 

New  Bedford. 

Boston. 

Boston. 

Boston. 

Boston. 

Palmer. 

Boston. 

Sbclbume  Falls. 

Dana. 

Somerville. 

Boston. 

Shelbnme  Falls. 

Lowell. 

Boston. 

Boston. 

Chester. 

Mansfield. 

Boston. 

Boston. 

Boston. 

Lynn. 

Boston. 

Boston. 

Boston. 

Cambridge. 

Basthampton. 

Newton. 

West  Newton. 

Cambridge. 

Pinsfleld. 

Boston. 

North  Dana. 

North  Brookfield. 

Boston. 

Cambridge. 

Worcester. 

Boston. 

Waltham. 

Worcester. 

Boston. 

Northfleld. 

Worcester. 

Bedford. 

Williamstown. 

Arlington. 

Methuen. 

Groveland. 

Miller's  Falls. 

Boston. 

Lynn. 

Essex. 

Newton  ville. 

Melrose 

Pittstield. 

Lnnenbuig. 
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Record  of  those  Registered,  etc.  —  Concluded. 


Certificatk. 


s 

a 

as 


1,563 

149 

50 

2,251 

250 

859 
2,754 
1,991 

596 
2,795 

150 
2,591 

314 
3,128 
2,361 
1,319 
2,100 
2,103 

447 
1,959 
3,518 

433 

914 

134 
2,435 
1,542 

975 
2,644 

787 
2,414 
3,290 
3,156 
1,169 
2.622 
2,618 
2,761 
2,060 

886 
2,269 
1,208 

759 

443 
2J17 
1,723 

725 
1,736 

100 
2,989 
1,060 


B 

u 
O 


A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
A 
A 
A 
A 
A 
B 
B 
A 
A 
A 
A 


DATS  OF  I88UK. 


I  Day. 


Monlh. 


m     I 


12 
19 
19 

4 
17 
27 
19 
27 
22 
22 
19 
13 
17 
28 
i    8 

7 

30 
30 
19 
27 
14 
19 
29 
19 
>    8 

7 

30 

17 

'  26 

8 


A   I     4 
A    I     3 


A 

5 

A 

14 

A 

14 

A 

19 

A 

30 

A 

27 

A 

,  8 

A 

5 

A 

24 

A 

19 

A 

17 

A 

19 

A 

24 

A 

19 

A 

19 

B 

128 

A 

:  31 

Nov.,, 
Oct., 
Oct.,  I 
Dec, 
Oct., 

;  Oct, 
Dec, 
Nov., 
Oct., 
Dec, 
Oct., 
Dec, 
Oct., 
Dec, 

!  Dec, 
Nov., 
Nov., 
Nov., 
Oct., 
Nov., 

i  Jan., 
Oct., 
Oct., 
Oct., 
Dec  , 
Nov., 
Nov., 
Dec, 
Oct., 
Dec, 
Jan., 
Jan., 
Nov., 
Dec, 
Dec, 
Dec, 
Nov., 
Oct., 
Dec, 

!  Nov., 
Oct., 

,  Oct., 
Dec, 
Nov., 
Oct., 
Nov., 
Oct., . 
Dec, , 
Oct., 


Name. 


Yenr. 


1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1895 
1894 
1894 
1894 
lh94 
1894 
1894 
1894 
1894 
1894 
1895 
1896 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 
1894 


Woods,  Charles  Livingston, 
Woods,  Frank  Aylmer, 
Woods,  JarvlB  Uriah,  . 
Woods,  Jonathan  Henrj,    . 
Woods,  William, 
Woodvine,  Denton  George, 
Woodward,  Johnson  Rafas, 
Woodward,  Lemael  Fox,    . 
Woodward,  Samael  Bayard, 
Woodworth,  Dwight  Sidney, 
Woolly,  Emma  Myrtice,     . 
Worcester.  Alfred, 
Worcester.  Charles  Fomeroy, 
Worcester,  Edward,     . 
Worcester,  Fitzwilliam  Sargent, 
Worcester,  George  Waldron, 
Worcester,  John  Fonerden, 
Wright,  Erwin,    . 
Wright,  Frank  Edward  Kemble 
Wright,  Helen  La  Forest, 
Wright,  James  Henry, 
Wright,  John  Homer, . 
Wright,  Mary  Jane, 
Wright,  W'alter  Mclvin, 
Wright,  William, 
Wunscb,  Panlina, 
Wylie,  Ella  Rosalind, 
Wyman,  John  Lansen, 
Wyman,  Morrill, . 
Wyman,  Samael  Edwin, 
Yale,  Charles  Henry,  . 
Yale,  John,  . 
Yale,  Joseph  Cummings, 
Yenetchi,  Henry  Ains worth 
York,  Roger  Sherman, 
Yorke,  Albert  Daniel, . 
Yoang,  Benjamin  Herbert, 
Young,  Charles  Sayward, 
Young,  Edgar  William, 
Young,  Edmund  Sanford, 
Young,  John  Daniel,  . 
Young,  John  Francis, 
Young,  John  Franklin, 
Young,  Leyander  John, 
Young,  William  Henri  Antonio, 
Yvon,  Jean  Baptiste  Wilfred, 
Zabriskie,  Frank  Hunter,    . 
Zannos,  George  Anast, 
Ziselman,  Max,    . 


Residence. 


Lowell. 

Holyoke. 

Holyoke. 

Brookline. 

Boston. 

Boston. 

Oxford 

Worcester. 

Worcester. 

Fitchburg. 

Boston. 

Waltham. 

Newton. 

Waltham. 

Peabody. 

Newburyport. 

Clinton. 

Lynn. 

Worcester. 

Boston. 

Natick. 

Boston. 

Boston. 

Orange. 

Boston. 

Greenfield. 

Boston. 

Onset. 

Cambridge. 

Cambridge. 

Ware. 

Ware. 

Boston. 

Belmont. 

Boston. 

Lowell. 

Amesbury. 

Stonghton. 

Everett. 

Boston. 

Winlhrop. 

Boston. 

Newburyport. 

Haverhill. 

Springfield. 

Fitchburg. 

Greenfield. 

Boston. 

Boston. 
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Addenda. 


CllTiriOATB. 


M 

u 

X 

• 

1 

a 

D 
85 

1 , 

3,866 

B 

S.800 

B 

3,868 

A 

3.869 

B 

3,870 

B 

3,871 

B 

3,872 

B 

3,873 

B 

3,874 

B 

3,908 

B 

DATS  or  IMDK. 


D«7.  &Ionth.    Tear. 


I 
29  I  Mar., 
25    Mar., 
22    Apr.,! 
22  I  Apr., 
22    Apr.. 
•22    Apr.,  I 
22    Apr.,' 
22    Apr.,' 
22  '  Apr., 
22  !  Apr.,  I 


1895  J 

1895   ' 

1895  I. 

1895  I, 

1895 

1895 

1895 

1895 

1895 

1895 


Name. 


Knight,  William  Henry  Anderson, 
Clarendon,  James  Canipbell, 
Boynton,  Royal  Ballard, 
Batnam,  William  Aaron, 
Hart,  Charles  Oliver,  . 
Sanders,  Edward  Melvin, 
Boynton,  Stella  W,     . 
Harvey,  Elvira  Adelaide, 
Hnmes,  Albert  Henry, 
Breton,  Joseph  H, 


Keaidenct. 


Lynn. 

Holyoke. 

West  Townsend. 

Boston. 

Cambridge. 

Charlestown. 

Fitchburg. 

Boston. 

Boston 

Lowell. 


